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DIVISION DE E. _.CACION CONTINUA

CURSGS  ABIERTOS

METODOS EXPERIMENTALES DE ANALISIS

DE ESFUERZO |
Del 7 al 11 de febrero de 1994

f -

A.0.-- Metodos Hibridos
A.0.-- Mesa Redonda

Dr.

Luis Ferrer Argote

- 5 R IR
FECHA HORA TERA , PROFES fil?
— ,
Lgnes 7:febf¢fb- 9:00 a 18:00 hrs. Introduccidon a 'la Mecdnica Dr. Luis Ferrer Argote
- : ) Teoria de Modelos _
Fotoelasticidad. (Principios-
Fundamentales)
_ _ Fotoelasticidad (2D) Ing. Alfredo Olivares P.
Martes 8 febrero 9:00 & 18:00 hrs. ‘Fotoelasticidad (3D) Dr. Luis Ferrer Argaote
Recubrimientos Fotoelasticos ‘Ing. Alfredo Ollvares P.
Fotoelasticidad (Aplicaciones) Br. Lkuis. Ferrer Argote
Fotoelasticidad (Técnicas de -. Ing. Alfredo Olivares. P.
Laboratorio) o ‘
 ﬁMiérco1es 9 febrero 9:00 a 18:00 hrs. Extensometros Eléctricos (5.6:9) Ing. Alfredo Olivares P.
Extensometros Eléctricos {S.G.) S I
". Extensometria (Circuitos) A _
Interpretacion de Resultados Dr. Luis ‘Ferrer Argote
Jueves 10 febrero 9:00 a 18:00 hrs. ‘Extensometria (Técnicas de - Ing. A]fredoAOIivakés-P.
Labordtorio) :
Extensometria {Aplicaciones) Dr. Luis Ferrer Argote
Recubrimientos_Fragiles: |
Transductores Ing;fﬂlfredo Qlivares P.
Viernes 11 febrero 9:00 a 18:00 hrs. Moire;KMallas Dr.. Luis Ferrer Argote
Transductores Ing. Alfredo 011vares P.

“*ngd.
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1.- {Qué le parecid el ambiente en la Divisidn de Educacidn Continua?

MUY AGRADABLE AGRADAELE DESAGRADABLE

. L L]

/
( ™
2.~ Medio de ccmunicacidn per el que se enterd del curso: '
PERIODICO EXCELSIOR PERIODICO NOVEDADES
ANUNCIO TITULADO DI ANUNCIO TITULADO DI
VISION DE EDUCACION VISION DE EDUCACION FOLLETO DEL CURSO
CONTI A CONTINUA : :
[:::::::] _ [:::::::]
CARTEL MENSUAL RADIC -UNIVERSIDAD COMUNICACION CARTA,
‘ TELEFONO, VERBAL,
ETC.
D :EJ !
REVISTAS TECNICAS FOLLETO ANUAL CARTELERA UNEM "LOS  GACETA
UNIVERSITARIOS HOY" UNRM .
—
] | b ) )
- J
’ ™

'

3.- Medio de transporte utilizado para venir al Palacio de Mineria:

AUTOMOVIL o ’ METRO : OTRO MEDIO

PARTICULAR _ 7 : - _

; i

4.- iQué cambios haria en el programa para tratar de perfeccionar el curso?

\__

\

5.- {Reccmendaria el curso a otras personas?C: SI l lNo

5.a.¢iQue periddico lee c¢on mayor frecuencia?




»

iQué cursos le gustaria que ofreciera la Divisién

de Educacidn Continua?

~

Continua, para los asistentes?

- La coordinacidn acad@mica fué; h
EXCELENTE BUENA REGULAR MALA
u ,
e 4\
8.- Si estd interesado en tomar algin curso INTENSIVO ¢éCuil es el horario mis
conveniente para usted?
LUNES A VIERNES LUNES A LUNES A MIERCQLES MARTES Y JUEVES.
DE 9 a 13 H. Y VIERNES DE ¥ VIERNES DE DE 18 A 21 H.
DE 14 A 18 H. 17 a 21 H. 18 A 21 H.
(CON COMIDAD)
VIERNES DE 17 A 21 H. ' VIERNES DE 17 A 21 H. OTRO
SABADCOS DE 9 A 14 H. SABADOS DE 9 A 13 H,
: DE 14 A 18 H.
\_ T —— J
. \
9.- éNué servicios adicionales desearia que tuviese la Divisidn de Educaqién

_
(:;.

.— Otras ‘sugerencias:
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E ) Luz v OPfica relacionados a-la-Fotc.: '+1sticidad

a.l. Comportamiento de la Juz.

Hasta la fecha no existe una teoria que explique completamente el comportamiento
de la energia radiante. Para describir el fenémeno fotoeldstico, la teorfa electro -
magnética debida a Maxwell, es usualmente usada. Esta teorfa establece que la
luz es una disturbacién electromagnética, donde esta disturbacién puede ser ex~
presada como un vector de luz normal a la direccién de propagacién. En la luz or-
dinaria emitida por, digamos un filamento de tungsteno incandescente, el vector
luz no estd restringido en ningéin sentido y puede considerarse que esta fermado
de un nimero de v1bra01ones transversales arbitrarias, como se ilustra en la figu-
ra 20.

ondulatorio;, es posible expresar la amplitud del vector luz, en térmlnos de ‘Una e-
cuacién de onda unidimensional: 2 N SN
| A=fz-cO) v glz-<8)

s "};,_;*UEC.. ?‘7‘
donde - A :' amplitud del vector luz o de uno de sus componentes.’{ Galy j’t‘“a '
' Z : la posicitn a lo largo del eje de propagacién.- Lle Ll --Jlj:-j
€ : tiempo. ) Lot Dgel 2ok
.G : velocidad de .propagacién {3xio° en el vacio) R N A% -
Una descnpmén simple del efecto fotoeldstico, se obtiene considerando una"compo— i

e

nente senoidal de la luz,. propagandose en.la direccién positiva‘de z'-'f aratoi
! ' et s ciial 5°

De esta manera la ecuacidn.77 puede escribirse comary, - ' £ THIE i~

‘?LE C{“.) a Sew. QJV : “C.('.) FECERT-H ORI SN ec ¥
Una representamén grafica de la amplitu del vector: 1uz (0 Uno de sis’ componentes)
conforme se propaga en la direccién positiva del eje z estd dada en-la*figura 21,

A n "
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. La longitud de pico a pico en la gréafic..

L]

..e define como la longitud de onda R,
El tiempo requerido para el paso de dos picos sucesivds, por algin valor fijo de z,
se define como el perfodo T y estd dado por:

) T= ?"/C_ — Ee. 9
La frecuencia del vector luz o uno de sus componentés, se define como el nGmero
de oscilaciones de la amplitud en un segundo, por lo tanto es el inverso del perfo-

do. | : - -P"—‘- l/'r Ec. Fo

El color de la luz que el ojo humano.reconoce, estd determinado por la frecuencia
de los componentes del vector luz, Los colores en el espectro visible van desde el
rojo profundo, con una frecuencia de I90x 10’ C. p.s., hasta el violeta profundo con
una frecuencia de #¥0x ro‘z. C.p.S. :

La mayoria de las investigaciones fotoeldsticas se llevan a cabo con luz visible, -
pero los principios de la fotoelasticidad son vélidos en el rango infrarojo y ultravio-
leta de la energia radiante. .
Cuando el vector luz estd compuesto de vibraciones A,, Az, A», que tienen la mis-
ma frecuencia, el vector luz es monocromético y su color depende de la frecuencia,
Si los componentes son de diferente frecuencia, los colores de los componentes se
mezclan y el ojo registra esta mezcla como luz blanca_‘. 2

a,2. Luz Polarizada, . _

Desde el punto de vista de la ffsica cldsica, la luz ordinaria consiste en ondas e-
lectromagnéticas cuya vibracién es transversal a la direccidén de propagacién,
Cuando el patrén de vibraclén de una onda electromagnética exhibe una direccién -
preferente de vibracién, la luz es considerada como polarizada.

Hay tres diferentes formas de luz polarizada que son actualmente empleadas en los
métodos fotoeladsticos del andlisis de esfuerzos:

1) Luz polarizada plana. Se obtiene restringiendo la vibracién del vector luz en. un
solo plano llamado plano de polarizacién. Figura 22,

. 2} Luz polarizada circular. Se obtiene cuando la punto del vector luz describe.una

hélice circular conforme se propaga a lo largo del eje z, Figura 23.

3) Luz polarizada eliptica, Se obtiene cuando la punta del vector luz describe una
hélice cliptica conforme se propaga en la direccién z: -

Notese que los casos 1} y 2) son casos -particulares del caso 3).

En la prdctica la luz polarizada plana puede ser producida con un elemento bptico
conocido como polarizador lineal o plano."

La produccién de luz polarizada circular-o eliptica, requiere del uso de dos elemen-
tos 6pticos, Estos arreglos se discutirdn mas adelante,

A .
L

Plave de Plarizacién

F16-22
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a.3d. Polarizadores planos, _
Los polarizadores planos son elementos Opticos que absorven los componentes del
vector luz que no vibran en la direccién del eje del polarizador,
Cuando un vector luz pasa através de un polarizador plano, este elemento 6ptico
absorve la componente perpendicular al eje de polarizacién y transmite la componen-
te paralela, como se ilustra en la figura 24,

A

Ae

P°\&Vi?,q__c\ov ?\q_vto

o Ese de '\j"‘ﬁﬁzq,cib'h FIG.24
Si el polarizador plano estd fijo en algin punto a'lo largo del eje z, la ecuacibdn. pa-
ra la amplltud del vector luz dada por la ecuacién 78 puede ser escrita como:

Aza Sen zn/g_Ct
que puede reducirse a:

A=z Den 2TTPE =_°L5°"Wt Ec. ?
donde wW=2nE es llamada la frecuencia circular de la luz.
Los componentes absorvido y transmitido del vector luz son:
Aq__:- a, SOev wt Sen §
& 22

A¢ = o Denwt Cos §



54

donde § es el dngulo entre el vector ' . v el eje de polarizacién.

En la practica los filtros polaroid producen un amplio campo de luz muy bien pola-
rizada a un costo relativamente bajo,

En su monufactura, una ldmina de alcohol polivin{lico se calienta, se alarga, e in-
mediatamente se deposita cn una ldmina de acetato o celulosa. La cara de polivini-
lo de este ensamble, es tefiida por un liquido rico en yodo. La cantidad de yodo di-
fuso en la placa determina su calidad. La corporacién Polaroid produce tres grados
de calidad: HN-22, HN-32, HN=-38. o HN-22 es la mds recomendada para propbsi-
tos foioelésticos. " ‘

a.4. Placas de Onda, _
Ciertos materiales tienen la propiedad de descomponer el vector luz en dos compo-
nentes ortogonales y transmitir cada uno de ellos a diferentes velocidades. Un ma-
terial con esta propiedad c¢s llamado birrefringente,

La placa birrefringente mostrada en la figura 25 tiene dos ejes principales marcados
como |y 2. _

La transmisién de la luz a lo largo del eje 1 es a una velocidad C, y a lo largo del
eje 2 a una velocidad C, . Como C,>(;, al eje | se le llama eje répido y al 2 eje
lento,

Si la placa birrefringente es colocada en el campo de un polarizador plano, de mane-
ra que el vector luz A¢ es descompuesto en dos componentes Ay, Ay, a lo largo de
los ejes 1 y 2 respectivamente, (nétese que el dngulo entre Agy el eje répido es@ ),
la magnitud de los componentes 8¢, Atz scra:

AE—F AtCObQ=CLCOb§ Senmwt C’ob@ = Koen L«)‘tCoag ec. 53
Atz= Ak Senp = los S Sewnwt ch\@: K Senwt Sen@

donde K=aCesd ,

Los componentes Aty Atz viajan através de la placa con velocidades diferentes <y .
y C, respectivamente. Debido a esta difercncia de velocidades, los dos componen-
tes emergerdn de la placa en tlempos dlferentes O sea que un compeonente se atrasa
relativameonte al otro,

Este retordo puede ser manejado mds eficientemente considerando el cambio rela*wo
‘de fase entre los dos componentes, como se ve en la flgura 26,

Eac 2" Tadice de RC'Prqcr.uou ="y
. \je.ior.;d.qa de P\'qu%QCEO'v) =C2

C1>Cz

Eéci
Twndice &e RQPYQCCIO") =hn,
Velocidad de ?rarqaqtlo'? =C,
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Atz bSeng Sew - (2 C2t)
Ae,=blos @ Seni;jr' (2-cit) -

A\ —.-«[—— - = — A
~ - - ¥ - - ‘\
-7 1 X ' .
| A Y, o2
v / / /
. \ - /
P b N . 7
- ~ - ’
- - pa——
P
b h
. M zrrk
&= == (h\ hr.)
. . Cc\mb.o de -?qae
F|6'26 i Yela tive
Para obtener este cambio de fase relativo, considere el reE o angular de cada com-
ponente, dado a continuacién: h
[4 -
A\Zz%—("‘y‘h) Do F Qﬂz h) Ce. &q

dondec n es el Indice de refraccibén del aire. :
La diferencia &~ 82 representa el cambic de fase o la diferencia entre los dos com-
ponentes de luz cuando emergen de la placa de onda. Luego:

A bl"&&“ 2“»‘ Qh ‘f‘a) ' gc 5

El cambio de fase relativo produc1d0 por una placa birrefringente depende de su es -
pesor h, de la longitud de onda de la luz 2, y las propiedades de la placa n-w,
Cuando la placa se disena para dar un retardo angular de Wz, se le llama placa cuar-
to de onda.

Al emerger de una placa blrrefrmgente con un retardo A , los componentes de la luz

an:
serdn: Ag) = KCos g Sen(wt +2)

Ate= K dewp Sevwt

Ee. &6

La amplltud del vector luz producida por estos dos componentes puede expresarse co-

mo: ' ‘
A= \IAtf*-A *K‘(scn (_wt‘f‘ﬁ)&’b@ T Sen‘wt Sen’ 9 €c. 92
El &ngulo que el vector luz que emerge de la placa forma con el eje 1 es: ,
Atz - bC.V'IUJt. g
Tan¥= 2057 Benlutas) " @ < ¥

Es claro que la amplitud y el é&ngulo de la luz que emerge de la placa, pueden ser -~
controlados por la placa de onda. Los factores de control son A y @ . Varias combi-
naciones de A y@ v su influencia en el tipo de polarizacién de la luz producida se
discutirdn més adelante.
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Las placas de onda empleadas en foter - iticidad consisten de una simple placa de
cuarzo o calcita, cortada paralelaments <l eje éptico, una placa de mica, una hoja
de celofan, o una hoja de alcohol polivinllico previamente orientada,

Estas tltimas son fabricadas por Polaroid Corporation, calentando y estirando unidi-
mensionalmente la hoja de alcohol polivinilico. Como esta hoja es de solo 20 micro-
nes de ancho, las placas comerciales son usualmente laminadas entre dos hojas de
acetato o celulosa.

a,5. Tur condicionada por una serie de combinacicones de un peolarizador lineal vy
una nlaca de onda.
"La luz que emerge de una combinacién en serie de un polarizador planc y una placa
de onda, también es polarizada, sin embargo el tipo de polarizacién puede ser pla-
no, circular o eliptico,
1} Luz polarlzada plana:
Si el dngulo @ se escoge de O° y el retardo relativo A no se restringe, la amplitud
y direccidn del vector luz que emrge serd: _

At'z Kswa(wt+Dd) ; Y=o £c. 39
Como ¥=0 , el vector luz no rota al pasar através de la placa de onda, luego la luz
que emerge sigue siendo luz polarizada plana. La placa de onda sélo retarda la luz
un &ngulo igual a A . Iguales resultados se¢ obtienen si =7 I,
2) Luz polarizada CJ.rcular
Si se selecciona una placa cuarto de onda (&= Wz )y @ se escoge de % , la am-
plitud de la luz emergente esta dada por: - o

Ag's Bl sdwt s Gowt = Bk & 9

AsI que ¢l vector luz que eme_rge de la placa tiene una amplitud constante. También
se tendria gue:

. Vun ¥=Vanwt =>  ¥=wt Ee. q)
0o sea que el 4ngulo se incrementa continuamente,

De las ccuaciones 90 y 91, se ve que la punta del vector luz describe un cfrculo.
Conforme la luz se propaga en el eje 2z, el circulo se transforma en una hélice cir-
cular con su eje coincidente con el eje z,

3) Luz polarizada ellptica:

Si se selecciona una placa cuarto de onda (&= W,), y se permite que &€ sea cual-
guier &ngulo menos Q@ , % p % , 0 multiplos pares, el vector luz que emerge de la
placa tendrd una amplitud:

Y
Ae'= K\’ch’w{ C‘oa?g + Sen wi 5e..?@
El &4ngulo de salida seré: , €. 92
, Vem ¥z kn wt Touw @ ‘

Puede demostrarse que el vector luz descrito por las ecuaciones 92 ¢onstituyen luz
polarizada elfptica. '
Ya que la luz polarizada circular es la que se emplea mds comunmente en la fotoe -
lasticidad, es importante que la ecuacién 85 se reexamine:

D= 2744 (n-ve) S Ec. o5
Recuerdese que la luz polarizada circular requiere una placa cuarto de onda, 0 sea
que A= V2 . Es claro que el espesor h puede ser determinado para que A= Zj, una vez
que el material {#~#; ) y la longitud de onda de la luz han sido seleccionadas. Sin
embargo una placa cuarto de onda para una longitud de onda dada, (luz monocromé-



~ -———También-debe notarse que no_puede digenarse-una-placa-cuarto-de-onda para’luz

tica) no serd muy Gtil para diferentes [ongitudes de onda,

blanca ya que sus componentes poscen deferentes longitudes de onda,

a.b, Arreglo de los elementos 6pticos en un polaroscopio.

1} Polaroscopio plano.

Este ¢s el sistema Sptico més sencillo usado en la fotoelasticidad ya que consta de
dos polarizadores lineales y una fuente de luz arreglados como se muestra en la fi-
gura 27, '

El polarizador cercano a la fuente de luz recibe el nombre precisamente de polariza-
dor. Ll polarizador mds alejado de la fuente de luz se ilama analizador. En el pola-
roscopio plano, los dos ejes de polarizacidn estdn siempre cruzados, de manera que
no se transmite luz através del analizador, y éste sistema &ptico produce, por lo tan-—
to, un campo obscuro. .

Bajo operacidn, un modelo fotoeldstico se introduce entre los dos elementos vy se ob-
serva através del analizador. E! comportamiento del modelo fotoeldstico en un polaros-

copio plano se ver&d més adelante. P Eje de ,
PVolavizaciow

r

A PO!QHEC\C‘OV-

Modelo

Ede de
- ]
Polarizaciown

ry

Anclizadoy

FIG-27

2) Polaroscopio circular.

Como su nombre lo indica, este polaroscopio emplea luz polarizada circular; conse-
cuentemente el aparato posee cuatro elementos 6pticos y una fuente de luz como se
observa en la figura 28,

El primer elemento después de la fuente de luz se llama polarizador, el cual convier-
te la luz ordinaria en luz polarizada plana. [l sequndo elemento es una placa cuarto
de onda con un dngulo @:1 con respecto al eje de polarizacién, convierte la luz
polarizada plana en luz po?arizada circular, El tercer elemento (placa cuarto de onda)
se coloca con su eje répido paralelo al ejc lento de la placa anterior; el propésito

de este eclemento es convertir la luz polarizada circular en luz polarizada plana gue
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vibra de nuevo en el plano vertical. L! “‘iimo elemento es el analizador con su eje
de polarizacion horizontal, y su propduiio ¢s extinguir la luz. Esta serie de elemen-
tos Opticos producen un campo CSCuUrc.: : )

Actualmente se emplean cuatro arreglos de los elementos 6pticos del polaroscopio
circular, dependiendo de si las placas y los polarizadcores son paralelos o cruzados
( table 2).

Los arreglos A v B se recomiendan para campos OsCuros y claros respectivamente,
va quce el error introducido por las imperfecciones de las placas cuarto de onda, -
{ambas difieren por ejemplo de N= W/, una cantidad dada), se cancelan. Ya que las
placas cuarto de onda pueden ser de baja calidad, este hecho debe tenerse en cuen~

ta. Ejede , 4
Polavizacis

HJEV\" [
/ 3‘&:
E: vz
El'e. Jewto gg:?cido

Po\qvf?qdob

) 18 Placa, cvarto
_.’ de Onde_
Modelo
24 Placa, Cvavlio FIG- 28
" de Onﬁc;_
E‘Sc d\'..
Po\cw(?qc{o'n
A“C«.\\'Zﬂdov —
labla. -2
Placas cvarte Polariaadov y
A"Pt%‘o de Ohdhur Pnc )i 2 adoyv ' Cq,mpo
x
‘A Crveadas Cruzados Qbvascuro
B Crvzaday Pevale los " Clavo
C P
aralelas Cruzgdos Clavo
D Parulelqs P
qu‘ths ob‘C‘UY‘O

¥ mostradg en \q_ pa‘auyg 25
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Los arreglos de los elementos épticos i .cutidos, no son lo suficientemente com-

~pletos para un buen polaroscopio_de_traoajo. El_grado-de_complejidad-de-un-pola—~——"""

roscopio varfa desde sistemas complejos de lentes con servomotores para mover
lIos elementos Spticos, hasta arreglos muy simples como los discutidos.

" b) Teoria de la Fotoelasticidad,

El propésito es discutir la teoria de la fotoelasticidad, o en otras palabras, discu-
tir lo gue pasa en un polaroscopio cuando un modelo fotoeldstico es puesto en el -
polarvoscopio y se carga. Esta teorfa se mantendrd lo mds simple posible, sin em--
barge lo suficientemente completa para describir la mayoria de los efectos fotoelds—-
ticos observables en un polaroscopio. -

b.l. T.a ley del esfuerzo 6ptico en dos dimensiones con incidencia normal,
Consideremos un modelo bidimensional maguilnado de una hoja de pldstico transpa-
rente. Inicialmente el modelo estd libre de esfuerzos y exhibe un Indice de refrac-
cién N, que es el mismo en todos los puntos y planos del modelo.

Sin embargo, cuando se somete a un sistema de fuerzas, un estado de esfuerzos
bidimensional se induce en el modelo, vy &sto cambia sus propledades &pticas.
Opticamente el modelo se vuelve birrefringente y exhibe propiedades muy similares
a las de las placas de onda.

Los ejes principales de los esfuerzos en cualquier punto del modelo, son los ejes
répide v lento de la placa; luego es evidente que el {ndice de refraccién cambié en
relacidn con el estado de esfuerzos inducido.

Es en esta propiedad éptica poco usual en la que se hasa la teorfa de la fotoelasti-
ci'dad. El polaroscopio es el instrumento gue nos ayuda a medir estos cambios en el
indicec de refraccién, la teoria que relacicna los cambios del Indice de refraccién al
estado de esfuerzos, se debe a Maxwell en 1853, Maxwell noté que el cambio en los
fndiccs de refraccién eran linealmente proporcionales a los esfuerzos inducidos en
el modelo v segufan las relaciones:

~Ye = 10 +C2 02
Ne=-no=CiTz4 C2 Gy

donde V% : Indice de refraccién del modelo sin carga, '
N, vzt indices de refraccién a lo largo de los ejes prin’cipale.s, asociados con
T %U'z .
Ci,Cz @ coeficientes del esfuerzo 6ptico.
Si restamos las ecuaciones para eliminar Ne :

M-ne = (i~ )0 -Gz)

Ya quc el modelo cargado se comporta como una placa de onda temporal, de la ecua-
cién 85: : R A

ec. 3

ec. 94

MoneE Ry | Ec. 25
De las ecuaciones 85 y 94:
D= = Zn b (Ci-c2)(G - - Gz) Ec. 957
Si C-(,=C: coeficiente relativo del esfucrzo 6ptico, el retardo relativo A sera:
A= 2ThC (G, -Gz ) €c. 76
2" -3 Cw:

donde C estd expresado en términos del Brewster (I Brewster =/0 Gina) -
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La ecuacién 96 es la cldsica descripci’: de la ley del esfuerzo 6ptico. El retardo
relativo A es directamente proporcional a la diferencla de los esfuerzos principa-
les. :
Como las unidades asociadas con el Brewster no son comines en la Ingenierfa, es
més conveniente escribir la ecuacién 96 como:

G-G = ir“@:- | Ee.97

donde N:Z_%? : retraso relativo en términces de un ciclo completo de retardo 27,
-?U: 7-/(_" ¢ es el valor de {franja del material (Par-¢Cnm ).
W : espesor del modelo {in ).

De la ccuacién 97 es evidente gue la diferencia de esfuerzos principales -0 en

un modelo bidimensional puede ser determinado si el retardo relativo N puede ser

medido y si el valor de franja del material puede ser establecido por calibracién.

La funcién del polaroscopio es determinar el valor de N en cada punto del modelo.
- 51 el modelo es perfectamente eldstico, puede encontrarse la diferencia entre las

deformaciones principqles:

Nfe - E (g5 o Nhfe

donde: 'Pg_: ';J 7%‘

Luego para un modelo fotoeldstico perfectamente eldstico, la determinacién de N es

suficiente para establecerGi-62 v &, -&; si las propiedades del material ( &£, ¥ ,
’po- , O ;P& ) son conocidas,

=&, -~ Ee. 963 72

b,2. Efiectos de un modelo cargado en un polaroscopio plano.
Consideremos el caso de un modelo plano cargado en un campo de un polaroscopio
plano con su normal coincidente con el eje del polaroscopio { fiqura 29).

c-:a.-_-,

!
3¢ Polarzacion

. Fuente

de
Divecciow oz

det Ca?ucveo '

Divecciols de
€5 '?vcvao

Prihcifq\ Y

Polq,n' 2adov

+ ' Modelo
/ Eée‘ de
Polarization '

Avalizadov

FIG-29
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La luz emergente del polarizador en urr - tado de_polarizacién plana vibrando en el
'—-'**Blﬂ;eglgx_fe_rt_i'gg‘l;’c_on;u'na,amplitud que- varfa—con*el*ti-empo*de‘la—sﬁ*gfﬁimﬂ
A=K Denwtl @)
Esta luz polarizada plana penetra al modelc como muestra la figura 30.
EJC Jc\
I Po\av\?qéov

Of recc \'o'v) de OG-

Di.rc cciom de ©

FI16-30

Como ¢l modelo cargado se comporta como una placa de onda, el vector luz es des-
compuesto en dos componentes A, y A, .

A= K Sewwt Cos ot : (o)
Az:\( Senwwt Send

Estos dos componentes se propagan através del modelo a diferentes velocidades.y
al salir del modelo estardn defasados, La diferencia relativa de fase entre los dos
componentes serd, de la ecuacibén 97:

p=aTN= = (ST )

Si esta diferencia de fase relativa se divide por igual entre los dos componentes del
vector de luz, al salir los componentes tendrdn una amplitud dada por:

A= KCoset Sem lwt+ L) A=K Senak Sem(wt—4) )

Los componentes A, Yy A; entran al analizador como se muestra en la figura 31

Eie i’o\q dov

0 J€ Retavidqde
i d

“‘E‘cc\‘o“b de G, Divee uowo < G&

Al Al Ee' e dal
A"Q /r'&q b

Z FIG-3I
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Los componentes A.'y A,_' se descomp:-. 'n, cuando entran al analizador, en compo-
nentes horizontales A y A , vy en cunponentes verticales. Como los componente
verticales se absorven, no s¢ muestran en la figura 31. Los componentes horizonta
les de la luz, transmitidos através del analizador se superponen y resultan en un -

vector luz emergente A cuya magnitud es: - Ce)
Az A."- A" = A Goscx — Ar Send
A= K Sena Conar [bc\a (wt - -r-:) "ca“'(“’t"' %)] (8)
Mediante identidades trigonométricas, puede reducirse a: 8
Az =K Sen 2 Coswt 5en%— €. joo

La intensidad de la luz es proporcional al cuadrado de la amplitud del vector luz e-
mer¢iendo del analizador; luego, la intens 1dad de la luz emergente [ estd dada por:

Ik ‘5:" 2 5cn 3 Goslwt A Ee. 1o/

Esta ecuacién muestra que la extincién (I =0) de la luz, puede realizarse de tres

maneras: :

Caso 1.~ Efectos de frecuencia:

Cuando wt =[@n)1], donde n= =g 3¢l o] Coswt=o0 v la intensidad es cero, produ-

c1endo una condicién de extincidn; sin embargo la frecuencia angular W es tan al -
a ( por ejemplo del orden de loss-,_.ﬂ) gque cualquier tipo de equipo fotogrédfico de al-

ta velocidad no puede captar esta extincién. Luego para aplicaciones en fotoelasti~

cidad estética, este efecto puede ser completamente ignorado y la ecuacién 101 pue=

de ser escrita como;
I:-:K 5%\42 Lok, Scwe‘%' : , Cc.r02

Caso 2.~ Efectos de las direcciones principales de los esfuerzos.

Cuando Jo=nTl donden=qj3e’, el Ben'2d= 0y la intensidad I es cero, produciendo
una condicién de extincidn.

Este hecho implica que cuandoel=0Q o cualquier midltiplo exacto de WL, la direc-
cién principal de G, o ¢ comc1de con el eje del polarizador. Como este andlisis
puede extenderse para cubrir todos los puntos del modelo, pueden determinarse
todos los puntos donde la extincién ocurre debido a este efecto.

Cuando se observa todo el modelo, resulta un patrdn de franjas, las cuales se loca-~
lizan en los puntos donde las direcciones principales (T3 0 G2) coinciden con los e-
jes del polarizador.

El patrédn de franjas producido por el término Sen M en la ecuacién 101 ¢ 102 se cono-
ce como el patrédn de franjas Isbclinas.

Este campo de franjas Iséclinas se emplea para determinar las direcciones principa-
les de los esfuerzos en un modelo fotoeldstico. Como esto representa una parte muy
importante de los resultados o datos obtenidos en un andlisis fotoeldstico, el tema
de las franjas Iséclinas y su interpretacion se tratar§ por separado mas adelante.
Caso 3.~ Efecto de la diferencia de los esfuerzos principales. ‘

Cuando 8/ =wTT , donde n=g,g,e¥. o] 50:—-203/ la-intensidad es cero produciendo
una condicién de extmmén Luego es claro que cuandoé =7 la extmcién ocurre.,

De la ecuacién 97 puede versg que
-é-"\q N= "’/pv (G\~62)

Cuando la diferencia de lcs esfuerzos principales es tal que /?o-@' G") 932, las con-

diciones de extincién son satisfechas. El orden de extincién ( N=0, 2, c/e )esta con’



lado por la magnitud de la diferencia d- os esfuerzos principales, por el espesqor
- -———--del-modelo y por-la-sensitividad del mu. rial fdtae“_l_'é‘s‘_t'i“ao,_mediante_el..valor-de—‘[-)u-.~————

En general, la diferencia%-0; y las direcciones principales varfan de punto a pun-
to. Ll andlisis anterior fué hecho con la fuz pasando por un solo punto del modelo,
Si el andlisis se extiende para cubrir cada punto y si los resultados de todos los
puntos se combinan para obtener un resultado de todo el campo, las lineas de ex-
tincién se obtendran dondeG,-0,= b;’;"?u' con N variando como o,1, 2,3, etc. v donde
una de las dos direcciones principales coincida con el eje de polarizacién del po-
larizador., '

Los dos patrones de franjas se forman y se superponcn uno con otro. Las lineas del
primer tipo, llamadas franjas Isocrométicas son lineas en las cuales G,~%2 es igual
a una constante, dependiente del orden de franja N.

El segundo tipo de lineas, que se relacionan con las direcciones principales de ios
esfuerzos son llamadas Iséclinas, ,
Desafortunadamente, los dos patrones de franjas est4n superpuestos y su separacién
requiere técnicas especiales que se describirdn més adelante.

b.3. Efectos de un modelo cargado en un polaroscopio circular (arreglo en campo
obscuro), .

El uso de un polaroscopio circular elimina las franjas Is&clinas y mantiene las Iso-
cromiticas, y como resultado es mas usado que el polaroscopio plano.

Para ilustrar este efecto, consideremos ¢l modelo cargado en el polaroscopio circu-
lar (arreglo A) mostrado en la figura 32, A

Eje Jento

Polavizadov

1‘& Placee
Cuavio de
Onda
22 Placa,
Cuavio de _
Onde, Fi G -32

Analizqdov ‘



Empleando la ecuacién 86la luz emerge:..: de la primera placa cuarto de onda, pue-
de expresarse como:

A::-gk‘ben(u‘:*-%:):m"fkabbwﬁ ) A= Kr-;lscn wt Ca)

Como se dijo anteriormente, la luz que emerge de la primera placa cuarto de onda,
estd polarizada en forma circular. Ll vector obtenido al combinar los componentes
A v A, es de amplitud constante y su punta describe una hélice circular conforme
se propaga a lo largo.del eje del polaroscopio.
Estos componentes entran al modelo como se ilustra en la figura 33.

. Ed‘c, del Po\qvi?qéw

Eic Lendo $ G
(12 placa, cuavio

de O"éq-) Eje Ra fn'éo )

(_.’.3 Placa. cvario
de Ouda)
.
MOJC.lO
€
FIG-33

] ]
Los"componentes A+ v A2 son entonces resueltos en dos nuevos componentes A."y
A;_ cuando entran al modelo, a lo largo de los ejes G, y Gz .
Los componentes 4," y 4,"son:

A= A|'Co,s (“/q"f) *‘A; 6"’(,%"“) o)
' A Cos (W ~ot) Al Sen (T - o)
Combinando las ecuaciones Q) y b) s

A= 'EZ_"'K[Coaw{: Cob(.“'/q";‘) tSenwt bc"(%_d)] - G
A B [Senwt Cos(Th-at) = Cos wt Sem (-]

Como el modelo cargado tiene las caracter{sticas de una placa de onda, las dos -~
componentes A,' yA,;' se propagan através del modelo con diferentes velocidades y
emergen fuera de fase con un dngulo de retraso relativo A que es proporcional a la
diferencia ), - 0z como se indica en la ecuacién96. Si esta diferencia relativa de
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fase A se divide en los dos compone: s, con+g‘—- aplicado a A, y—é— aplicado
T T al ,q&_,_las _amplitudes-de-estos-componcntes- cuando emergen-del modelo serdn:

A -—~K [Cos (wk+ £ Cos (T ~ot) & Sewr(wt # &) Sen( Ty -o) ]
zm- K [SCn(wt b/c) Cos (T - o) = Con(wt ~ %) SQ"? FT/? °") :)

La luz emergente del modelo, entra a la segunda placa cuarto de onda como se ilus-
tra en la figura 34,

@)

Ea'c del Polarizador .

-1 o

Eje .Ecl(:(éo : Eje lento
(2% Placa Cuavio - {2¢ Placa. cuarto de Onaq_)
de Onda) %

01 9

FIG-34

[11]
" Los compeonentes A y A" se descomponen en los ejes rdpido y lento de la se ~
gunda placa cuarto de onda, vy los denctaremos como A'“' vy A;v gue pueden .ser des-

critos por las siguientes ecuaciones: A'\v_ Al Cos Ty __d_)_* AM Sen Ty =)

(=)
Ad” = A Cop (=) = A" Ben(Ty-=)
Sustituyendo las ecuaciones dlene):
tw_ KL&CWL&)(‘. b/e)CObZ@—ﬂ) C“os(wt Ly)@Ob(.w/‘l "'") 5en(“7q '"()_f
* Cowat-Fb/’-) Cos (W~ "") Sen UV‘I “") * 5"'“(“"t + D/z) Sen (Wq“d);} )
§:

A;_N \HI A1) [F’o slwt+ A/e) Coa?(.rr/q _ggJ 4 Sen (Wt + D/c) Sev (_1',7,,-,4) C’ob("/q-nt) -
= Sy (k= 8%) Cos (W~ o) Sewr (=) 4 Co5 (it = A/,,) Sen ( Ty~ -1)]

Si se asume que el cambio de fase relativa de W/, que ocurre al pasar la luz através
de esta placa cuarto de onda, es aplicada en sentido positivo a la componente 4,V,




los componentes emergentes de la pla«: A“,y szpueden expresarse como:
“AV= J-?—- L4 [C’oa(_w‘:- b/a) 6052LW‘1 “") + Dun (wt - A/c) Oew L%-g) ("ob(_%-d)—
— Sen(wes D) Sen (T —=) Cos (T =) + Cos (wt + %) Seo? (W) ]
A z_V: [S-K [Cos Lu)'t ~+ b/e) foa?(% -u‘) + bew (_w{:'i' c‘/z)lf)e-n (_%-—o() (,'os (’r/[ -'o-() - (fc_ /03

= Sen(wt = %) Cos (U ) Sur (% ~) + Co5 (wk = %) Se (%) |

Finalmente la luz entra al analizador como se muestra en la figura 35.

& Ejc ,
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v
Los componentes A\"’ Y Az. son descompuestos en componentes horizontales y verti-
cales. Los componentes verticales son absorvidos en el analizador y los horizon-
tales -son transmitidos para formar el vector A :

A= @.,_,_— (A"~ A“') e 10y
Sustituyendo la ecuaciédn 103 en la 104 y simplificando: ‘
=Z K Sen % [Coa (< +wt) - M(a-uﬁ)] ' Ec.r05
La intensidad Ide la luz es proporcional al cuadrado de la amplitud, luego:
I=K 5§n2—%_-[_CobLot+wt) ~ben (u-wt)]z Ee.ro¢

Una inspeccién de la ecuaciédn 106 muestra que la extincién ( I=0) es posible cuando
5‘-'\8%“:0 o [Cos (ot4wt) - Mtd_ut)]c =0

El término [C'ode+w&)—5cn@~wt)]z no produce extincién que pueda ser registrada, va

que la frecuencia angular w de la luz es demasiada. Por lo tanto, para efectos prac-

. ticos, éste término puede ser despreciado y la ecuacidn 106 puede reescribirse como:

I-‘*B:Stna 6/2_ , &./0?‘

Debe notarse que las direcciones de los esfuerzos no producen extincién, ya que el
&ngulo o estd combinado con W€ :

Por lo tanto el polaroscopio circular elimina el patrén de Isdclinas.,
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Regresando & la ecuacién 107, es clarc «,ue I=0 cuando-Scnz-f-:o . Este hecho impli-

- M—carque—lafextincién—es*po‘sibl’«:—a’éélf)'ﬁrar_ldb_%?’ﬁﬁ,—diﬁde nzo,/, z,efc. , El tipo de
extincién es idéntico al descrito en el caso 3 del polaroscopio plano. '
La localizacién de estos puntos de extincién producen un patrén de franjas llamadas
Isocrométicas.

b.4. Efectos de un modelo cargado en un polaroscoplo circular( arreglo de campo
clarg).

Un polaroscopio circular es usualmente empleado tanto en un campo 0scuro como en
~uno claro. E! polaroscopio puede ser convertido de un campo oscuro a uno claro ro-
tando el analizador 30 . La ventaja de emplear ambos campos es que se obtiene el
doble de datos para la determinacién de Ti-T; en todo el campo. -
Recordemos que en el campo obscuro, el nimero de franja N coincide con n, y las
franjas se cuentan en la secuencia l, 2,3, etc. Com el arreglo de campo clare, ny
N no coinciden. En cambio N“'z* n. Luego con el campo claro el nGmero de linea

se cuenta en la secuencia ¥, 14} 2%, 3/,} ete.

Para establecer el efecto de un modelo cargado en un polaroscopio circular con cam=-
po claro, s6lo es necesario considerar los componentes AY y A cuando entran al
analizador con su nueva orientacién, como se muestra en la figura 36.

T Eic del Analizador
Y del Polavizadoy

Edc Q-{fido

E‘)'C. kento

Analj2adov : |
‘ FIG 36

Los componentes horizontales de A\"y A;Vson absorvidos, mientras que los compo-
nentes verticales se transmiten. El vector luz emergente estard en el plano vertical

con una amplitud dada por:
A:g.'_ (A‘V.‘. A?_’v) : ’ ’ 8(.- 108

Sustituyendo la ecuacién 103 en 108 y simplificando tendremos:
A= 2k Cosf Coo B/

\

Eec.r09
y la intensidad: o

‘ I—‘-K Co.)zu)t C:Jé.? é/a



68

El término Co’wt puede despreciarse -« las razones ya expuestas; _
I=K Cos® 7/ ' &
o ' = e /70
La extincién (I =0) ocurrird cuando
/-_i‘_.g_‘ﬁ// J' w=0,423,.....
pero de la ecuacién97:

N = ?,T J—+)7 ' Ec.rss
que implica que el orden o nimero de la primera franja observada en un polaroscopio
de campo claro es 5 que corresponde a n=0. Usando los dos campos (obscuro y cla-
ro), es posible obtener dos fotograffas de las franjas isocrométicas resultantes, Los
datos as{ abtenidos, daré&n una representacidn del nimero de franjas separadas por .
+ orden. La interpolacién entre las franjas permite a menudo una estimacién del or-
den de franja de hasta X 0.} que resulta en una aproximaci6tn para la diferencia de
los esfuerzos principales de o /{I Si se desea mayor exactitud, debe hacerse uso
de técnicas més refinadas; algunas se describirdn més adelante,

b.5, Foiograffa fotoeldstica,

En muchos anélisis fotoeldsticos, se toman fotos de los patrones de franjas Isécli-
nas e Isocroméaticas, Por esta razén es 1mp0rtante establecer los principios bésicos
de la fotografia,

Una hoja de pelicula fotografica estd preparada con un recubrimiento gue contiene
plata. Cuando este recubrimiento se expone a la luz, la plata sufre un cambio que
es distinguible permanentemente después de un proceso de revelado fotogrdfico. El
cambio es un proceso de oscurecimiento mediante la formacién de plata metélica.
La cantidad de escurecimiento es llamada densidad.

La densidad de una pelicula revelada, es simplemente una medida de la habilidad
de la plata para prevenir la transmisién de la luz, La densidad de un tipo dado de
pelfcula, es una funcién de la exposicién (intensidad de la luz X tiempo). Las ca-
racteristicas de la funcién densidad- exposicién, fue primeramente establecida -~
por Hurter y Drifrield de la manera mostrada en la figura 37. La curva de esta fi-
gura define tres caracteristicas importantes de una pelfcula fotogréfica, a saben
la densidad de niebla De , -la inercia de exposiciénEo , y la pendiente de la cur-
va dada por el nimero ¥ de la pelicula,

Cada una de estas caracteristicas es importante, y deben ser consideradas al se-
leccionar una pelfcula para un andlisis fotoeldstico,

En una fotograffa fotoeldstica, la exposicidén cero ocurre siempre que la intensidad
es cero (N o,1,2,....). Sin embargo la pelicula registra valores del rango de ex-
posicién por encima del valor de inercia®y . Es esta exposicién "muerta” la que
produce las franjas anchas cuando en teorfa son lineas.

La pendiente de la densidad vs. Log E dada por ¥ determina la extencién de la
pelicula. La pelfcula-usual tiene ¥ 1 , Este relativamente bajo valor de ¥’ da

un amplio rango de exposicién sobre el cual la pellfcula es efectiva y produce un .
negativo satisfactorio. Este hecho es importante en las fotograffas en las que el
tiempo correcto de exposicién no puede determinarse,

Para fotograffas fotoeldsticas se emplean pelfculas con valores de ¥ mds altos
(de 3 a &) ya que dan un negativo de més contraste, Esto es deseable ya que las
franjas tienden a adelgazar y se definen mejor, El tiempo de exposicién es por su-
puesto mds critico, pero puede establecerse en exposiciones preliminares.




La densidad de niebla es menos impor - e va que implica que existe una delgada

-capa-uniformemente distribuida sobre-l...pelicula,-que-absorbe-la-luz7; Estoporsu~

puesto va en detrimento de la brillantez del negativo, pero como es un factor rela-
tivo, no es objetable. |
Para la porcién lineal de la curva, densidad vs. log E, la densidad D puede expre-

sarse como:
' , D= Do+b’(.pos E—upog E,) Ee. 12
donde 0= }oa]""/l-c : _

I. :.intensidad de la luz incidente sobre un regativo revelado.

Te :intensidad de la luz emergente de un negativo revelado.,

Do :densidad de niebla= Io I‘/Ie.

1! :intensidad de la luz emergente de una parte no expuesta del negativo re-

velado. ‘

E=T¢

I :intensidad de la luz incidente en la pelfcula,

¢ :tiempo de exposicién.
Empleando las definiciones anteriores, la ecuacién 112 puede ser escrita como:

/ I7I _/051'6/1-:-»3’103 E/Eo

que puede ser reducida a
AN -V
donde § es llamado el rqdio o razén dc brillantez $= / :
De esta definicién se ve que §={ corresponde a la parte mds brillante del negativo,
mientras que §= 0 corresponde a un rea opaca.
Recordando la ecuacién 107:
I=K Sen A/z
La exposicidn para un negativo en campo oscuro serd: . . _
ExTe= KE Sen? é/z = Ey Sen® &/ Ec. 119
donde fp= k¢ es la exposmxén uniforme producida por el polaroscopio.
Combmando las ecuacmnes 113 y Ll14: _
(lgf/Ee B‘&C‘WQV A/Z _ E‘c. /N
La ecuacidn 115 describe la brillantez de un negativo que resulta de fotografiar un
modelo fotoeldstico en un polaroscopio de campo oscuro,

4

1 F16-37
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b.6. Multiplicacién de franjas por mdi «ins fotogréficos.,

‘Empleando procedimientos normales, pucden obtenerse dos fotos de un modelo foto-
eldstico (una en campo claro y otra en campo €scuro}, que permiten la determinacién
del orden de franja en la siguiente secucncia: N=o, ytj 1, %, 2, ete. ,

En algunas aplicaciones es deseable la determinacién de ordenes de franja fraccio-
narios entre los ya listados. Uste objetivo puede lograrse de diferentes maneras. En
ésta seccidn se describird una técnica fotogréfica, la cual proporciona, mediante la
superposicidén de patrones de franjas Isocromdticas ordinarias de campo claro y os-
curo, un nuevo patrén de franjas de campo mixto.

Este patrén de franjas de campo mixto, junto con los de campe claro y oscurc, permi-
te determinar el orden de franja en la secuencia O, /y, sz%' l}c}c., y representa un fac-
tor de incremento de 2 en el niimero de franjas contables.

Recordando la ecuacién 115, que describe la brillantez de un negativo obtenido en un

campo OSCcuroc: | _(E ¥ 2% .

/fcu. ~ ( S/Eo) Sen A/z Eec. 15
Combinando las ecuaciones 113 y 114 con il0, es claro que:

! : ¥ ar

/?dqro = (\ES‘/EO) CO:; A/Z 8:.//6

Multiplicando estas dos ecuaciones, gue es matemticamente andlogo a sobreponer

s dés nesativos: y?m = L‘/féoc.)(yﬁhvo): LEVE°>ZECn2rA/Z Coazra/;

que puede reescribirse como: 2y - . ‘
y?n‘: € Sewzzrb/z Cos A/z €c.ui‘

Un exdmen de la ecuacién 117 muestra que la caracterfstica del par de negativos super-
puestos est& determinado por el factor £ (que es controlado por el tiempo de exposi-
iAo 13 velocidad de la pelicula) v el factor ¥ ( que es controlado por la pelicula

.. .u=s propiedades del revelado). Si se emplea una pelfcula con ¥=41 la ecuacién

117 se reduce a: l/f’m - &% [‘___ Cos (A/c)]

Como al término & puede darsele cualquier valer controlando el tiempo de exposi-
cién, el término [i- Coa‘f(b/;)] determina las caracteristicas de los negativos super --
puestos. £l término [_I - Cosy (%)] es uno cuando %: (zhﬂ)% donde ©=0,4,2,.... indi -
cando que el patrédn de franjas se registra en N/c,, 3'%)5” ,~-COmo se muestra en la
figura 38. Luego la posicién de los ordenes de franja de 3 pueden registrarse en to-
do el modelo de una forma simple y directa.

Conforme ¥ aumenta de valor, la cantidad [ScanJ/r-) cObza’Lb/Z)] continda exhibien-
do picos en los valores de franja de 4. Sin embargo estos picos se acentlan y los va-
lles se aplanan. El uso de una pelfcula con un ¥ més alto es preferible ya que adel-
gaza las franjas y permite mayor exactitud en la determinacién de la posicién de las
franjas.
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b.7. Adeigazamiento de franjas con espejos parciales.
El ancho de las franjas Isocrométicas puede ser reducido mediante una técnica debi-
da a Post que emplea espejos parciales en un polaroscopio circular con lentes,
Los espejos se insertan en el campo del polaroscopio en ambos lados y paralelos al
modelo (figura 39),
El efecto de los espejos es hacer que Ja luz se propague hacia adelante y hacia a-
trds através del modelo en la manera ilustrada en la figura 40. Conforme la luz se
refleja hacia atrds y hacia adelante entre los espejos, una porcidén es transmitida
en cada punto de reflexién. Luego, la intensidad del rayo es progresivamente redu- °
cida. Por ejemplo, el rayo 1l es el més intenso, el 3 es menos intenso, etc.
El efecto de los espejos puede ser obtenido modificando la ecuacién 107 que es va-
lida si no hubiera espejos.
Consideremos el rayo 1 {figura 40) y reduzcamos la Intensidad debido a la pérdlda de
luz por la reflexién en los puntos A y B. Tendremos:
I.:kk\-ﬂ)z 5evp2 / I(Tlsa-o o/z (a)
donde R y T son los coeficientes de transmisién y de reflexién de los espejos,
La intensidad del rayo 3 ha pasado por dos reflexiones y dos transmisiones, luego T
Y R estén al cuadrado. También la luz ha pasado através del modelo tres veces, y el
argumento del seno ha sido multiplicado por 3 por este hecho. ?
T,;=K T*R* Dey® 30/ - )

Siguiendo este procedlmiento, la 1ntensxdad del k &simo rayo seré:

T kTR 2 x

K235 Fe . K&

/
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Las intensidades I, , Ly, Lg ) vueen ..’q se suman aritméticamente; luego la intensi-

_mdad resultante de los ravos sobrepues «:,_esté dada por 1a serie: —_

I= lzlzéR e ’KA ' &. 19

ev

Si ésta relacién se expande Yy 5 g‘?aflca como funcién de %_ la curva intensidad
contra orden de franja es la que se obtiene (figura 41). ’
Cuando esta grafica se compara con la curva convencional, se observa que las fran-
jas se adelgaéan. El ojo humano empieza a registrar una franja a una cierta intensi-
dad minima Jo; luego la funcidn adelgazada produce una franja mucho més angosta

que la funcién convencional.
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En una fotograf{a obtenida empleando este método, se observan bandas o franjas del-
gadas claras y oscuras separadas por anchas bandas grises. las franjas oscuras co -
rresponden a los valles de la figura 41 y las claras a los picos en la misma gréfica.
Las bandas grises son:procudidas por el rango medio de intensidades también mos-
trado en la figura 41. las franjas oscurac estdn ordenadas con una secuencia o,l, 2,
3, etc. y las claras con una sccuencia ‘z‘, /£ -2:. 5z eq

Luego, los datos normalmente obtenidos en campos claro Y OSCUro convencionales
est4n contenidos en una sola fotograffa si se emplean espejos parciales en un po-

laroscopio circular con lentes,
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b.8. Multiplicacién de franjas con es:-. .-;5 parciales,

Post también mostrd que los espejos parciales pueden ser empleados para multipli-
car el nimero de franjas que pueden ser observadas en un modelo fotoeldstico. -
Cuando se hace esto, los espejos son nuevamente puestos en el polaroscopio a am-
bos lados del modelo; sin embargo en esta aplicacién uno de los espejos estéd ligera-
mente inclinado como se ve ¢n la figura 42.

El efecto del espejo inclinado sobre la luz, al pasar hacia adelante y hacia atrs a-
través del modelo, se observa en la figura 43, De esta figura es claro que cada rayo
de luz que emerge del espejo, sale con un &ngulo que es funcién del nimero de veces
que ¢l rayo pasa através del modelo. Por ejemplo, les rayos |, 3, 5, 7 que han atra-
vesado el modelo el mismo nimero de veces que su nimero de rayo, emergen con an-
gulos O, .2;5, ‘/ﬁ p G;D' , ademds que los rayos no pasan por el mismo punto, '

En la practica, multiplicaciones por factores de 5 a 7 pueden ser obtenidos sin intro-
ducir grandes errores debido al promedio que es inherente en este método.

E > fve '505
§Parcidlesy
/

CQ’MC\YL

:F\Jan"le-

Loz

Len\c P l/f
FIG 42

]
Ct__h<
4 - - ‘<

2‘-—--_<

Espe;o Modelo

Pavcial

5 FIG 43

Esfeéo
_P_Qrg.t"\‘

_—



El hecho de que los diferentes rayos ¢- .uz estén inclinados diferentes &ngulos con

—respecto_al eje del polaroscopio,..perm.i:-que-cada-rayo-esté-aislado—losrayos son

recolectados por los lentes pero afocados a diferentes puntos en el plano focal de
los lentes. Cualesquiera de estos rayos pueden ser observados colocando el ojo o
un lente de cdmara en el punto adecuado.

En la préctica los patrones de Isocrométicas asociados con los rayos 1, 3,5, 7, etc.
pueden ser observados y fotografiados tanto en campo claro como en campo 0scuro.
Supongase por ejemplo que se obtienen fotograffas en ambos campos de los rayos

1,3 v 5.,

El patrén de franjas en las dos fotos del rayo | se interpretan de manera convencio-
nal, en una secuencia O, /z, , Y, ele . Sin embargo, para el rayo 3, para el cual la

luz ha pasado tres veces através del modelo, la secuencia de las franjas es o, /cJ
V3, %, %0 |

Fmalmente para el rayc 5, donde la luz ha atravesado el modelo 5 veces, la secuen-
cia seré O, /o, /5, Yo, U5, 1o, <te.

Luego la superposicién de los resultados obtenidos de estos tres rayos, es suficien-
te para determinar el orden de franja hasta en Y0 de orden sobre todo el modelo.

La relacién para la intensidad del m ésimo rayo, donde m 1,3,5, etc. puede estable-~
cerse modificando la ecuaciédn 107.

':RTZ 5e:v12 A/z
I,- KT*R" Den® 284

.12
SKTR Do’ I8/ Ce 120

L.-ETR7 Sen ™%

Luego, éste método de multiplicacién de franjas estd acompariado de una considera-
ble pérdida de la intensidad de la luz. La intensidad del patrén multiplicado de fran-
jas, comparado con el patrén convencional, est& disminuido por el término T2 ™

que es mucho menor que uno.
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c) Técnicas de Anélisis,

" c.l. Introduccién.

En un andlisis fotoeldstico convencional en dos dimensiones, se fabrica un modelo,
se carga, y se coloca en un polaroscopio, y los patrones de franjas son analizados
y fotografiados. El siguiente paso es la interpretacién de los patrones de franjas,
que es el verdadero resultado de la prueba. En esta parte del trabajo se discutirdn
la interpretacién de los patrones de franjas Isocrométicas e Isbdclinas, las técni -
cas dec compensacibn, de separacién y la escala entre los esfuerzos del modelo y
del prototipo.

c.2. Patrén de franjas Isocromético.
El patrén de franjas [socromdtico obtenido de un modelo bidimensional, proporciona
lineas a lo largo de las cuales la diferencia entre los esfuerzos principales {0,-G3)
es igual a una constante.
Cuando el orden de franja en cualquier punto del modelo ha sido establecido, es po-
sible valuar ( 0,-0z) de la ecuacién97. :

'O-a- N 'PO'/H
donde G\ y Oz son los esfuerzos principales en el plano del modelo.
El esfuerzo cortante maximo estd dado por: ‘CG'/ \,.‘

2

7ol (550 ez
si 0y yOe son de Signos opuestos ygy=o : de otra manera .
Lmdx = 7 (Gu 0_.5) % Gy >y G Y Gy Son pa.,.%—.vos & ‘22

Cqu = ?. (G:, Gz)-— z_Gz 3 G ‘30"‘5 dow weaatives
la diferencia entre las ecuaciones 121 y 122 esté representada graficamente en la
figura 44, donde se ha dibujado el circulo de Mohr para los dos casos. Cuando
Ti>0 y0z2<G3y=0, el esfuerzo cortante maximo es la mitad del valor de (6,-Gz )
y puede ser determinado directamente del patrén de Isocromaticas conforme la e-
cuacion 121, Sin embargo, cuando G, >»06e>63 =0, el esfuerzo cortante maximo
no esta en el plano del modelo y la ecuacidn 12] proporciona :p Y NO G mas .
Para establecer Gwax en este caso, es necesario determinar@, individualmente
y no {T,—-C=z). Este es un punto importante yva que la tecoria de falla del cortante
méximo se usa con frecuencia en el disefio de elementos mecénicos.
En la superficie libre del modelo, Gi o 9z son iguales a cero; por lo tanto el es-
fuerzo tangencial a la frontera puede ser determinado directamente por

G, Gz = N s/h Ec. V123

Ll signo puede ser usualmente determinado por inspeccidén, particularmente en las
4reas criticas donde los esfuerzos en la frontera son méximos.,
A lo largo de una frontera que no esté libre, por lo general se conoce la carga apli-
cada vy por lo tanto uno de los esfuerzos, digamos 0, ; sea P la carga aplicada.

Luego: T -Go=0, 47 = N&A OI G, = NE% -V | Ec. 129

donde0z2=—¥ vya que la presién aplicada se considera positiva. :
Concluyendo, es claro que el patrén de franjas Isocromiticas, una vez identifica-
do, puede ser interpretado de la siguiente manera:

1, {Q, -0z ) puede ser determinado en cualquier punto del modelo de la ecuacidn 97.
2. S8id, >0 y02<0, (C,-02) puede ser relacionado al esfuerzo cortante méximo
mediante la ecuacidn 121,

H ‘;‘

i
o
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3. 816;>6z2 > O 05si0>0,>C, , (o, -Gz) no puede ser referido al esfuerzo cor-
tante méximo y es necesario determinar ¢, y 0 individualmente y referir Emy, @

6, o a 63 , mediante la ecuacién 122,

4, Si las fronteras pueden considerarse libres (esto es si O o €2 = o)el otro es -
fuerzo principal puede ser determinado directamente de la ecuaci6én 123,

5. Si la frontera no est& libre, pero la carga normal aplicada es conocida, entonces
el esfuerzo tangencial a la frontera puede 1nterpretarse utilizando las ecuaciones -
124.

6. Si la frontera no esté libre, y la carga aplicada no es conocida, deben aplicarse

las técnicas de separacién, las cuales se discutirdn mé&s adelante, para determinar
los esfuerzos en la frontera,

c.3. Patrén de franjas Isbéclinas,

El patrdn de franjas Isédclinas obtenido en un polaroscopio plano es empleado para
dar la direccién de los esfuerzos principales en cualquier punto del modelo. En la
préctica esto puede realizarse de dos maneras. La primera es obtener un ndmero
de patrones de Iséclinas a diferentes posiciones del polaroscopio y combinar estos
patrones para dar los pardmetros de las Is6clinas sobre el campo completo del mo~
delo. El segundo procedimiento consiste en ailslar los puntos de interés y determl—
nar el parémetro de Is6clinas en c¢ada uno de estos puntos.

Hay varias reglas que deben seguirse al obtener el patré6n compuesto de Iséclinas
a partir de los patrones individuales. Estas reglas son:

1. Is6clinas de todos los pardmetros deben pasar através de los puntos isétropos
o singulares,

2. La iséclina de uno de Ios pardmetros debe coincidir con el eje de simetrfa del
modelo si es que existe,

3. El pardmetro de una Iséclina que intersecta una superficie libre, es determina-
do por la pendiente de la frontera en el punto de interseccién,
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4, Iséclinas de todos los par&metros ;. an através de los puntos de carga concen-
~ trada.
Las lineas Isdclinas, a lo largo de las cuales los esfuerzos principales tienen una
inclinacién constante, dan las direcclones principales de una manera que no es a-
preciada en el campo de la ingenierfa. Por esto es un procedimiento normal presen-
tar las direcciones principales en forma de un diagrama de Isostaticas o diagrama
de trayectorias de esfuerzos, donde los esfuerzos principales son tangentes o nor-
“males a las lincas Isostéticas en cada punto,
El diagrama de Isostdticas puede ser construido de una manera directa a partir del
patrén de Isdclinas utilizando el procedimiento descrito abajo e ilustrado en la fi-
gura 45. En esta técnica de construccidn, las trayectorias de los esfuerzos se ini-
cian en la Iséclina de 0° a partir de puntos espaciados arbitrariamente, Las lineas
marcadas 1 en la figura 45 y orientedas 09 de la normal, se dibujan através de ca-
da uno de estos puntos, hasta que intersecten la Iséclina de 10°. Las lineas (1) se
bisectan y un nuevo set de lineas (2) se dibuja, inclinadas 10° de la vertical, hasta
la siguiente Iséclina. Nuevamente estas lmeas se bisectan y otro conjunto de lineas
(3) se dibujan orientadas un &ngulo de 30 con la vertical. Este procedimiento se
repite hasta que el campo entero esté cubierto, Las trayectorias de los esfuerzos
son trazadas utilizando las lineas |, 2,3, etc. como guias. Las trayectorias de los
esfuerzos se dibujan tangentes a las lifneas construidas en cada interseccién de las
Iséclinas, como se ve en la figura 45. '
Los par&metros Iséclinos tambhién son empleados para determinar los esfuerzos cor-
tantes en un plano arbitrario definidc por un sistema coordenado oxy. Recordando el
hecho de que los pardmetros Isdclinos dan las direcciones entre el eje x del siste-
ma coordenado y las direcciones de J, o ¢, v recordando el circulo de Mohr y las
ecuaciones de transformacién de esfuerzos en funcién de los esfuerzos principales,
es claro que: Tt e — Ci-Ge
X?f -
dondc © es el &ngulo entre el eje x v la dlrecc1<‘m de 0‘. dado por el pardmetro de la
Iséclina. También:

5:.\'\ 1Te= —":l__.{ﬁ—.-bgnze h 8C. 125

xy = = Sev 2.6, Sen 20, €126
donde @&, es el &ngulo entre el eje x y la direccién de T dado por el pardmetro de
la Iséclina.
Ei uso combinado de los datos de las Isocromdticas y las Iséclinas representado
en las ecuaciones 125 y 126 permite la determinacién de éxy . Este valor de C.( es
usado en la aplicacién del método de diferencia de cortantes ( que se veré poste-
riormente ) para la determinacién individual de los valores de O, v @, .

c.4, Técnicas de compensacion.

El orden de las franjas Isocrométicas puede ser determinado hasta en 4+ de orden
empleando los patrones de franjas de campo claro y de campo oscuro. Una ma -

yor exactitud en la determinacién del orden de franja puede hacerse usando cam-
pos compuestos o usando el método de Post para la multiplicacién de franjas.

Sin embargo cuando se necesita una mayor exactitud deben usarse técnicas de com-
pensacidén de punto por punto para establecer el orden de franja N. Aqu{f se discu -
tird el mas comin de estos métodos, el método de Tardy.
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Método de Compensacién de Tardy:

El método de compensacién de Tardy es muy usado para determinar el orden de franja
en un punto arbitraric del modelo. En éste método no se requiere equipo auxiliar yel
analizador del polaroscopio sirve de elemento compensador.

Para emplear el método de Tardy, el polarizador del polaroscopio se alinea con la di-
reccién de Gy del punto en cuestién, y todos los demés elementos del polaroscopio
se rotan para obtener un campo oscuro. En esta posicién del polaroscopio, se cumple
el andlisis presentado en la seccién b.3. con el 4ngulo ™ igual a cero; por lo tanto

las eguaciones 103, que describen la luz emergente de la segunda placa cuarto de on-
da, pueden ser escritas como:

A\ = D—-K{_Cos(mi é—)-t'seth& A—-) 5anwﬁ+ =.)+0°5L‘U{*‘-)] i

A;:—. Ei.l k [eoa(_ut+%'-)*‘5d\a (w{-_+%) "SOant-%)'i'eOb(U‘:-%)]
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gue pueden reducirse a:

AV: Tk Copwt(trsd - 5eund
AYs B kosswt (Cos & + Send)

Ahora consideremos los componentes de la luz entrando al analizador como se mues-
tra en la figura 46, y determincmos el dngulo ¥ através del cual hay que rotar el a-
nalizador para obtener la extincién {esto esq,=Qz ). la amplitud de los componentes

de la luz que pasan por el analizador est& dada por:

A= A: C)Ob(% -\-5) “A\‘I@ob LIE "X) _ Ec.i1z25

Si ¥ se selecciona de manera que A sea cero, Yy sustituyendo la ecuacién 127 en
128, se obtiene:

(Cos 4 +5e0 L) (Cos ¥~ Sen &) — (Eo3 & =Senl ) (Cosr+ Sen¥) =0

que se reduce a; A .
Yen (& ~¥)=0 €c.129

La expresidn Sen(%--b)ao cuando &, —¥=nT, donde n=0,},2, ....; de manera que el
orden de franja N en el punto de interés est& dado por: )

N= AA'ﬂ-=YI+ 5’/11‘ €. 130
Para utilizar la ecuacién 130 en el método de Tardy, el valor de n se determina por
la posicidn del punto de interés relativa a el patrdén de franjas Isocromdaticas en el
campo oscuro. Para ilustirar este hecho consideremos el patrén de franjas hipotéti-
co y los puntos de interés mostrados en la figura 47, '

8«:.1&’

FI1G 46

El punto P, que est§ entre los ordenes de franja 2 v 3, el valor asignado a n en ese
punto es 2. Conforme el analizador es rotado un angulo ¥ , la franja de segundo or-
den se mover4 hacia el punto P, hasta que se obtenga la extincién. El drden de franja
del punto P, sera N= 2+ ¥y . Para el punto P el valor de n se toma también como
2, v el analizador es rotado un angulo ]" hasta que la franja de segundo orden pro-
voque la extincién, dando un drden de franja de N= 24 l"/11‘. En este caso n pudo ha-
berse tomado como 3 v el analizador rotado en la direccidn contraria un dngulo—¥z,
hasta que la franja de tercer Srden produzca la extincién en el punto .. En este ca-
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1

~ha-sido-evaluada, su influencia_en,,el_e,:,:i.mi_erzo_prihcipal_méxirhO—esfu-Sualmente—me-
nos del 7%. ’

La segunda excepcién de las leyes de similitud es cuando el madelo fotoeldstico
sufre una distorsidén apreciable bajo la accién de la carga, ya que esto altera la -
distribucién de los esfuerzos.

Como el modelo fotoelastico puede diferir del prototipo respecto a la escala, espe-
sor, y carga aplicada, -asi como las constantes elasticas, es necesario extender
este tratamiento para incluir las relaciones de escala. Mucho se ha escrito respec-
to a esto, empleando nimeros adimensionales y el teorema It de Buckingham;sin em
bargo, en la mayoria de las aplicaciones fotoeldsticas, relacionar los esfuerzos del
modelo al prototipo es relativamente simple cuando los nimeros adimensionales per-
tinentes pueden ser escritos directamente. Por ejemplo, en el caso de un modelo bi-
dimensional con una carga aplicada P, el nimero adimensional para los esfuerzos es
G‘M/p y para los desplazamientosSEh/P .

Luego los esfuerzos del prototipo pueden escribirse como:

P
Te= 5. }ﬁ'—’;‘ '%’—': Cm 129

y los desplazamientos del prototipo como:

p Em }_‘__'f"_
Sp= i:z,:, Ep hp S : : Ee.1q0

donde O es el esfuerzo de un punto dado.

& es el desplazamiento en un punto dado,

P es la carga aplicada.

h es el espesor,

4 es una longitud tipica.

los subindices p y m se refieren al prototi;jo y al modelo respectivamente,
Concluyendo, el médulo de elasticidad no se considera en la determinacién de la -
distribucién de los esfuerzos, amenos que la deformacién cambie la distribucién de
la carga (esfuerzos de contacto por ejemplo.) También el médulo de Poisson no nece,
sita considerarse cuando el cuerpo sea simplemente conexo y las fuerzas de cuerpo
no existen o son uniformes. '

d) Materiales fotoel8sticos para aplicaciones bidimensional es.
d.l . Criterio para la seleccidén de materiales.
Uno de los aspectos mas importantes en el andlisis fotoeldstico es la seleccién del
material adecuado para el modelo fotoeldstico.
Desafortunadamente n¢ existe un material perfectamente fotoeléstico y el investiga-
dor debe seleccionar de la lista de materiales disponibles el que m&s se adapte a sus
necesidades. ' o
La siguiente lista da las propiedades que el material fotoel&stico ideal deberfa tenen
1. El material debe ser transparente a la luz que se usa en el polaroscopio.
2. El Material debe ser muy sensible a los esfuerzos y deformaciones , indicado
por un bajo valor de-Pu— o ¥e
3. El material debe tener propiedades lmeales con respecto a
Relaciones esfuerzo deformacién.
Relaciones esfuerzo- orden de franja.
Relaciones deformacién - orden de franja.
4. El material debe ser isétropo y homogeneo tanto mecénica como épticamente,
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5. El material no debe fluir exc- sivamente. |

6. El material debe tener un aito médulo de elasticidad y un elevado esfuer-
zo ultimo,

7. La sensitividad del material (esto es ‘pG‘ o -Pc, ) no debe cambiar mucho
con las variaciones pequeias de temperatura, ? :

8. El material no debe exhibir efectos "time-edge"

8. El material debe poderse maquinar convencionalmente.

10, El material debe estar libre de esfuerzos residuales.

1}, El material no debe ser demasiado caro.

1. Transparencia, .

En la mayorfa de las aplicaciones, los materiales escogidos son.plésticos transpa-
rentes. Estos plasticos deben ser transparcentes a la luz visible, pero no deben ser
claros como el cristal, En ciertas aplicaciones especiales que requieren el estudio
de materiales normalmente opacos, un polaroscopio infrarojo es lo que se emplea.
Unos pocos materiales son transparentes en las regiones ultravioleta o infrarcja.
Pueden construirse polaroscopios que operen en estas regiones cuando se necesiten
. longitudes de onda muy largas o muy cortas. Sin Embargo para el anélisis de esfuer
zos la luz visible es la m&s adecuada,

2. Sensitividad. N
Frecuentemente se desea un material altamente sensitivo ya que esto incrementa el
nimero de franjas gue pueden ser observadas en el modelo. Si el valor de 'Pc para
un material es bajo, se puede obtener un patrén de franjas satisfactorio con relati-
vamente bajas cargas. Este hecho reduce la complejidad de los sistemas de carga
vy la distorsiédn del modelo.

Materiales fotoelésticos con valores de '?0‘ desde menos de 0,2 hasta mis de ---
2000 psi-in, esté&n disponibles. Con respecto a los valores de '?‘E. , la situacién no
es tan satisfactoria, ya que los materiales con un valor suficientemente bajo de 'Fc,.
aln no estdn disponibles. {Los valores usuales de 435, estédn entre 0,0002 y 0,02
in}. }

3. Linealidad.

Los modelos fotoeldsticos son normalmente empleados para predecir los esfuerzos
que ocurrir&n en un prototipo de metal. Ya que una escala modelo -prototipo debe -
ser usada para establecer los esfuerzos del prototipo , el modelo debe exhibir pro-
piedades lineales de esfuerzo~deformacién , esfuerzo-6ptica, deformaciones-éptica.
Muy poco hay en la literatura sobre las relaciones deformacién-6ptica; sin embargo
como el método fotoeldstico es usualmente empleado para determinar diferencias de
esfuerzos, este hecho no es demasiado serioc. Curvas tfpicas esfuerzo—~-deformaciédn
y esfuerzo-orden de franja se muestran en la figura 50, para mostrar el comportamien
to caracteristico de un material polimero fotoeldstico, La mayorfa de los polfmeros
exhibén curvas lineales en la porcién inicial de la grafica; sin embargo a valores al-
tos del esfuerzo, el material se comporta de manera no lineal.
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FIG 50

4. Isotropfa y Homogeneidad.

Muchos de los materiales fotoeldsticos son preparados de polfmeros liquidos y va-
cidndolos entre dos placas de vidrio gue forman el molde., Cuando el material foto-
eldstico es preparado mediante este procedimiento, las cadenas moleculares del po
Ifmero se orientan aleatoriamente, y los matecriales son esencialmente isétropos y
homogéneos. Sin embargo, algunos materiales son rolados o estirados durante el
proceso.En ambos casos las cadenas moleculares se orientan en la direccién del rg
lado o del estirado. Estos materiales exhibirdn propiedades no isotrépicas y no de- '
ben ser usados. ’

5. Fluidez. . _
Desafortunadamente, la mayoria de los materiales con base de polfmeros fluyen tan
to mec&nica como épticamente en el perfodo de el an4lisis fotoeldstico. Debido a
ésto los polimeros no pueden ser considerados realmente como materiales elésticos,
sino como viscoel4sticos.,

Urnio de los primeros intentos para formular una teoria matemética de la fotoviscoe-
lasticidad fué& hecha por Mindlin considerando un modelo viscoelastico generaliza-
do consistente de m elementos eldsticos con un mddulo cortante &y (y.: l,zj....’m)y

m elementos viscosos con un coeficiente viscoso 'ZK (_K-_l'z e fn)vease figura 51.
Asumiendo que los efectos fotoeldsticos resultan solamente de la deformacién de
los elementos elésticos del modelo , Mindlin mostré que el retardo relativo, expre~

sado como (n,—'n,_) puede relacicnarse con los esfuerzos y las deformaciones como:

(wi-n2) Cos 28, =R Y_UT--G":) Cos 205]+ 29 L(e'"f'-)c“"aee] Ee. 1y

donde:

Para un modelo estandard de 4 elementos (fiqg.

n,-n, es elretardo relativo.

Sn, ©¢, S SON los &hgulos entre los ejes 6pticos principales, los esfuer-
z0s principales, las deformaciones principales, y el eje respectivamente,

R ! < son operadores lineales del tipo que relaciona esfuerzos y de~
formaciones en la teorifa viscoeléstica.

L
UL

n°3 [C‘ & C"C
P 11+
4 \LG&y c,-,_(

NP, &
o= 46, dt

R:

51) , estos operadores son;

e d

& 4|

e",. P Fd
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donde; Cy 4 Cz Son las constantes . v2lésticas para los resortes 1 y 2 del modelo
GiwGg SON los médulos cortantes para los resortes 1 y 2 del modelo,
r?,_' g son los coeficientes viscosos del modelo.
Puede verse de la ecuaciédn 142 gue la respuesta fotoeléstica de un modelo de 4 ele-
mentos se debe a los esfuerzos, la rapidez de deformacién, y la variacién de los es
fuerzos con respecto al tiempo. Para el modelo de tres elementos de la fig, 51 los -

operadores pueden expresarse Como: .
_ e S = 1o Ee. 793
=2 __ (<, —-C = C=2

R= 3% =) 2

Estas ecuaciones muestran que la birrefringencia es debida a los esfuerzos vy las de-
formaciones, pero es independiente de su variacién en el tiempo. Coker y Filon en-
contraron que el material ilamado xylonita sigue este modelo viscoeldstico particu-

lar,

FI1G 5!
/8
}
G N Modelo de 4 Modelo de 3 € lemenhs
_; ' | ‘ G
Ge i,
1= a
v
: Modelo de Hodelo de -
Modelo Genevalizady K_'-‘-‘Ui'n Marwel
Para el modelo de Kelvin, los operadores se reducen' a: .
R=0 |
o= 12 ¢, Ec. 14



-—FEsta-eccuacibn -muestra que el ‘efecto foionldstico- es- funcitn solamente de la diferen-
" cia de deformaciones.
Finalmente para el modelo de Maxwell los operadores son:

- ﬂ“ C‘ S:O ..
K ‘1 G & 198

Estas ecuaciones muestran que el efa,cto fotoeléstico puede ser expresado como fun-
cién de los esfuerzos unicamente.

Luego es claro de la discusién anterior, gue la interpretaciédn de los efectos de los
esfuerzos, las deformaciones y sus variaciones con el tiempo, sobre los patrones de
franjas, depende del tipo de modelo que mejor se aproxime al material fotoeldstico
bajo consideracién.

Afortunadamente los materiales fotorlésticos comunmente empleados exhiben una pro
piedad importante, a saber, que los esfuerzos y las deformaciones que varfan con la
posicién y con el ticmpo, pueden representarse por el producto de dos funciones: --
una funcién exclusiva de las coordenadas y otra funcidén exclusiva del tiempo, como

se muestra abajo: 0“3‘ Lx'«a‘{.) =0, u) -ﬁ({:)

€% (x,9t) = €0 9) W) Ferve
Cuando se toman las ecuaciones 146 puede demostrarse que:
On=8g=8¢ Ec. 1y
Ne-n = C.Qt)(_m—d’l) : Ec. 148
hez -1, = (&) (& ~€2) | _ €c. 199

donde'

Co=RU®]+golaw] - . 0-0
2(&,-€2)
cl@)= Ger BW]r S 3w ]

Lo que esta serie de ecuaciones implica, es que las ecuaciones 97 y 99 pueden re-
escribirse en la siguiente forma:

cr.-az:' N/\, fole)
&-Ep2 !\n '?EL'(‘-)

"donde ‘Po‘ 9 ?e estén escritas como funciones del tiempo en vez de como constan—
tes.
Asf los materiales fotoelasticos que exhiben propiedades viscoeldsticas pueden ser
empleados en el anélisis de la distribucidén de los esfuerzos eldsticos st fc o ,P{_
son determinados como funcidn del tiempo. El procedimiento normal es calibrar el
material fotoeldstico como funcién del tiempo y graficar «?q- vs. tiempo, como se i-
lustra en la fig7 52.. Inicialmente el valor de g decrece rapidamente con el tiempo

" pero después deuna hora, los cambios en 4 ¢ son muy pequenios en el perfodo de --
tiempo requeridd para fotografiar el modelo. En la practica, un modelo fotoeldstico

- es cargado por una hora aproximadamente, luego es fotografiado y el valor de ‘VU' co-
rrespondiente a la calibracién de una hora es usado en el anélisis.

Ec./50
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6. Médulo de elasticidad v esfuerzo dltimo.

_El médulo de elasticidad es importante en la seleccidn de un material fotoeldstico
porgue el mddulo controla la distorsién del modelo debide a los esfuerzos aplica-
dos. Si un modelo se distorsiona apreciablemente, la geometria de su frontera cam-
biard y la solucién fotoeldstica ya no seré la adecuada. Errores de magnitud consi-
derable son producidos por la distorsién del modelo, donde los cambios en la fron-
tera influencfan la determinacién de la distribucién de esfuerzos. El factor que pue-
de usarse para juzgar la habilidad del material para resistir la distorsién es ’/.?g_ o
E/&- G+9¥) . Los mejores materiales para resistir la distorsién, exhiben altos valo-
res de ‘P, .

El esfuerzo ultimo de un material fotoeldstico es importante en dos aspectos. Prime
ro, un material con un alto valor del esfuerzo Gltimo puede ser cargado a un nivel -
més alto sin arriesgar la seguridad del modelo. Segundo, un material con un alto -
valor del esfuerzo Gltimo puede ser empleado para producir un patrén de franjas de
mayor 6rden. El esfuerzo Gltimo o el limite lineal del esfuerzo se relaciona a la sen_
sitividad del modelo. El indice de sensitividad S est4& dado por:

S = / &.181

dende @ es el limite lineal o el esfuerzo altimo segin cual sea el menor.

7. Scnsitividad a la temperatura.

Si el valor de franja del material en término de los esfuerzos cambla marcadamente
con la temperatura, pueden introducirse errores en el anélisis fotoeldstico por los
cambios-de temperatura, Una curva tipica que muestra las caracteristicas generales
del cambio del valor de franja con la temperatura se representa en la fig. 53.Para-
la mayorfa de los poifmeros hay una reqién lineal de la curva donde?g—decrece len-
tamente con la temperatura. Sin embargo & una temperatura suficientemente alta u-
sualmente por encima de 150° F, el valor de cg-empleza a caer rapidamente como
funcién de la temperatura. En este rango de temperaturas, una fase del polimero se
vuelve menos viscoso, vy como consecuencia el valor de -Pq— se influye apreciable-
mente, Para fotoelasticidad convencional en dos dimensiones a una temperatura en
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_ tre_70. v.8 OO_,E—_la-p_én('ﬁ-iente-cicfla-curv.. —laTregidnTlineal es la caracter{stica impor

tante. Afortunadamente la pendiente de la curva es usualmente modesta, de manera
que el cambio producido en el valor de }’u- por las variaciones de temperatura del -
@]
" cuarto durante la prueba (usualmente menos de X 57 F), pueden ser despreciados.

' FIG 53
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8. Efectos "time- edgea”. .

Cuando un modelo fotoeldstico ¢s maquinado de una hoja de pl&stico y es examinado
sin carga como funcidn del tiempeo, s nota que se induce un esfuerzo en la frontera
que produce franjas paralelas a la frontera. La influencia de estos efectos en un ané_
lisis fotoeldstico es muy importante. El patrén de franjas observado, es debido a la
superposicién de dos estados de esfucrzos, uno debido a la carga y otro debido a -
los efectos-"time-edge". Como los esfucrzos debido a el efecto "time-edge" son -
predominantes en la frontera, los errores introducidos por estos efectos son demasia
do grandes en la determinaci6n de los extremadamente importantes esfuerzos de fron_
tera. .

Se ha establecido que los efectos “time- edge" son causados por la difusién del agua
del aire en el plastico o viceversa.

Para muchos pldsticos fotoeldsticos, el proceso de difusién,es tan lento a la tempera-
tura ambiente que requiere muchos afios para llegar al estado de equilibrio. Por esta
razén un modelo recien maquinado estard usualmente en condiciones de aceptar agua
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“del aire y los efectos "time- edge” eu.. ~wardn a revelarse. La rapidez a la cual es~
tos efectos se presentan depende de la humedad relativa del aire y de la temperatu-
ra. Las pruebas realizadas a humedades relativas mayores del 80% son diffciles, ya
que el efecto "time—~edge” es muy alto en 2 o 3 horas. Para la mayorfa de los mate-
riales fotoeldsticos deben seleccionarse dfas relativamente secos (humedad relativa
menor del 40 o 50%) v fotografiar tan répido como sca posible.

Las resinas epéxicas son diferentes a los otros materiales fotoeldsticos, ya que su
condicién de saturaciédn puede alcanzarse en 2 o 3 meses, Para estas resinas es po
sible maquinar un modelio bidimensional de una hoja de material que haya sido man-
tenida a una humedad constante por varios meses de manera que haya alcanzado su
estado de equilibrio. Iiego, si el modelo es probado bajo esta misma humedad cons-
tante el efecto "time-edge" no se presentara. :

9. Maguinabhilidad. _

Los materiales fotoeldsticos deben ser maquinables para fabricar los complejos mode
los usados en el andlisis fotoeldstico. -

La accién de una herramienta cortante sobre el plastico, produce frecuentemente ca-
lor asi como fuerzas relativamente altas de corte, Como consecuencia pueden apare
cer esfuerzos en las fronteras lo que hace imposible un buen anélisis fotoeldstico.
Al maquinar modelos fotoelésticos deke tenerse cuidado de no producir grandes fuer-
zas o generar mucho calor. Esto puede hacerse empleando herramientas con recubri-
mientos de carbono, enfriamiento con aire y cortes pequefios con una velocidad de -
corte mas ¢ menos alta, Para modelos bidimensionales se recomienda emplear un --
Router fig, 54

10. Esfuerzos residuales, -

Los esfuerzos residuales se provocan a veces en el proceso de vaciado del mate-
rial. Pueden observarse simplemente poniendo el material en el polaroscopio y vien-
do el nimero de franjas que aparece. La presencia de esfuerzos residuales en un mo
delc fotoeldstico es muy nocivo ya que se superponen a los esfuerzos reales produ-
cidos al cargar el cuerpo, v esto introduce serios errores en el anélisis.

En ciertos casos es posible reducir el nivel de los esfuerzos residuales templando
la hoja de pldstico en un bafio de aceite caliente, sin embargo es imposible anular
los totalmente, '

11. Costo del material

El costo de los materiales mas comunmente empleados en fotoelasticidad van desde
$2 hasta $20 délares la libra siendo los mé&s baratos el grupo de fenol formaldehidos
y los més caros las resinas. Normalmente el costo del material para el modelo re-
senta un muy pequeiio porcentaje del costo total de la investigacién.. Por esto el cos
to del material no debe ser obsticule y debe seleccionarse el mejor material dispo
nible. Muy pocos modelos bidimensionales requieren més de una libra de material.
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d.2. Conclusiones dc _la scleccidn del material.

Un sumario de las propiedades 6pticas y mecénicas de cinco materiales fotoelds-
ticos se presentan en la tabla 3. Un exdmen de esta tabla muestra que la resina
epdxica es la que més se acerca a las propiedades ideales de un material fotoe-
lastico. El material Catalin 61-893 también es bueno, pero los efectos "time -~
edge"” y su escaces en grandes cantidades no 1o hacen muy deseable.

El Castolite, libre de efectos "time-edge" lo hacen deseable para clertas apljca-
ciones, y la altamente pulida superficie del CR-39 no puede ser ignorada en apli-
caciones donde los efectos de Creep o la fluidez sean importantes, Finalmente,

la gomade uretano puede ser ventajosa en fotoelasticidad dinamica y para la pre-
paracién de modelos de demostracién.

Pl ]
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d.3. Métodos de calibracién .

Para determinar la distribucién de esfuurzes acertadamente, se requiere una calibra~

ciérn cuidadosa del material, sobro todo del valor de franja del material Po . Aun-

que los valores de {s presentados en la tabla 3 son razonablemente ciertos, los va-
lores de franja de los materiales varfan con ¢l vroveedor, la temperatura, la edad,

etc. Por esta razén es necesario calibrar cada hoja del material en el momento de

la prueba. Aquf presento dos métodos de caiibracién igual de simples y exactos.

En cualquier técnica de calibracidn se debe seleccionar un cuerpo para el cual la -

distribucién teérica de los esfuerzos sea conocida. Preferentemente el modelo de-

be ser facil de maquinar vy de cargar. El mcdelo de calibracién es cargado en inter-

valos y el érden de franja y la carga anotados. De estos datos, el valor de franja

del material puede ser determinado. :

Considere primero un espécimen bajo tensidn teniendo una anchura ufy un espesor
h, que es comunmente usado para calibraciones,

El esfuerzo axial inducido en el espécimen por la carga P puede expresarse como:

P T = .
- — =0
0= wh J 2 8:./53
Sustituyendo la ecuacién {1252 en la ecuacién 97 se tendré -
' = N vy ’ P & s
rr— - —— o 3
£ : K fo= W

Esta ecuacidn muestra que el valor de -pd‘ obtenido del espécimen a tensibén es total-
mente independiente del espesor h. En la practica, se grafica una curva de P como

funcién de N (fig. 55), para 5 o 6 puntos diferentes. La pendiente de la linea recta

dibujada a través de estos puntos €5 usada para el valor deP/N en la ecuacién 153.

El disco circular cargado bajo compresidn diamctral es también empleado como mo-

delo de calibracién. El disco circular es algo més facil de maquinar y de cargar que
el ecspécimen a tensién, ademas, si se rcquicre pueden obtenerse varios puntos de

calibracién de una scla carga con este tipo de aspécimen.,

ol

1o

FIG S5

Cavga Aphica do P
o>
o)

1 L ' A i i A 4.

Orden de FF‘?»J:«_, N

‘La distribucién de esfuerzos a lo largo del diémetro horizontal { o sea ys0) esté da-
da por:
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| i |
R k= ‘: D"‘+‘H¢

Ec. 15Y

-\
U‘.azfz.’- “HDX_(D+‘1’Z)Z ]
3=0°

donde D es el didmetro del disco. _
x es la distancia a lo largo del didmetro horizontal medido desde el centro
del disco. )
h es el espesor del disco.
La diferencia entre los esfuerzos principales es:

-Gz ge DY-9pix? - Nfs L 156

Tho (0%+92%)F h
e D' -9t 2?
e

= FON (Oz-f-‘f)ﬁ')z' é‘c./a"G

La ecuacidn 156 puede ser empleada para calibrar materiales fotoeldsticos si una -
carga simple P es aplicada al disco. En este caso el érden de franja N es determina
do como funcién de x a lo largo del di&@metro horizontal. Estos valores de N y x son
sustituidos en la ecuacidén 156 para dar varios valores de £ , que se promedian pa-
ra reducir los errores en la lectura del orden de franja.

Sin embargo s mas comin usar el centro del disco como punto de calibracién y va-
rios valeores de la carga se aplican al disco. :

Para este caso la ecuacién 156 se reduce a:

fr= Tro N
De nuevo se observa que el valor defy es independiente del espesor del disco h.
El valor de P/N sustituido en esta ecuacién se determina graficando varios puntos
de P vs. N vy estableciendo la pendiente de esta linea recta,

&e.

s



86

e) Lacas Birrefringentes,

e.l. Introduccién. . .

En csta parte del trabajo, un drea espccial de la fotoclasticidad serd discutida, la
cual difiere, en cierto grado, de las aplicaciones més convencionales discutidas
anteriormente. Este topico especial son las lacas birrefringentes, en donde une del-
gada capa de pldstico fotoeldstico se coloca en la superficie de un espécimen me-
tdlico. Cuando el espécimen es cargado y deformads, la laca fotoelédstica responde
v e! patrdén de franjas resultante cbservado en un polaroscopio de luz refiejada, pue~-
de ¢or interpretada en tirminos de las defurmaciones superficiaies del espécimen --
metSlico. Aunque este método fué iniroducicdo hace aproximadamente 30 afnos, ha si-
do ¢n los Gltimos anos que ha tenido gran publicidad, y que sus aplicaciones se han
extendido.,

e.2., Laeas Birreiringentes,

El método se basa en la union de una delgada hoja de plastico fotoeldstico a la,su-
pverficie de un espécimen metélic¢o. La laca birrefringente actia, en efecto, como un
“strain gage", y permite la determinacién de la diferencia de las deformaciones prin-
cipales sobre una cierta superficie. La aplicacién del método se ilustra en la figura
56, donde dos técnicas diferentes para observar el patrén de franjas en la laca estan
representadas.

~~ Espécimen B
A A s
E;pelo
p.' l'-.\
— ]
F’U.“‘e P‘A 2“1.‘ A K . CCLMVQ . T L
de
)‘~U‘, ————-——-——.-——%
5upz-?idefL_‘ —_— L.A
Replaicmie ¢
: e
FIG 56 Foenie
vz

Cuando el espécimen se carga, los desplazamicntos superficiales del espécimen se
transmiten a la laca birrefringente si la union entre ellos es adecuada, conforme la

laca responde a estos desplazamientos transmitidos, se inducen esfuerzos y una--

birrefringencia asociada. La observacidon de la laca mediante un polaroscopio de re-
flexién proporciona un patrédn de franjas que se relacicna con las deformaciones su-
perficiales del espécimen. |
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Si se asume que la laca es lo suficielr onte delgada, entonces_las:defortnaciones
e - . Ny . e e
--que-ocurren en_la superficie-del espéctiicn se transmiten a la laca sin ninguna dis-

" torsion. Con esta suposicién queda claro que;

Ga=Ga = en ambos, espécimen y laca.
. < > ' .
ECx, 9) =€, Ua) , o (g =& (1 g) & 159
donde el sistema de coordenadas es el definido en la figura 57. ' -

ryd

FIG 57
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De la ley de Hook: €l°= -;;5 &Cl-,"’- Qa.Gza) < Eec L ! Yo 6. )
| fo. LG RG2S TE-Re)

Sustituyendo las ecuaciones I58 en é&stas ecuaciones anteriores podemos obtener:

a —l—q
"L LGI‘."—-QbG}.S):'L' LGC-%O_&C) J (G.?-S'Qa 6-!5) ':'I__'k(flc‘v‘- G.Ie) CPC /60
Estas scuacicnes pueden resclverse para gc ¥ o‘ﬁcomo mgue

<= 2:.-:6—-—-—- [_(.\ \JQ.XJ;)G} -i-L\l 95)61 1
G-L‘a m Lkl 9(.‘. p;)@z +(.\)c, v5)6| ]

que expresan los es rzos de la laca en términos de los esfuerzos en el espécimen,
Restando las dos relaciones dadas en las ecuaciones 161, tenemos:
' < 'l EC ! 2 95 G .5~ G2 5 8
- = -0 .
Gt Gz_ Es 14 Ve (. \ ) c. /762

Una inspeccidn de la ecuacién 162 muestra gue la diferencia de los esfuerzos prin-
cipales actuantes en la laca (6.~ G3¢) esté relacionada linealmente a la diferen -
cia de los esfuerzos principales actuantes en la superficie del espécimen (0>-G2% }.
Las constantes eldsticas & , £s, Yo, y Vs, influencfan la magnitud de (%65 ).
La respuesta fotoeléstic; de la laca se relaciona a {G,¢“- G2) empleando la ecuacién
< C - L‘:. - E&. l "'\)3
G;‘Gl - Qh "'E; l+\? LGSG‘:S)

y la diferencia de los esfuerzos principales en el espécimen est& dado por:

Ec.. /579

ec. ’6/

Ee./63

E Tas N &
Glb_ Glsz -Eb: 14 QL; 3 \1 ec- /69
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Es claro que G\*-G62* puede ser det:  .nado por la observacién del patrén de iso'-
croméaticas en la laca b1rrefrmgentc si 2y, Ec, ))_-,, ){-_ . -E(,- . v W, son conoci -
das. En algunos casos puede ser preferible-trabajar en términos de las deformagio-
nes ¢n lugar de los esfuecrzos. Esta transformacién es muy simple va que se ha a-
sumido que &£« £,z £>- &7 luega

£,° -g> Nre - "T\PC-)_PG. ‘ ‘ . &-f‘é-a_

_ 2h 2\1 .
Usando la ecuaciédn 165, la laca birrefringente puede ser empleada como un “strain
gage" para dar la diferencia de las deformaciones principales (&,® -6;’ }. La ecua-
cién !65a se representa <de una manera diferente por los fabricantes de la laca para
permitir la conversién del orden de franja en la diferencia de las deformaciones ~-
principales sin importar la longitud de onda de la luz empleada para examinar la la-
ca. La forma alternativa de la ecuacién 165 a es;

65-__.‘:1_——-- €¢)¢56
B I &

donde W= l/fa

En esta expresién la longitud de onda de la luz se expresa en micro pulgadas.

e.3. Sensitividad de las lacas birrefringentes.
El térinino sensitividad de esfuerzos 5;esta dado por:

ceo N _ah Ec 1xVs Ec.rcc
o 05 - g.s '—-EE'_ Es |- Ye

y, similarmente, el término sensitividad de deformaciores 6;est3 dado por:

. N 24 _2h _Ee

%(-. = £,° - &, - ‘?—&_ - 'f; \.‘\'\?r.. €. re?
Una inspeccién de las ecuaciones 166 y 167 desde el punto de vista de los par&me-
tros deo la laca, indica que h , 26- . Ec., ¥ Yo . controla los dos factores de sen-
sitividad. Queda claro que la sensitividad se incrementa linealmente con h. Sin em-
bargo no siempre es posible incrementar h arbitrariamente hasta que se obtenga la
suficiente sensitividad. Como veremos més adelante, el incrementar el espesor,
produce un efecto de refuerzo_, v en algunos casos distorsiona el estado de esfuer~
z0s através del espesor de la laca. Los parémetros del material de la laca que in-
fluencian los factores de sensitividad pueden ser agrupados como:

QC-___ Ec.. ‘
¥ Ve F ?s Ee. 162

donde QQ°se llama figura de mérito de la laca.

La figura de mérito de la laca @€ pucde cmplearse efectivamente para medir la uti-
“lidad de los materiales polfmeros disponibles para aplicaciones de lacas birrefrin-
gentes.

Los méritos relativos de varios materiales basados en el valor de Q se muestran en
la tabla 4. Los epoxis vy la Catalin 61-393 son mé&s sensitivos que las lacas comer-
ciales conocidas como Fotostress 8, Es también interesante notar que el vidrio, es
tan sensitivo como las lacas polfmeras comercialmente disponibles hoy en dfa.
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e = Tably—y
" 5 . < i
Material {,& ‘i e /ee
El“")" Ae® X077 S 9o
EPO*Yr 128 x10~Y S 6/0
Epoxy'” 1.83 X0 ¥ & y&0
—v -

Catalin 6|- 873 131 A IO 5" 250
FO‘}O 5*1355 S 2.58 X ;o_y 2 Y&o
CR-- 39 503 X 0¥ ;s 0
Vidrio .q xw0 7 6 = S

* ERL-232Y, IO partes Por 100 da enhidrido pPentsiica
TCibq, 6020, &0 Fq,-fr.s per re0 de anh drido yrr /q'/:'(o,
e ERYL -2379, HEX Penddlico Esdqudard -
§quq_ flus verde (= 5 ¥4/ A)

La anlicacidén de las lacas birrefringentes al problema general en el andlisis experi-
menial de esfuerzos, esid comunmente limitado por la baja sensitividad inherente del
métcdo. Para ilustrar este punto, consideremos un ejemplo en el cual una laca, diga-
mos rhotostress S, se une a un espécimen de acero.

Las constantes eldsticas pertinentes relacionadas a este problema son:

Fo = 30x10%psi.

VYs=0.3
£.=0.420x10%psi.
Ye= 0.36

£5- 78 psi-in.
h= 0.10 in,

Sustituyendo estos valores en la ecuacién 166 tendremos:
3 N - -5

O = Svcs 39 X0 |
El resultado de este simple célculo claramente indica que la respuesta de la laca bi-
rrefringente es limitada, v que la laca tiene suficiente sensitividad para una determi-
nacicn de pequefios valores de (Gi®~- 62*) cn el campo completo. ' .
Puedan emplearse métodos de compensacién para ampliar la exactitud de la determina-
cién del orden de franja N hasta aproximadamente 0.0i, que permite la determinacién
de G,% - 6;® hasta aproximadamente £.300 psi 'o~f{"-£‘._s hasta aproximadamente®. 13 ""%
Sin embargo, cuando tienen que emplearse tecnicas de compensacién, el método no
puedc seguirse considerando como un método de campo completo ya que la compensa-
cién itiene una base de punto por punto.
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Comunmente se utiliza luz blanca coi - lacas birrefringentes para dar un patrén
de izocromdticas de colores. Las franjas coloreadas »ueden ser usadas para dife-
renciar crdenes de franja franccionarios y «ompoensar hasta aproximadamente o.1
en uiia base de campo completo. Aunque la exactitud alcanzada no es tan grande
com¢- an el métode convencional de cempensacién de punto por punto, usualmente
pued :n ¢stimarse los esfuerzos en un lo% del valor real, con el método de campo
caoni into,

La s.nsitividad de la laca puede ser duplicada emplzando el método fotografico:de
multislicacidn de franjas.

e.4. tfcctos reforzantes de las lacas birrciringentes,

Cuardo un espécimen metdlico\se laguea con una laca birrefringente, y se sujeta a
cargas, la laca soporta una porcién de esa carga, y consecuentemente la deformacién
se reduce en una cierta cantidad. Es posible en muchos casos calcular los efectos --
reforzantes de la laca, y establecer factores de corroccién que pueden ser empleados
de una manera simple para tener en cuenta este refuerzo. En esta seccién, el refuer~
zo debido a la laca serd calculado para esfuerzos planos y problemas de flexién.

En el problema de esfuerzos planos, un elemento del ebpécimen laqueado puede ais-
larse como se muestra en la figura 58.

o
i

Ay Gy AY

o ./L/ ;, /
/ / /.

¥ O'xs X Oy
FIG 58

Un ei-mento similar del espécimen sin laqucar también puede aislarse, y la fuerza
actuante en la direccién x de ambos elementos puede igualarse para dar:

"‘b Jy G.lq =2 lq,, dy Gx” + \'\f. 37 Gy~

Ec €9 a
(Yg‘q: o-x + "—""G-’
k)
la exnresién correspondiente para las fuerzas en la direccién y es:
« s W <
Oy“= Oy + —f:GY Ec. 1e9b

Si se asume nuevamente que:

E= &xF r..;
E\,‘-‘: éys
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__ v como_los.dos.elementos estdn bajo . ::siado’de gsfuerzos plano:
— A _
Oy = .7_.‘:..;.’_;_ QE"* \,76,) G-y = T QE, +9£&> £c.. 170
Susr"uyendo las ecuaciones 1"’0 en 16%, tenemos:
Q ey ) - (g*' +Q5r .5) b"_ ECz LExc‘f \)g 63¢b) (q-)
‘-L l"‘vc
- SR L‘c \) &
5 ZLC,?-\- Vs '?_.x)“\' ": l-‘)c, kef + ") (.b)
= Vs
Restando la ecuacién b de la ecuacién a y simplificando:
he E (R ’
A |4 25 Ze 3_,) ExSe E,C Ee. 177
Ex EY “K hy Fo I+ Ve k' x v )

Esta 2cuacidn puede escribirse comao:

- 6y"f'= FCR (EXC__ Eyr_)

- he B WtV Ee.t22
FCQ-&\‘* hy B \+Vr.) ’ :

El término & g representa un factor de correccién que debe ser aplicado al valor de
(Ex€— Ey* ) obtenido de la laca birrefringente para establecer e] valor real de la di-
fercn.ia de deformaciones principales en el especimen sin laquear. El factor de =
correccién fegtoma en cuenta el efecto de refuerzo debido a la presencia de la la-
ca birrefringente.

Una rafica que muestra Zq como funcién de "‘/;,bes presentada para diferentes ma-
teriales del espécimen en la figura 59. Estos resultados estédn basados en un valor
de £e=420,000 psi vy )2;‘0.36, que son representativos del Photostress S, una de
las lecas birrefringentes disponibles en el comercio. Una inspeccién de la figura

59 mucstra que el factor de correccién es pequefio para valores de ""/p,_,, menores
de I, si el material del espécimen es met&l. Si, sin embargo, el material del espé-
cime: es madera, concreto, o plastico, entonces el factor de correccién es aprecia-
blemonte mavor.

Un scgundo ejemplo que ilustra la mFIUCncm reforzante de la laca en el estado de
esfucrzos y deformaciones en el espécimen, es el de una placa sujeta a un momen-
to flexiconante M. Considerese un elemento de la regién central de ésta placa, como
s in.lica en la figura 60. Si se asume que la distribucién de esfuerzos el lineal y
que ¢ transmitido através de la intecrcara cuspécimen-laca, entonces,de la teorfa e-
lemer:tal de las placas, la derormamén en ¢l espécimen vy la laca pueden expresarse
como una funcién de =z

dondc

1

5;'-;%;— Para, (hg-A)= 2 cA
Ext= = Pare A=< LA'\'\’H'.) €c.l?.
b

Eyt’: eyc:_o Pnu-q, +odo <
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_donde_z es_medido desde el eje neutra .

—=———"A"es ]a distancia desde el eje ncutral a la intercara.

$ es el radio de curvatura.
Como se asume que Q3 desaparece para todos los valores de z, las ecuaciones 170

pueden emplearse con las ecuaciones 173 para expresar el esfuerzo Ox en término
de las deformaciones:

Gx.o-': i:’z E. Pc\rcn. f\\"s-A) <ee A

i~ Vs 3 €C-l??
0..’.:___ -——-E-E—- 2 Pora F\‘.'.EE-LA‘L\"‘)

-2 §

La posicidén del eje neutral, descrito por A, puede obtenerse considerando el equili-
brio de la placa en la direccién x, como se muestra a continuacién:

A At he
5 Gx® d= + Y Gx* da =0 Ec. 175
A-‘ns Li A
Sustituyendo la ecuaciédn 174 en 175, integrando, y resolviendo para A tenemos:
hs .!;._eg:_z_
T2 1+ GC Lec. /76

donde J 2 .
Ec, / — .5 . F auli— [
= (—
= E s /- l)cz ! A""
El radio de curvatura § puede ser calculado considerando el equilibrio de los momen~

tos donde A . the

M':g 0x" & da + S Gxfad= Ee.r22
A-hy A

Sustituyendo la ecuacidén 174 en 177, integrando, y usando la ecuacién 176 para sim-

plificar los resultados, puede mostrarse quce:

2o 22 - F

] E -
onde z\% ' :
R

Si la laca se examina en un polaroscopio de reflexidén, el patrén de franjas es pro-
porcional al promedio de la diferenci de deformaciones (£x®~ &y ) através del es-
pesor de la laca. Este promedio puede calcularse de las ecuaciones 173, 176, y -

177 como siguer - 2 ML ‘—931 \ %A““

a.-Qa!‘c' E—Vc)av. :, ) H | E. I’aa he A 2de
que da: ‘
c o _ M 1=Ys 1XC e /29
(Ex—&, )av = TR E Ak It8C -

Como la diferencia real de las deformacioncs en la superficie de una placa no laquea-
da es:

_ - L= Vst
LEI\ £Y ) GM Es }’i Ec. s
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queda claro, mediante una comparaci -1 las ecuaciones 179 y 180, que la iaca
no indica la diferencia real de las dei .1aciones superficiales. Es posible, sin
embargo, corregir el error introduciznde un factcr de correccién de flexién. Luego

KE‘S—EYS)FG:\\ = FZ(} QE*C‘Cr:)av.
dende el factor de correccién de flexién i g es:

. ’ z\2 |
E. - HLHGC.): ‘*@’Cx_q(wacs)-w] | de. 18/

- 1+ C T+ I+ C

El fuctor de correcciodn de flexidn, que es funcibébn de las razones By C, se muestra
en forma gréfica en la figura 61, Una inspoccidn de estas curvas indica que pueden
comuterse grandes crrores si los resultadous fotoeldsticos no son correctamente ce-
rregidos. Es interesante notar que el valor de & » primero decrece con “‘/,,, y lue-
go crece con posteriores incrementos de hc/n,, . Primere, conforme el valor de --
"'C/h_,se incrementa, el plano medio de la laca se separa de la intercara, y la de -
formacidn en este plano medio( que es la deformacidén promedio) se incrementa re-
lativamente -a la deformacién real en la superficie del espécimen no lagqueado.
Después, conforme la laca se vuelve méds gruesa (esto es h"/hs se incrementa), el
“efecto reforzante baja la deformacién promedio en la laca. Para un espécimen de a-~
luminio los dos factores que producen el crror se cancelan cuando "“/;“: 1.6; luego
el valor de Fkges 1.

e.5. Efectos del esvesor de las lagas birrefringentes.

En le discusién de las lacas birrefringentos presentada anteriormente se ha asumido
que ias deformaciones se transmiten del espécimen a la laca de una manera ideal.
Desafortunadamente, esta transmisidn ideal de las deformaciones entre el espécimen
y la laca, no siempre se verifica, y la disuribucién de deformaciones en la iaca estd
influenciada por el espesor de la laca. La distorsién de la distribucién de las defor-
maciones se conoce como el efecto de espesor. El hecho.de que la distribucién de
deformaciones en la laca se ditorsione complica el probléma de interpretacidédn del pa-
trén de franjas obtenido de la laca en términos de las deformaciones superficiales.

La magnitud del error introducido debido al efecto de espesor, depende de cada pro-
plema en particular. A veces el error serd pequeno, pero en ocasiones puede ser muy
grande.

El sefior Duffy vy sus asociados (J. Duffy and C. Mylonas, An Experimental Study of
the Lifects of the Thickness of Birefringant Coatings, in "Photoelasticity”), han a -
proximado el problema del efecto de espesor en lacas birrefringentes para variaciones
bidimensionales en las deformaciones superficiales, empleando la teoria de la elasti-
cidad. La laca se considera como el cuerpo, con desplazamientos superficiales prees-
critos en la intercara (esto es, z =0, como se define en la figura 57} como:

/‘-((.x,-d,o): U Sew mx eoa'r’
Vﬁx,y,o)‘-\/cﬂpx Ser 3y
w(’f, “J: o) = W Ces ry Cos $3
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donde U, V, W, ym, n, p, g, £, ¥ S . constantes arbitrarias usadas para descri-
bir el campo de desplazamientos en la i.icrcara. La solucién de este problema elds-
tico muestra que el promedio de la diferencia de las deformaciones através del espe-
sor d2 la laca vy a lo largo del eje x puede representarse como:;

EnC- Eya) v F L'“\"; n\";\))&‘ (r00)-F (g4 p5 v) €y (3,00) +

— z N
¥ 228 G gy, v) WY

Efe. 122

dond::

G (nv)= 990V} = Cosh 3h) =2V Th Semh 3h + LEW)3+ 5502 1),
CIR)2 4 (3=uV) Cosh? Sh + (1 -2V)?

. : O8h Cosh 8 ~ 2V (-29) ®inh §ha
F (omby, nh v)= %n: Lanh ¥ _*_mz-hz&Q 3 S -2 .k

3 e > (1 -29)(2 %% +5imh 284
Q X ; K IRLER) Y -4v) bty WA Gozw)
= {mien? L 3=lrast)e | |

En la ecuacién 182 se necesitan tres factores de correccidn para ajustar el promedio
de la diferencia de deformaciones a través del espesor de la laca, a aquellos que o-
currea en la superficie del espécimen que.csta siendo investigada. Los factores de
correccidn F(mh, nh, V) y F(gh, ph, ¥ ) s¢ usan con los dos componentes de las de-
formacicones de la intercara.

Los iactores de correccidn pueden ser calculados para valores arbitrarios dem, n, -
p, 4, r, v s. Un ejemplo tipico de la magnitud del factor de correccién F (% h, 0, V°
se muestra en la figura 62 a. Una inspeccién de esta figura muestra que el factor de
correccién varia entre 0 y 0.93 aproximadamente conforme el cociente de la longitud
de onda del gradiente sinusoidal de la deformacién al espesor de la laca varia de 0
a 30, Este ejemplo particular corresponde a un caso en el cual la deformacidn varfa
en la direccién x pero no en la direccién v (esto es n={Q). Para evitar los errores a-
socizdos con la distorsidn de la distribucién de las deformaciones através dei espe-
sor de la laca, se requieren espesores de laca muy delgados (h < W /20m).

10]- V=03

T
Y=o0.4
0.2 |
V=05
0.6

- | FIG 62a

6.2 |




TECE:# DE tAS BANDATY EXTENSOMETRICAS

1:1 Generalidades

Con el enunqiomiento por Robert Hooke en 1,678 de la
leyy*relaciona las tensiones y deformaciones en motericles sometidos
c solicitaciones mecénicas y el posterior descubrimiento en 1,856 -
de Lord Kelvin referente a las variaciones que en su resistencio su
fre un conductor eléctrico cuando se modifica su geometr{a, se esta
blecieron los principios fundamentoles de la extensometrfa eldctri-
coj} si bién su nacimiento ha sido muy posterior, pudiendo decirse =
que fué a partir de la 1l guerra Mundial, cuando su aplicacién empe

z&8 a vulgarizarse,

En su forma m§s elemental, una banda extensométrico

(Stroin-goge; jauge €lectrique d'extensometrie) esté constitufda =
(fig. 1) por un hile metélico muy fino en forma de "pa?rillo' mon-
1 F tado sobre un soporte, de tal mane

ra, que la mayor parte de su longi

tud seg parolelec a una direccién fi

jo. $i deseomos conocer las deforma

LY
. ‘ - ciones de una estructura segdn una

10X direccién, pégaremos el extensime -

i L tro con sus hilos paralelos a dicha

direccién y al deformarse aquella,

producird variaciones en la geometr{o
del hilo del extens{metro que origi-

narén uno variocién de su resisten=-

cia; por lo tanto diéponiendo de ins
trumentos capaces de medir vqrioéio-
F ‘ nes pequefias de la resistencio ori-
ginal del extensfmetro, podemos congc
4531' ~ cer los deformaciones meclnicas de -

lag estructura en la que se pegé.

La Resistencig de materiacles nos ensefia las leyes que
ligan deformaciones y tensiones, siendo la extensometr{a la técnico
que permitird conocer el estaodo de tensiones de un cuerpc a partir
de la medida del estado de deformaciones, sin necesidad de recurrir
a ensaoyos destructivos, pudiendose efectuar un ndmero iiimitade de
medircinnes. pufs si bidn el extens{metro uno vez peands ~c irrecu-



peracble, sus c¢ualidodes con el tiempo perduran, dentro de los lfmites

de utilizacién,

- Por tanto, una bando extensométrica actua como elemento
transductor, transformande la variacién de ung magnitud mecénica en -
la de una eiéctrica, facyltod ésto que se aprovecha barc fabricar cap
tadores sensibles a ciertos parémetros mecbnicos, pudiendo asf evitar

se el inconveniente de su no recuperacién,

Actualmente el desarrollo de las técnicas extensomdtri-
cas, ha clcanzodo tol grado de perfeccidn, que normalmente los proble
mos de medida de deformaciones y tensiones que puedan presentorse en
ingenier{a tienen soluciédn, determindndose con exactitud la evaluociédn
de fendmenos cuya influencia en la realizacién de proyectos es primor
diol, con la ombiciosa meta de fabricocidn con coeficientes de seguri-
dad préximos o la unidad, sin perdida de garantias funcionales. Reduc-
cién de costos de fabricocién, control de calidad, homologacién de mar
cas, investigocidn, estudios y ensayos, mejores de fabricados, nuevos
disefios, etc, etc, son logros, que incluso a corto plazo, Se consiguen

con equipos sencillos elementales y econdmicos,

1.2 PRINCIPIOS TEORICOS DEL EXTENSIMETRO OHMICO

Consideremos un extens{metro formado por un solo hilo
conductor unido a ung estructura, de tol forma, que las deformaciones

que pueden producirse seon idénticos en ambos (fig 2).

La resistencio R del hi

. . o el .d? lo tienme por valor:
B N r-pL -y
t ' {fé n . A P = resistividad)

“
s’}

%i el hilo sufre una deformacién (alargamiento), la lon
gitud 1 aumenta, la secciédn S disminuye y la resistividad varfa dande
‘lugar estos cambios a una variocién del valor de R que podemos obtener
diferenciando (1) y después deducir la relacién entre 10 deformacidn

eléstica del hilo y lo variacién relativa o unitario de resistencia,

en efecto: Fooag
' S0 dp ool it n
qr: I - )

L '

h‘\ J.\(:i-'L{ l'l_t:i I B S N

i A
~ —2' v t f S



i e b

Siel hilo 2‘51 e {.orma_ c'Lﬁingii:;ica.. 45 20{3 ‘ ‘ - ik
S- L ; ds: %‘_‘ DAD ‘3 TS ¢ 3- ,:SL"SI‘.[HU!.’I({: quJ..ww?
- de df dF 4D . Al
— ——-*{____f — ) . A
Lc (4) podemos escribirla como:
ar Ap »t
dt 4.t L{E

{ L 3
pero el dltimo término del segundo miembro, es la expresién del coe
ficiente de Poisson ~3£2: -E-::}L ¢ luego sustituyendo tendemos el
valor de la relacién entre la variacién de resistencia y 1o deformg
cién uniteoria,
CI.R ' A p :
- A p 1‘2}/‘- - . [b]
&Q
2
al segundo miembro de (5) se lloma factor de banda o de sensibilidad
K; '

';‘HL' - | [G].
K:L+Q}L+d£ .- = _~ . :

Bridgaman enuncié que la voriocién relativa de resistividad de un con

ductor es proporcional a la variacién relativa de voldmen de dicho -

conductor

‘_’%ﬁ ¢ & (C:Constante de Brdgman). . (3]

_ 9
S Ve LS Mo Se <X Tu.,uitncl.o %) t’_ﬂ. [-'Dx
Q .
d @Iy r e (1 Q}.I.)] - - = (&)
Hasta aquf, hamcs considerade la secc16n del hilo circular, pero en
los modernos bandes impresas la seccién es rectangular y la varia-

: . < . .
cién de resistencia 5£—- , funcidn de las deformaciones que expe-

- R Fl
rimenta la banda en las tres dimensiones se calcularé,asc.
z Siendo @ (fig. 2a)
y | A ¢
_ I, )
x !
y 103 deformaczones segdn los ejes
A « X,Y,Z son:

>t ‘Eig'la
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. db da . Al Ab
IR A SR - &

Sl u(E #E}) :

P B

diferenciando logar{tmicamente lafltendremos

R, 4 dbt  da _db &V Al da  Ab

pel iy —_— -

. +
S { a0 I v T
c(dfcda, dbyl Al da N
e e ST T
s C(&a-ué, -/_ue}_w}h Ex +hE, - My o7y
:gﬁ[Cklku)+L¢uj+g} (Ci) (1_-“,)
y llomando ' S
k|‘.C (l”k)+_/l1.u.
K'Z:(_C'd-)l(zl"}“')
queda :
d;:- ;é),\ KAL"]' é\lKa . . _ ) _ o [iok
~ T

La (10).nos indica que una bando extensométrica es sen~
sible a lg deformacidn longi tudinal segdn la direccién de los hiles =
activos, pero también a la deformocién trensversaol, siendo esto (lti=-
mo un inconveniente que puede introducir errores, Si el valor de la -
constante de Bridgman se consigue que vaolga la unidad, K2=O, pero prég
ticamente es muy dificil de lograr, por lo que se tiende q buscar un

compromiso que haga K, lo menor posible y por lo menos que permita co

2
nocer el error que su presencia introduce en la medidao, Veamos como =

se logra.

La {10) puede escribirse: | :
cf_;i_:;{! (£ + thg)— L = Y_&o:_:_)
éiendo Kttzﬁl = factor de sensibilidad transversal del extens{me-

tro. Sustituyendo:

SR, ek hs) Kl Rk = KEa oo - = Y]
El factor de banda daodo por el fc:_briccnfe esK:K& (-i')* Kt) poro _‘u20,7.85

La expresién: kt %f+}u) o Lo [4103
=z ——To~—"xloo. . . e -
")‘}M Ky -

nos d& el error en % que sobre la medida de la deformaciédn segin €,
introduce el factor de sgnsibilidad transversal. Vemos que en el caso

en que la direccién de 8; coincide con la direccién de tensiones uni-

direccionales (traccién o compresién simple) el error es cero, pues
44.
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se cumple gue Eg =-pE€x , (fig 2b).
iy Segln la fig. 2¢ vamos o medir lo de
: —
‘-_-___-_;_! ?_E—T‘ €. : - F formacién loteral correspondiente a
. T - i e s -
= ——" — ~—un—estado—unidireccional-de—tensiones,
t X LEY:j#E;f aquf por el giro dado al extensf{metro,
giﬁ 94 se Cumple que ;
Ex=-k € -
:X ; 3 P, E], ) —'} . _.i.-.
En _/"’L'
F | ) - Si consideramos 1i:g 3 4 kt:‘i?é sus
| tituyendo en (1la), el error vale:

'l___ L &—,;7"-'57} 5. 063 - 5+03)
iiq Ne e 1S 30003

'El-error del-9% no puede despreciarse y adn cuando en -

oo : -9

el ejemplo se hag buscado un cgso muy extremo, habré que evaluar siempre

‘la magnitud del error y considerar si debe o né despreciarse,

El problema en el caso que se conozca la direccién'prin
cipal de deformaciones {fig. 2b) no tiene importancio; pero como se -
verfd postericrmente en el caso de rosetas de dos o tres direcciones -
el error por efecto de la sensibilidad lateral puede tener influencia,
pués se estarf siempre entre las dos posturas extremas presentadas en

las fig. 2b y 2¢,

1.3. OBJETO DE LAS MEDIDAS EXTENSOMETRICAS: Unidades

Los moteriales empleados en la fabricacién de méquinas
o cualguier elemento sometido 4 solicitaciones externas, sufren en su
estructura interna unas tensiones que deben equilibrar las cargas que
soportan parc que no aparezca la rotura, sobredimensionqndose siempre
los disefios para obtener un coeficiente de seguridad adecuado. Eviden
temente el mdximo conocimiento del estado de tensiones ayudard a mejo
rar el disefio y a reducir el coeficiente de seguridod; pero la medidas

directa de tensiones no siempre es posible,

Demostraremos en este capftulo, gue si conocemos el es
tado de deformaciones en un punto, podremos caolculor el estado de ten
siones del mismo y determinar el valor de tensiones c¢rfticas (tensio-
nes normales mdximas o combinacién, en una determinada direccién de -

fensiones normales y cortantes, que puedan representar un fallo).

El estade de deformaciones se aaterminaré a partir de

lags medidaos, que en una, dos o tres direcciones, que se efectuen.cgp

.



-3 T
extens{metros, ’
Salvo casos muy especiales, la aplicaciédn de 1los bandas
extensométricas serd siempre en la superficie de los elementos de en
saye, por lo que solo estudiaremos el estado plano o binaxicl de de- -

formaciones y tensiones en un punto,

El concepto de deformaciones es andlogo al de glargamien

to unitario y lo representaremos por £
nes(yﬁ)
E

midiendose en microdeformacio

OO
7

,ic?: Eﬁg.‘lcf o . - .microdeformacién (adimensional)
Diversa literatura suele expresar 1as deformaciones en
micromilimetros/milimetro o micropulgada/pulgada, creando a veces agl-
guna confusién, en realidad es decir lo mismo de una o de otra merda,
ya que se troto de la mismo unidad por lo que nosotros recomendamos

referirse siempre G/Jé.

E1 médulo de elasticidad E y las tensiones Se expresardn
en daN/cmz, aunqueée en algunas tableos pueden agparecer éstos valores en

Kp/crn2 o Kp/mmz.

1,4 ESTADO BIAXIAL DE DEFCRMACIONES

Y

§x El recténgulo elemental de la fig., 3

Li"_‘t—‘t'ff,'
iy 108
Ay

A2t ] ox

de lados dx y dy tiene como posibles

las deformaciones lineales segdn los

ejes X e Y ya definidas y de valor:

Sx

E E :véi_
&}\/ 4 ) d x J d-gr
. ] $ .. . .
T o v €..92%  originadas cuando la direccién del
5/2; Jﬂ 597@ L dx . .. : .
[”0 % L X alargamiento coincide con los ejes
Sy ¥ Ax’g ¥ dx X X @ Y respectivamente y otro tipo de
*-_-“’E&:if 1hff 5; dﬁldﬁ deformecién llomada angular gue apa-
1 noE : o -
4;'227 dy 1 rece cuando hay un desplozamiento -
67 R
—
t X l:f_ﬁ4; X transversal de los lados dx y dy que
d.F ; dﬂ' ]
é‘:&sct} motiva que la forma rectangular ori-
Su-g.d il ; ginal se convierta en rombica. La de
5 a&-—ﬂl—- F . .
6;22? v, 4LS L formacién angular 6,3 se define como
4} N Lf;éz :’l la suma de los desplazamientos trans
! ' versales divididos por las longitudes

originales gque no le son paralelas es



decir.

fry= 3 *‘ir‘éKL*VH&& |5

La deformacidn angular se considerag

f.{s 5

positiva—sisupone una disminucidn
del dngulec recto original per una

extensidn.

En un punto orbitrario (fig.4) de
la superficie de ung piezao cargoda
podemos afslar un elemento infinis=
tesimal de materiel para estudiar -
sus deformaciones en el plano XY y
para ello cplicaremos el principio
de superposicién, por el cual la de
formacién total serd la suma de las
deformaciones parcicles, es decir,
la suma de lo deformaciédn lineal se
gln los ejes X e Y respectivomente

y la deformacién angular Exa,

Vamos a relacionar los valores de la:
deformocicnes segdn los X=Y con otro
conjunto de ejes X'=Y' que forman un
dngulo 8 . A1l éngulo B1e cansiderarg
mos .positiveo en sentido controﬁio

al de las agujas del reloj.

En la fig. 5 se observa la geometrfa
del elemento infistesimal referido a
los nuevos ejes X'=Y', el clorfomlen

to segdn el eje X' serd: E;-TI;,

bx =g, dx' :BD +DE +FH

8D - E,.d.k w3 by Bz £, dx' cot? O
TE_- 3 43 u unb - E;a‘.& Jent 6
FH = ox un9d,J o b

Ex <

Ex 0?8 + £y EVIOLY IS
€y = &. u':?(9+—'!)+[;

La deformacidn angular viene expresada por: 60 6 K

E_I-:-;\_E-v(':_é‘—AL HC‘.--J_x&uAB

J’ U P B . - _[?2]

(9+ ),«J; .w»[w )m_(su .13

dl
B3z -diyq, wue fm

]:E"é—j +ﬁ+$-]: C\: = SJGL( Mﬂeme T i} f? 1oul uy;ﬂ

A8 c-z, dxaunBn8 | BL: j; ¥=3 w? G

..?,




ng-ZC&-f}) uu o+ Kﬁé (wi29-.3en19)~ o {114}

Si expresamos la (12 y (14) en funcién del énguloc doble podemos es-

cribirlas

E)‘f < EA;&-} + 5‘2:2}’ call + %L wQF- - - - - - ‘;’15}
Ko £.-¢ I |

_ Ex p+ Xk o200 - _ _ _ - _ _ _Txe
7 —————-.3:_2 am 7 ¢ [1]

Por ser funciones periédicos tendrén un méximo y un mfnimo que calcu

laremos derivando la {15) respecto a & e iguolando a cero.

j'l_ﬁd;_zéflam29+2%ica49;o

A0 |
86, s adr demte [

AR - 3% lea 4, B '

de donde sustituyendozgn (15) teneimo_s: '
Ex s En¥TY AT

B [V T
_ Ex+f £ - Ty 12 8
oSG, ]

Los subfndices M-m indican los valores médxime y mimime, en efecto
hay dos valores de Zehﬁquue cumplen la ecuacién (17) ya que
tau.ZOZFa(?.Bﬂt) o sea que lgs direcciones de las deformaciones méxima y
m{nima son perpendiculares entre sf, verificdndose ademds gque la de-
formacidn angular es nula como se demuestra sustituyendo la (17) en

io (16), la fig, 6 aclaora lo expuesto,

SRE)

26

El valor méiximo de la deformacidén

-

angular se obtiene por el mismo pro

16y cedimiento y tiene por valor:

o .
% € o€ S, (fﬂ w *}1 ( Xz‘t\[ -~ 149]

L S, 5 )
4igG | z 2

demostréndose que su direccién forma 45¢ con respecto a las direccig

nes principoles,

Si el 6nguloq‘que el eje arbitrario X' forma con el ejs
X hocemos que sea nulo las expresiones (18) y (19) se pueden escribir;

, &+t { -fa
Sum) T Ty TR

2 2z 8-



siendo E, 352 las deformaciones segdn las direcciones principolés.

VPcro cualquier otra direccidn que forme un édngulo oL

i respectoﬁo“tos”ﬁrincideEST_IdsﬂfﬁquIu5fquedaréﬁ:

£ +& ", - X ‘
x = zl + Ez{‘ ta ol - - — - - = . :20]

5%:—2-‘—91-—&—-3&?\,«2&___ - —_ - — —_ - ...[21]
s1 llqmcmos:'

: &, £
4 - £ +5, = b , ten.d.remos que.

2 3 2 _
Eq-Ad+roslo . - - - _ _ _ . - - )

%?‘,._(.*.cn.zo{_ - - - - - - [23]

1,5. ESTADO BIAXIAL DE TENSIONES

Y
l

En unc barra prismdtica sometida o una extensién

r - pura, se llama tensidn (esfuerzo o fatiga) a la
Gn . .

\\ PN fuerza gque actua por unidod de superficie;

E._.. _ Aéﬁ.‘;,&; G,‘ > —;—- (5: seccdn '52%\;“ f—f*)

\Q : si consideramos otra seccién S' (segdn p'-p) cuya
T

normal forma un &nguloB con el eje de aplicacién

- de fuerzos, la tensidn seglin el eje X valdré:

a x . r
'glg? , G‘,-.—s.—:-g-c«sG'-G‘,mB

y descomponiéndola en las direcciones normal y tongencicl respectiva-

Gn: G, cotBeAB =Tt & _ _ _ _ _ _ _ — _{24)
T= G, cosBanb %G‘,omie- e e = = — . --[QS]

1laméndose el valor (24) tensién normol y al (25) tensién cortante,

mente de p-p' tendremos gque:

13

Estudiaremos el estado biaxial de tensiones en lo su-
perficie de un cuerpo que no esté sometido a presiones exteriores;
de forma andloga a como se desarrolla el caso de deformaciones, para
ello aislemos un elemento infinitesimal de lados paralelos o unos ejes
X - ¥, las acciones que actuen sobre el elemento originan mas tensio-
nes normoles y cortantes que mantienen el equilibrio del sistema. =
(fig. 8). |

.94



Y Las tensiones normales serdn positi
vas en casc de troccidn y negativas

en caso de comprensién, osf mismo -

las tensiones cortantes se consideran

pesitivas cuondo producen un par en

sentido de las agujas del reloj y ne

gativas en caso contrario.

En la fig. 9, vemos el elemento infi
nitesimal referenciade @ unos ejes
que forman un &ngulo § con los X-Y';
buscaremos el valor de las tensiones
ligadas a la nueva orientacién de
eljes, para ello tengames en cuenta

que el equilibrioc debe ser de fuer-

zas, en efecto:

TS+ Tu S tBin D45, 2en B sen B0 SetbuntrTixS uub el -
1§, S cet?b +¢?Sw15+2,t,-65 i B tof 6

Go=0n co’ 6 +Ty 2l B + 2 Cuy v beqp. . . . . _{2€]
To™= (6 ¥ ot § o cox O O, (o0 ~wie). - {27]
ecugciones que expresdadas en funciédn del Angulo doble nos dan: .
€. 6 T.-6
T, - ———1—‘1—+ —2——3—-(»129-» ?.',&uu?.ﬁ_ - - - - [28]
I
Q=-(%:&)w19+zxam29- L

Si derivamos la (28) respecto a & e igualamos a cero, encontraremos

los valores de {§ que hacen méximo y mfnime a dicha ecuacién:

& G

- (6 -Ty) we 28 42 oy cog 2020

A9 |
a 49 _ At 1914-:\& _ t;}
Nem ™ et 26, G:azf,
Por consideraciones andflogas a las ® hechas en el estudio de la defor-
macién biaxial, se deducen que hay dos planos perpendiculdres que -
corresponden a las direcciones en gue las tensiones normales son méxi

ma y mfnima respectivamente y en las cuales los tensiones cortantes

son nulaos:

-lo-



5, - TeeTy (3‘_&\*(1}) o B

z 2
Derl—a—;ni-5m04formo~e-nc ontror.emos-que : — -
_ s . 2 o
i AR TR

El valor méximo y mfnimo de la tensidn cortante se encuentra defasado

452 respecto a los valores principales de las tensiones normoles.

Haciendo que el &ngule eM:O tenemos que:

T, + G; T, -0
G" - 1+ 92 r \ L
M-p 2 2
_ T, +1;
Z}Ln“'t __5z_i_

siendo 9q, 3,'5"2’ el valor de las tensiones normales méxima y minima;
las tensiones en cualquier direccidn que formen un dngulootcon las

principoles, tienen de valor:

G-A - G\Z:Tz. r 5_'| "Q’-L o ‘2N o N _ L [32]
- T - B B 52 L)
L.lamando Ty = '—z—-l wndy . - - - - { ]
. 818 ;.Sl;SL
5+ 2 : K { Y

fenemoas q0¢ B

& 5%—?&&32ﬁ__ - _ _ _ — _ = -]}3]
Zd:famlo(‘ - = = == &3‘\‘}

1.6 RELACION ENTRE DEFORMACIONES Y TENSIONES

%
cg.& r Supon?nos el elemento de la fig. 10, g
o 5 plicando el teorema de la superposicién
’ * encontromos que;
i
o d< - % Sk
r ‘gigio £ f
£ - 8y _ W -
"¢ ) E
6. _E
T L_F} LE,ffoa\),__ - - - o ‘E35]
S, -

gy B

 Experimentalmente se demubstra que:

5:}'- Qe -~ = -~ - -[37]
G JV




1llom6ndose a (S coeficiente de elasticidad a cortadura.

Recordando las relaciones:

d - Eré (Lt
- Sn¥ee e
r - t:,"t?. f‘_ G—“‘G-l
2
se deduce que:
R G & 2 [ A
€, +, :—%— *LL‘f}'*":L B B ’;—°:E‘
£ . £ c / T B
5 _ & +0% ) g, ¥iy E -4 E ‘ [56}

)

-f-

tE r
=
.
~

E-€,= %, -, ——-- : :
E
‘;:f-\_"-ll; _E‘_-_:_z_ ___E________-_' L9 E - - - - — [‘3({]
2 2 PRy Jrp :

1.7, REPRESENTACION GRAFICA DEL ESTADO BIAXIAL DE TENSIONES Y DEFORMA
CIONES; CIRCULOS DE MOMR

Une de las formes més sencillas Yy usuoles de representg
cidn del estado plano de deformociones y tensiones es el cfrculo de
Mohr. Reccrdemos que lo deformacidn en una direccidn cuclguiera que

forma un dngulo® respecto a las direcciones principales tiene por

valor: £ £ ¢ £
Ex = - L, T2 ces X = L tr cor L
2

)

F LT genduzr tendx
2 2

Podemos representor précticamente éstas ecuaciones segdn la fig. 1},

pués se cumple gue:

L& ——i Ex-CM' = L+rawg i
< “_““52 -  d
o & . WH - I genq d
¢ o] € 2
: : Observemos que "el valor méximo y el
g mfnimo
(< A s 1 La fi indi i
g. 12 nos. indica el circulo de
TR R _
! ¢ . Mohr parao el estado de tensiones y
0 g é S vemos su similitud con el de defor-
‘\\_ maciones., Iy .
5 figl2 SwiCH = *i’”j'z'*
Z,(_‘ HH' = FJC"--«,& -12-



En el dominio elfstico de los cuerpos isotrépicos, -
existe preoporcionalidad entre deformaciones y tensiones, por lo que

los circules representativos de ambos valeores son concéntricos, Los

———coeficientes—dep roporc-i'ono-l-i-dod—hon—si—do—.deduc-i—dbs—e n—el-apart ado.

1.6 (fig. 13),. {7
p)

},.:..

1 -
1,8 EJEMPLOS DE APLICACION DE LOS CIRCULOS DE MOHR,

Neg 1, Sobre el elemento de la fig, 14 actuon las ten-
siones que se indican. Calcular analftica y gr&ficomente el valor y

direccidén de los e'sfuer‘zos principales.
'S‘a;-‘lst‘.d,c»h]fcml
S 'Ca,(--lw qni,,f'cm,‘

fy’ - ‘.'.SOd.al\.:ijL

/ AanNem?
o -
’ﬁ-xg {4
_ 150 # (- 15¢) von 2 ,
Q_'M-m' ——__E_"—"“‘ ¥ (ws),_loo’ : "_' igo ci.cN/(,ml
Lic
; lo i -2;4‘-(1‘“' 190
r‘!r " J50-(-450) "0ec
— ALY
“Ngosu a0t

N22 Ic:{,en-\T af amt_eri.of.(fig 15)
G-E;‘{DOWV

@
l-:’)lriag o G};—loodﬁﬁfmnl / e \
I x LY

s T2, - doent [ 5
Bew H .
Pig 15 . Ty
§ - -ioof('lce): o0
.2 G—M:6+r‘ ~-Locshoo 0
f:‘:“ﬂ%hﬁ‘dw‘ : doo S -f o-4ectoo = -Zoo
1 2 = _Aeo . N

Tice-(doo) _
dog(4oo) ' 1Y

EEs



Casos tfpicos de aplicacién del circulo de Mohr,

TORSION

y

Su: Tyx
o
A2 T
i
o_m B Z»}
Iy
= X

TRACCION .
Y
5 ﬁ /\
4 \_/
$igl8
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Bandas de tres direccicnes o rosetas (Rectangulares)

Consideremos el valor de las deforma- Y

—_cionés (fig._ 21) en_direcciones A, By C que_formen c
los dngulos eA’BB y Bc respectivamente con el eje X B
de unos ejes arbitrarios X-Y, tendremos: A A
£,.-T
EA: ——..--..j'__f’gj:E + —:—QT—LCDIZBA*}' x;.—?knlsx % X

fig24

2
E . E,-t-fl‘, - fﬁ"sl" Lﬂz BC + -—(i 5e.n29c_
[= Q/ 2

€y 23Ty | fr;'? cos2 B + 52_1 ten 10

3
Si hacemos que: y
. it 7
B,:0 + Gp:— | b.: 4+
' J ) A ’ Z nos quedo:
gA:EJ‘ | Er=&a
€atE “ : €c
SRR S I
€. : E} K’}:Q’EB'(EA'EBB: (CB-E").‘. (fs‘fc)-_-[liﬂ]

Sustituyendo los (41 y (42) en (18) y (19) y simplificando tenemos:

E..\'- oL ;& + & Wsrs,,)h (fa-2Y. . _ _ | [u3]
€m: %’gc_‘ - (% \[(& '5.3)’4- (£s '*é’c)l_ —_ - - _ [1"}"]
fum 2 Vel el-2) - — _ _ _[3)
ti,LBH‘:{tfu-tk)+i}k'f}?} . L 3 o ELG]

€a- fc .
E1l dngulo eﬁ serd el que forma la direccidn principal méxima con la
direccidn A,

Los valores de las tensiones mdxima y mi{nima

A t&e {E. 2 1
G_M.m: %‘Ej-; s )Hj* Yr(f‘-f‘\+(.£g‘£c)1_ _ Y_qu']

. __E 2 -
O T L (G RIC RS ——

tas férmulas (47) y (48) dan directamente los vaolores de los tensio;

nes principales a partir de los vglores de los deformaciones en los

direcciones A, B y C,

4



S SR
Las ecuaciones anteriores corresponden a una banda ex-

_tensométricc roseta rectangular como la indicada en la fig. 22.
Vamos a ver gr&ficamente como se
determinan las deformaciones prin=
- A " cipales a partir de las deformacio
O nes €4 € 1 £c valiéndonos del cfrcu
‘ lo ae Mohr,
Sobre el eje x {fig. 23) traslade-

mos los valores E}-%ch . En el
P

’_;’ﬁh_j "_-(_f‘?is_" cfrculofAJ e tienen gue estar -
: S defasados 180%2; por lo que el cen

. Ea+€Ec, .
tro del mismo ser&. d: -‘—%—c'lc di-

rd

“ﬁ?l “ﬁh reccién de &g estard en el cir

culo defasada 90%; por lo gque debe
lgigzb cumplirse la iguoldod de los tridn
gulos 0%3’: O%C' con lo gue hemos
determinador: co' - .
En el c{rculo observamos que desde el punto A que corres

ponde q E‘ tenemos que correr un dngulo positivo do para llegof a
£:Eym i por lo tanto y sobre la bandg roseta desplazaremos un &rigulox

para lao direccidén de la deformacién principal mixima. E1 dngulo o

es el que forma la direccidn principal mdxima tomada como referencia y

la direccidén A, considerando comoc positivo el sentido contrariec al gi-

r o de las agujos del reloj.

Conocido el cfrculo de Mohr de deformociones fdcilmente

se deduce el de tensiones (ver. 1.6) de la fig. 23 se deduce:

Vb & :

1 £
- {
E‘ 4 fg

8
c & £a

[ Pa ,.-ifa

0 ey
] A
8‘2
o -tk
7 {1‘3 23

—le-
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1,10 CALCULO TABULADC PARA ROSETAS RECTANGULARES

Sean I, £. 3 £: los-medidas—de—las

" bandas, A, B y C,

{'-nrgi'.

1) Cllculo de d: - 5 (C.c,n s ‘”%1,,1:) Ea
2) Cllculo de r: Ec\/
Anotar los 3 vaglores con su signo =

Restar (-&3 ) o los3valores, se obtiene

Anotar el signo que corresponda al mayor valor de

o ¢ B en valor obsoluto k= 4_-3,@@
J Ll

Seo, por ejemple x  ese nlmero., Dividir ujj& (4]

h 4
-+
-

porof con su signo.

Se obtiene .

Y puede ser positivo o neqgativec, pero inferior a

1l en valor absoluto,

Buscar en la tabla I el valor W que corresponde a Y
Se tiene que: r:]ul w {Ndmero positivo) |

Las deformaciones principales son:
Eo=oder

£, 4 -r

-1

Buscar en la tabla 11, el dngulo que corresponde a Y
con su signo. ™ estd comprendido entre O y 452, Llevar
el dngulo = en sentido externo {que se aleje de lag

referencia O) sobre el eje marcado con el 1. Y L]
i

Méxima si anotamos el signo <4 ¢t:u_.__~————___u

Lo direccidn cb*enida es:

..._;___.*.f\ a

ir

Mfnima si anotomos el signo — &=

-8l

4a

-17-
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1,11 BANDAS 'DE TRES DIRECCIONES O ROSETAS (EQUIANGULARES)

Las direcciones arbitrarios de la medido de tres defor
maciones en un punto podemos hacer que estén defasados 1202 con lo
que la banda tiene lo geometrfa indicada en la fig, 24 y por consi-

deraciones cndlogas al caso de lag roseta rectangular encontramos los

resultados que se indican

e | A
Zs ' {2¢° 120
€ \ €
B 120> c
E +EatEc . Wf

G‘m-,,:'é'\-_é-l—f—;—ti—-_ v (&- & )+(£< €)% (&~ AT [1.9)
.. VIE - - ) |
. T - 3()+/‘.) an'fc) +(€<—£B)+(£b-g*) L _{_50_\

ty 26 = B (5 -5) s

S84 -63 - €

siendo § el 6ngglo de la direccidn principal méxima con la direc-
cién A,
" Gr&ficamente podemos encontrar la solucidn llevando sobre el eje X
del diagrama de Mohr los valores de ., €, ] £c (fig. 235).
L
!

tig2s

0-'748
El centro del clrculo sera d= —gi-é?l-Ji- ; sobre las

dos proyecciones que queden a la derecha o a la izquierda del centro

O; se levanta MM' perpendicular en el .punto medio de las dos proyec-

ciones y desde O' se traza una recta que forma 602 con el eje X, el

punto de interseccidén M nos d§ el rud:o del cfrculo r= OH . Aparen

-temente hay dds soluciones pero los puntos A'-B' y C' no guordan an

el circulo el defase de 2402 de acuerdo con la orientacién de las -
-20-



direcciones de la banda -l

De la fig., 25 deducimos:

Ea +¥c + &5

d: €,:d.+r

3
Eq,"d

cot 4w

t‘a Lu: (3 (fa-2.)

th'fa" ic_

62;d-r
=

q, - E £+ £,
o (£ ¢ pes)

"/

q,-

= (g



1.12 CALCULO TABULALL PARA ROSETAS EQUIANGULARES

Sean E“Esait los tres medidas con su signo

1} Célculo de d: d.:.e_“%g_ﬂf__

2) Célculo de r:

Anotar las tres medidas segln su direccién

Uno @l menos de los valores medios, es olgebroicg
mente igual o menor que los otros dos. Sea por -
ejemplo & . Se suma (~£.) a los tres valores.

Se obtiene as{ © y dos ndmeros positivos X 355

Dividimosa continuacidn por el ndmero mayor of oﬁ

sea por ej emploﬁ

En lo tobla III se obtiene un ndime

ro U=f(x}, tal que r‘=J>~ v
i )

E|: dff'
El= r.i-r
3} Célculo de{,

La tabla IV dé el &ngulo en funcidn de X. Este 6én
gulo comprendido _%ntre O y 302 se lleva sobre el

esquema de direcciones haciendo girar un édngulo r
lg direccidn marcada con 1 en el sentido que se -
aproxima a la direccidn marcada con O, La direc-

cién obtenida es la algebraicamente méxima,



1,13 ROSETA DE DOS DIRECCIONES

*

Cuando la direccidn de los ejes princi

pales &S Conocida de antemanc, como -

=
— i por ejemple un cilindro bajo presién
-y . .
g, — (fig. 26), con solo medir las deforma

ciones en dos direcciones perpendicu-
lA lares que coincidan con las direccio-

nes principales, serd suficiente para

N
B —IW—-.—Q_ determinar el estodo de tensiones en

un punto -
E,:Eax Eu , E,:€65:64 , 'JH: fa -8

-

G'.=-;£_}—5——(f.+}s,.), o - - - - {521
2 (ep6)_ _ . _ _ (s3]
C:y:§(&-a)_ . . — - - . -[s4

= /l _}Al
Se incluyen dbacos paro el aélcule répido de tensicnes a

\

Y,

partir de las lecturaos en microdeformaciones,

1.14 EXTENSIMETROS UNIDIRECCIONALES

Si se conoce la direccién principol de esfuerzos y esta
es dnica, como en la traccidn pura, la tensidn es obtenida aplicando

la ley de Hooke,
G:E,E : E;:}‘fl

6,20

1.15 CORRECCIONES DEBIDAS AL EFECTO DE LA SENSIBILIDAD TRANSVERSAL

Comoc vimos en el apaftadb 1.2 el efecto de sensibilidad
transversal en el extensi{metro, puede tener influencia en los resulta
dos, scbre todo cuando se emplean bandas rosetas. A continuacidn se
indican las correcciocnes que deben efectuarse sobre los valores de de
formaciones principoles, asf{ como sobre la distancia del centro y ra-

dio del cfrculo de Mchr.

Sea ﬁu"f”l los valores de las deformaciones prin-
cipales calculados y Kt el factor de sensibilidad transversaol, los ver

Y 2%

P g



daderos valores o Sge )
' - X
E'|M - ,—L (EH -;k!: 'C'm)v o _ _ o ‘55]

J+K?

{L:_L‘_/.“__K*__ ({M_KtEM)‘ L [5€]
J- K | |

3‘:-&@—}\(4/'(;%\- . -
-t (}—/u.kt)/ (J+l<t)~ o - =

S stooa o caelphare A

-26-
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PROPIEDADES DE LOS METALES DE USO MAS CORRIENTE

Kousr .
Module Cneligiam a ok fitarstion
dVoung ¢ Posson _E : —[—, i o : /u., AR 194,00
000 i mmt ) fad) Py Il — [T 1945 kgim
Acier de Constrction .| 21.0 0.285 16,34 2937 22.87 20 4 60 } 780 13
Acier 455C06 . .....] 22,0 0285 12,12 30,77 23.97 145 1 7,40 13
Aciers visntanty usen . [ 2700 0.79 17,06 30,99 2402 1 762 25
Acier inorptable 18-10. .| 20,3 0.29 15,74 28,50 2218 38522 1 7.90 16,5
IR BT 0,29 10,93 16.86 15,39 40 4 55 1 < 09
Fonter grizes comanten . L} 9312 | 029 20593 1278169 984131 | 729 16425 33 71472 9an
Fontes grisas ayta. ..., 10 411 ¢.29 7.7 2100 (%40 518,3 109,552 103 15 22 334 3.4 71474 LR
Fontes grises fingendres | 54 8 029 1304562 2044128858087 8312 3,5 714722 ) 9an
Forta graphite sphécaidal | 16 218 | 029 J129 p a0 (2224252 1254196 {17538 26 i 6O 1.2 71a73 [ 1t k12
Foates blarchesnon alhies] 16 5 20 | 028 {124 & 155 3223287 |175421.8 20 &40 3 75478 [ 94m
Fontas putibables .....0 17419 017 14 415 Posaz2ze 17548195 [163 38 203 60 1 7.247.4 gan
10,55 0,34 787 15,98 11,93 10425 | 20447 1 4,51 8.9
" 10.8 0,34 813 16,52 12,33
AMage mane TARY ....4 105 0,34 7,83 15.91 1188 60 90 i 4,42 8.0
Amimtem ., ..., 7,05 0,34 5,26 10.68 7.98
Abagralu ki 4 6 ... 7.5 6,33 563 11,19 241 1 20 1 2.8 235
Adliage #u 411 7 GV ... 7.5 032 560 11,36 848 12 ay 3 28 2222
age st B 5 6T, ... 2.0 .34 522 10,61 .92 10 22126 1 2,8 23
Tcral AZBGU .. .0 1 us . 7.2 0,34 537 10,91 B14 65 1 2.8 235
Covtt_aeenronaae,.] 100 0,33 7,51 14,92 11,22 18 1.3 8.9 17
Laten. .. ... .- 9,2 033 692 13,73 10,33 20 1.4 7.30 iy
Bronzt ¢rduaire . . 106 0.31 8,09 15,36 11,73 24 3 4,40 17.5
Bronzs 3 beryinn 13 0.34 970 1970 14,71 80 3 8,25 17
Bacyllivm . 30,0 0.05 28,57 31,58 30.08 29 30 3 1,85 124
Magnfsivm .. ... 4.60 0.34 343 687 5,20 1.74 25,6
0.3 2,00 371 2,80 50 15 23" .8
03 11516 | 20430 [1.5423 30 1 1.9 14
02403 50486 | 75486 lc2a66 a8 10
Pluniglass 0,29 0.4 0,207 0.483 0,345 8 1,2 1.8 804 90
Aaldit. . cvuaenena.] 030 0.4 0,274 0.500 0,357 548 1.2 1.16 90 4 130




—Problema-ne 1-

1.16_PROBLEMAS DE CALCULO EXTENSOMETRICO

.

£ ‘ — —

Una barra de acero esté sametldu a una trac016n pura,
montdndose una banda en el sentido de la traccidn. Cal
cular las tensiones prlnmpcles. si 1eemos 1275/u8 Y

el acero de la barra tiene E= 21000 Kg/mm y p= 0,28
'

Problema n? 2

E ] '
| Iﬂ .En un depésito calindrico de aluminio (E= 7200 Kp/mmz;

)u= 0,33) se admite gque las dirqcciones principales -

coinciden con los ejes verticaol y horizontal y en ta-

52 E les direcciones se montan dos bandas extensométrlcos -

respectlvamente. Las lecturas bajo corgo son:

]

para Jr €1 3950/ué . : e
Jo Ep = 2540/\16_ e

Calcular las tensiones en este punto.

Problema n2 3

o\

En un eje cilindrico de acero (E= 210Q0 Kp/mmz/u= 0,28)

/////’;’ de BO mm de didmetro se han montado dos bandas, J, Y
> .

J 4§§‘ Jo a 452 respecto a su eje. E1l eje no sufre flexidn,
s ;

pero si una cohprasién Py u. wumento de torsién M.

En el curso-de una primera experiencia, se obtienen -

R:Hon\ml como lecturas las siguientesf ) !
€= -€ = 1830,ud

:Cuales son los tensiones en el punto? 2Cual lo fuerza de compresidn

y el par?

~

En una segundc experiencia se obtiene

€, = 2560/u§> y €, = - 1oao/u§> I

¢Cuales son la fuerza P y momento M?



" Los problemas siguientes, se refileren al cdlcu

-

[
o'ﬁ A

setas, en elleos deberemos colcular:

- Direcciones principoles mdximgs y minimas

- Deformaciones y tensiones méxima y minima.

Problema n? 4

Problema n? 5

Problema n2 6

Problema n2 7

Problema n¢ 8

Roseta de 45¢
5 .
E= 7200 Kp/mm /u= 0, 34

Lecturgs: A = = 3790 /Jé Lo
B = - 3220 /ué '
C = - 4750 /ué

o

E= 7200 Kp/mm2 Ju= 0,34
A= + 2080 u é
B= - 1800 u &
= - 1200 /ué_

E= 21000 Kp/ mm° = 0,29
A= + asao/uﬁ -

B= + 1930 puo

C=. + 1370/».2,

E=" 21000 Kp/mm2 4= 0,29
A= 4 1-,792'/u8
B= 817/uc3

e 868 u 0

- E= 21000 Kp/mm2 /Y= 0, 29

A= 4 340 /ué-
B~ 4 520
Ce - 710 u

-~

u

e O

™

Dar directomente las tenciones, sin pasar por deformac iones.

- -30-



Problema n? &
A Rosetas de 120¢
*.l E= 7200 Kp/mm“ '/u= 0,34
* A= + 2400 ,ud

B‘/// | \\\~C /

Problema n? 1O

Problemas n2 11

Problema

ng 12

I

B= ¢ 2010 ,u .
/
C= § 1370 /ué

E= 7200 Kp/ mm2 Ju= 0,34

A= + 4410 ub
M
B= - 540 pO

C= - 1920/&5

E= 21000 Kp/mm2 Ju= 0, 29

A= -lZD}Lé
B= 4540 )J.b
C= &310)Lb

E= 7200 Kp/rnm2 Y= 0,34

A= 4 1795};,5
B= ¢ 1803}/.5

C= + 1812/.5

._3' -



'II TECNICA DE UTILIZACION DE LAS BANDAS EXTENSOMETRICAS

2.1, FABRICACION DE_BANDAS EXTENSOMETRICAS

¢

Una banda extensométrica estd formoda por dos elementos
fundamentales que son el soporte y el conductor eléctrico sensible a
las deformaciones, habiendo evolucionado grondemente la constituciédn

y tdcnicas de fabricaocidn. de dichos elementos.

En un principio, s& emplearon con gran difusidn soportes
de papel y conductores de seccidn circular colocados segdn la fig. 1,

‘pero entre otros, presentaben los gra-

ves inconvenientes de la higroscopidad

. 1

[L ﬁ] del paopel, que hacfa perder el aislamien

— —r | to de lao banda y el elevado factor de =
F. 1 se_nsibilidod transverscl en las partes

tg curvas del conductor, intentdndocse com-
J._._. pensar 4ste Yltimo efecto dando forma

de zig-zag u-otros disefos ingeniocsos

L
—T . .
(fig 2). Actualmente una banda de cali-
R _‘L dad se fabrica sobre soportes de _r_esinc:s
= epéxicas.y por el procedimiento de foto

——— grabaodo, Se consiguen formas y dimensio-

. _ nes imposibles por los métodos cldésicos
Fl-gz . (fig 3), yo que los modelos pueden hacer
se a escalas mﬁy aumen tadas, constituyen

éstas las llamadas bandas de trama pelicular o de film metdlico.

Los principios en que se basa la extensbmetria. suponen
que las isostéticas de la estructura bajo ensayo, pasan a través de lo
porte activa del extensimetro’'y se ha podidc comprobar por fotoelasti-
cidad, que. en un ;a'xten'sfnvetro peéddo a‘.una estructura, solo en sus ex-
tremidades hay distorsidn de aquellas, y né en la zona central; por di-
cho motivo, dando o la banda la forrﬁa indicada en la fig. 4, conseguire

' . mos establecer en los extremos de los -

r § ! AU conductores actives una zona de anclaje
' * @ en la que se inciden los isostlticas y

Tﬂ; por su méyor seccidn r'es;)e'cto a la parte

- (ﬁ) @ activa la variacién unitaria de resisten

B cia es menor y despreciables los coefi-

Flss cientes de sensibilidaod tronsversal y =

¥

longitudinal,



La posibilidad de disponer de superficies cdeéﬂbdd%?po-
ra la soldodurc de los cables y la transparencia deé los soportes, que

permiten una colocacidn Sptima-del extédnsfmetro, - ofiaden ventajos a éste.

Las aledciones del metal conduc%or responden a lgs carac
ter{sticas espec{ficas de ¢ada tipo, siendo a veces riguroso secreto
el proceso de fcbricocidﬁ. en el gque se incluyen técnicas sofisticodcg
para consequir mejoras en la utilizacidn de extensfmetros. A tftulo de
ejemplo, en la serie CEA de la caso Vishay-Micromesures, el tratamien
to dodo a los extremos para soldadura de cables, hace posible que la
unién soldada tenga mayor resistenciac meclnica a la traccién que el -
cable gque normalmente se utilizae, ventaja &ésto que confiere seguridad -
 Cola  setalicas Conductor o una medida extensométrica.

Sumerze . .
—Ei"—z‘ Otras ventajos de las bandas de film me-

tdlico residen, en que dado su pequefio es

pesor {4 micras), no introducen errores
en la medida de deformaciones de seccio;
nes delgados y se odcptdn me jor sobre . =
cualquier superficie (fig. 5).

Dejando al margen las bandas semiconduc-

'torqs (de lgs gue nos ocuparemos en otro
copftuio) vemos en lo expuesto, que el -
verdcdéro sensor de las defofmccidnes es
el conductor, siendo el soporte un medio .
de transicidn con la estructura, por 1lo
que exige del pegado a la misma (bonded
strain gouge)'ﬁero. en aplicaciones para
fabricacidn de transductores, suele em-

plearse el conductor suelto montado sobre

zaff{ros oislantes, (fig.6) que se deforma bajo estfmulos mecdnicos, -

sin necesidad del soporte propiamente dicho (unbonded - Strain-gouges).

La baonda puede ser posteriorménte'sometida a recubri-
mientos y opciones tales como inclusiédn de hilos de salida-soldados,

que en determinadas aplicaciones resultan de interés,

2.2 CARACTERISTIGAS TECNICAS

22.1 Valer 8hmico.
El valor de la resistencia hmica de una banda viene -

condicionado por motivaciones de tipo eléctrico, y hay razones pard
-2, - -



que dlcho valor sea elevado de unc pcrte o pequeno de otra, por lo

que dabe estcblecerse un compromlso entre las posfuros extremas.

Motivos que aconseJcn un vclor elevado de resistencias:
1, Sefiacles elevadas para deblles.deform501ones, en efecto, la sefial
es funcidn de la tensidn de excitecidn, por lo que conviene que &sta
sea elevada, péro para gue no circule una corriente excesiva, que -
por efecto Joule produzca un calentamienté inadecuade, el valor Shmi

co serd alto,

2. Evitar los errores producidos por logs resistencias de contacto de
los conmutadores y lfneas de conexién a los instrumentos, pues sien-
do éstos valores pequefios su influencia serd menor cuando mayor seaq

la resistencia de la banda.

Motivos que aconsejan valores pequefios de resistencias

1. Evitar la cofda de tensién interna considerando a la banda como

generador de tensién,

2. Conseguir mejor aislamiento eléctrico entre la banda y la estruce

tura.

3. Mayor robustez, pues resistencias elevadas obligan a conductores

de muy peguefia seccién y por tanto frdagiles,

Por lo expuésto se ha establecido como valer normal y
de uso més generalizado el de 120 ohmios, siendo también muy emplea-

dos los 350 (generalmente en transductores) 600 y 1000 ohmios,

Los tolerancias de fabricacién son muy estrechas O,15%
con el fin de poder equilibrar los circuitos de'medida, pero no seria
prdctico un exceso‘de-dicha toler&ncia en lIimites que puedan confun~
dirse con la variacién 18gica, que poér eféctb.de montaje, sufrirfa la
banda en su instalocidn. La exactitud de la medida no serd afectada,

por ligeras dispersiones del valor nominal,

También se construyen bondas con valores nominales que
son fracciones de los indicados para los casos en que lo medida re-
quiere .un circuito con dos, tres & cuatro bandds en serie (se hacen

de 30, y 60 éhmios u otros valores gque no suelen ser standard).
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2.2.2. FACTORESWE(

En el estudio tedrico de las bandas extensométricas ~
(1,2) vimos que hay dos foctores Kl y K2 que relacionan la variacidn
unitaria de resistencia del conductor con la deformacién que sufre -
en sentido longitudinal y transversal respectivemente por efecto .de
los solicitaciones o que esté sometido el elemento donde se instala
la banda, g

La variacidén de la resistenciao es motivada por el cam-
bic de la geometrfa del conductor y de la conductividad, pero si bién
el primer factor afecta précticomente igual a todos los metales, el
segundo es funciédn de la aleacidn empleada en la faobricaciénm del ex-
tens{metro y es por eéto razén por lo que la formo y dimensiones de

la banda no influyen sobre el factor de sensibilidad.

Los constructores de bandas, utilizan procesos de fabri-
cacidn que mcntienen el valor del factor de sentibilidad dentro de -
unas tolerancias estrechas en una serie, por lo gue es importante en
medidas con varios extens{metros procurar que no haya dispersidn en
dichos valores, ‘

Por rozones de la instrumentacién asociado o las medidas
extensométricos, se toma como valor nominal de la sensibilidad lohgi—
tudinol de las bandas el de 2 y tolerancias admitidas come muy buenas
son del 4 O,5%. E1 factor de sensibilidad transversal se expresa en .

tonto por ciento del longitudinal y no debe ser superior al 1%,

El fabriconte indica el valor de K obtenido en unas con
diciones determinadas de temperatura y sobre nedidos efectuadas con
probetas de médulo de elasticidad y coeficiente de Poisson conocido,
inciuyenao curvas (fig. 7) donde se indica la variaciédn del factor K

respecto a variaciones de temperatura.

Para medir ei factor K se utilizan balanzas de calibra-
cién baosadas en producir una flexién circular a una probeta-en la que

se montan bandas correspondientes @ uno misma serie.

N

L
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2.2.3, RESPUESTA DE TEMPERATURA

———— ——— s e

Una banda extensomdtrico_mide_todas las deformaciones -

que experimente el elemento sobre el que se monta, peroc sabemos que -
las deformaciones producidas por dilatacionss térmicas homogéneas no

crean tensiones, por tanto (fig. 8) si considera

guna y hay variacién de températurc, aquella se
dilatard y habrd una deformacién que acusaré la

banda, pero por no originar tensiones, debe ser

considerada como error,

El error por variacién de temperatura se corrige,

dentro de c¢iertos 1{mites, fabricando el conduc-

tor de la banda con coeficientes térmico de va-

mos una viga empotradc en un extremo sin carga al

riocidn de la resistividad de igual valor y signo

contrario al del coeficiente de diloatdacidn 1{neal
del cuerpo sobre el que montan.
En efecto: . _ o~
o “mt T, : ’ roT
Rerfo 3‘ Re- P h}t) ——-—----( ) :

oiscoeficiente dilataciédn lineal

: . A ici , iacié
AR R-R o bt bopptlso  Brigmiiente o it teed”
o=~ : '

‘La relacién q-.--_p solo es lineal dentro de unos lfimites de tempera-
ture papa los cuales Sse dice que la banda estd autocompensada, los fa
bricantes indican la curva de respuesta en temperatura de las bandas

expresadas como microdeformaciones aparentes (fig.9).

En la flg. 8a vemos que al dilatarse la viga, si la ban
do es autocompensoda. no experimentard vcr10c16n alguna en su resis-
tencia, por p&;gontrar1o (fig.8b) si la viga esté empotrada en sus ex
tremos, se origindh ésfuerzos de compresién cuando dilate y la_banda
por tener el coeficiente 1}5 acusar unlincremenfo negativo en la -
variocién unitario de resistencia, acusondo precisamente la compresién

habida,

Una banda solo puede ser compensada para mate?iales que
tengan idéntico coeficiente de dilatacién. Normalmente se .compensan =
pora ac‘ert{Qs".'d‘/’C) y cluminio(ﬂ!ﬁa.{o"/"C),

Veremos en el capftulc de técnicas de Medida, que los
efectos de o}igon térmico pueden compensarse con disposiciones de men

taje adecuados,
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2.2.4, LIMITES DE DEFORMACION: ESTATICA Y DINAMICA

Lo méxima deformacidn que puede soportar un'extensfmef
tro bajo cargg estdtica se expresa en %, de la longitud de su rejilia
o parte octivg y depende de varios factores, entre ellos:

o) Temperatura de utilizacidn. E1 volor indicado por el fubricante se
refiere a temperaturas ambientes (249C) pero a temperaturas criogéni-

cas, la deformacidn es $Solo ‘una pequefic fraccidn de dicho valor.

b) Ductibilidad de la cleGCi6n‘que constituye el conductor sensible,
c¢) Moleabilidad del soporte de la banda y del adhesivo, ‘
d) Forma y dimensiones del extens{metro.

e) Calidad del montaje en la extructufa

Las bandas impresas de tramo pelicular, admiten mayor

deformacién estética que las de hilo.

El fendmeno de fatiga bajo cargas alterna, presenta as-
pectos .que influyen en las medidas y deben tenerse en cuenta pues pue

den introducir errores.

K

-

El conductor metélico del extensfmetro cuando se monte
sobre estructuras sometidas a tensiones alternas, sufre una fatige -
cuyo efecto prihcipul es producir una derch del valor Shmico de la -
banda, por éste motivo se ensoyoﬁ las bondgs sometiéndolas a ciclos
de amplitud constante(t(SOO)n.S;twO’.‘....) observando cuando la deriva
del valor éhmico representa una deformacién aparente de 1oo/u6 , va-

_‘lon éste admitido como limite (fig. 10).
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Si en una medida dindmica gqueremes obtener con exactitud

los valores de las componentes est&ticas y dinémica (fig., 11) presta=-

remos especial atencién en la eleccidn del extens{metro adecuado y so

bre todo se cuidard_que las soldaduras de los hilos de conexidén de los

%
Bt

% o0 4
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instrumentos a la bonda sean puntuacles pa-
ra evitar concentracidn de esfuerzo en la
banda y que el tamoafic de la misma seaq muy
pequefio, ya que son los factores més influ
yentes pord'evitor llegar al 1imite de fo-
tiga. En un fendmeno vibratorie la deriva

no tiene gran importancia si lo que intere

ol 02 ol qh N5

‘LL © sa conocer es solamente la amplitud de 1lc

i L
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2,2,5,

oscilacidn,

LIMITE DE LA RESPUESTA EN FRECUENCIA

Una banda extensométrica por tener una longitud finito,

\ .
actua c¢omo un integrador de todas laos deformociones que ocurren a lo

largo de la parte activa, por esta razén si la longitud de onda del

fenémeno vibratorio que se quiere medir coincide con la longitud acti-

va de la banda (fig, 12) no acusaremos deformocfdﬁ
alguna pues la mitad sufrird alorgamzento y la -
otra mitad compresidén.

Las defonncc1ones son fendmenos que se propagan

a la misma velocidad que el sonido, por tanto co-
nocido éste walor y el de la frecuenciag del fené-
meno, la longitud de onda A rnos indica el valor
1f{mite en el cual una bondo de longitud activa=1gA
no causarfa deformocidn.

Para evitar la anomalfa anterior se admite como
valor normal de 14 el 10% de A\ con lo que

el %4 de perdida de sensibilidad es pr&cticamente

‘nulo (fig. 13), _;f
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Se fabrican bandas con longitudes activg§%de 0,4 mm bor
RN

. . _ G &
lo gue se pueden medir en aceros (¢=5bbbrn/k3 ) frecuencias de 10" Hz

By o -

aunque la limitacidn en &dste caso estd en los instrumentos de medidc.

Otros factores influyen en lo limitacidén de la respues-
ta en frecuencia de las bondas, pues si bien lé debil mosa de inercia
de la misma favorece el seguir fielmente un fendmeno dindmico, lc elas
ticidad de adhesivos y soportes debe tenerse en cuenta, aunque su vo-
loracidn es dificil de obtener de forme experimentcl,debiendo CUidSr—

se la eleccidn de adhesivos en medidaos crfticas.

2,2.6, FENOMENOS DE FLUENCIA E HISTERESIS

Supongamos que una probeta sobre la que hay montada una
banda extensométrica es sometida a esfuerzos de traccién simple (fig 14}
las deformpaciones de la probeta son entonces tronsmitidas al conductor
cctisg$g;§scdhesivé y ‘del soporte, creandose unas solicitaciones de cor
' ' tadura principalmente en los extremos de

le bando, que deben compensorse con la fuer-

za - antagonista que se origino en el con-

ductor activo.

La calidad del adhesivo y su elasticidaed

i :—Qi"‘ determinardn 1a magnitud de la relajacién -
del mismo bajo las solicitaciones constontes a que esté sometido y por
consiguiente que permita @l conductor activo un lento retorno a su es-
tado original, El fendmeno descrito es el de fluencia de una bonda y
tiene importancia considerable en medidas estéticbs,no siendolo tanto

en medidas dindmicas.

Por la propiae naturaleza del fen6meno,se vé que 1la tempe
ratura juega un papel importante en la fluencia, as{ como las dimensio

nes de la banda, perticipaondo en razbn inversa al tamafio,

Es préctica muy aconsejable, someter las probetas a car
gas y descergas sucesiveos de maegnitud lo mayor posible, antes de efec

tuar las medidas,

Ligado al concepto anterior puede considerarse el fend-

meno de histeresis, el cual ocurre cuando queda una deformacién residual

i después de someter a solicitociones lo probeta sobre la que esté ins-
' taloda la banda, siendo el principal motivo de este fendmeno que el

adhesivo o soporte absorba parte de la energfa de deformacidn y no la

g
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transmita al conductor activo.

'2.2.7. NIVELES OPTIMOS DE EXCITACION

La sefial eléctrica que obtendremos de cualquier circuito
de medida con bandas extensométricas , ser§ proporcional a lag tensién
de excitacidn del mismo, lo cual hace presumir el empleo de niveles élg
vados de excitaciédn, sin embargo hay razones para limitar dichos nive-

les,

La corriente eléctrica que circula por el conductor de
una banda excitodq,origino por efecto Joule, una elevacién de temperatu
ta al disiparse el calor producido, por cuyo motivo'pueden agparecer las

perturbaciones siguientes:

a) Alterar el efecto de autocompensacién, cuya estabilidad es mejor con

niveles bajos de excitacidén,

b) Modificacién del estado de tensiones de lo estructura bajo ensayo,
al gbsorber ésta el calor disipado por 1la bandag, sobre todo en materia-

les plésticos.
d) Derivas del cero, sobre todo en circuites con varios bandas y en los

cuales la disipacién de calor no seré igual y simultdnea.

Los parémetros de moyor incidencia en la determinacidén

del nivel 4ptimo de excitacién.de una banda son:

1.- Superficie de la rejilla, cuya influencia afecta al poder de disi-
pacién de calor.

2.~ Resistencia Shmica de la banda, que limita el paso de corriente,
3.- Coeficiente de conductibilidaod térmica de la estructura,.

4,- Tamafio de la probeta o estructura donde se monta lg banda, que de-
termina el poder de absorcién de calor,

5.- Condiciones ambientales.

6.- Calidod del montaje de le banda, cuidéndose de gue no hayon burbu-

jaos de aire entre el soporte y la probeta,

En la tabla I se indica la potencia por cm2 que pueden
" disipar las bandas segdn los materiales donde estén montadas y para
precisiones bajas, elevados o medias (datos cortesia de_Vishoy-Microme-

sures). -

Pl
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3 POTENCIAS RECOMENDADAS EN WATS/CM2
PRECISION REQUERIDA
DISIPACION DE . ESTATICAS DINAMICAS
CALOR ELEVADA MEDIA BAJA ELEVADA MEDI A BAJA
Excelente., Piezas 0,30 & 0,75 0,75 § 1,5 1,54 3 0,75 & 3 1,5 & 3 3 4 8

grondes de alumi-
nio o de cobre

Buena, Piezas -
grandes de qgce-
ro.

0,15 4 0,30 0,30 4§ 0,75~ 0,75 4 1,5 0,75 46 1,5 1,5 & 3 3 & 8

Media. Piezas pe-
quefias de acero -
inoxidable o tita

0,08 4 0,15 0,15 4 Q,BO 0,30 & 0,75' 0,30 41,5 0,75 & 1,5 ;1,5 4 3‘
nio. | ' ' '

Mola. Pldsticos, ‘ ‘ L ' '
resinas epoxy. 0,01 § 0,03 0,03 & 0,08 0,08 & 0,15 0,08 § 0,15 0,15 § 0,30 0,15 & 0,75

Muy mala. Polies _ _ ,
tireno, materiales 0,001 4§ 0,003 0,003 6_0,008 0,001 4 0,03 0,001 4 0,008 0,003 4 0,015 0,03 4 0,08
agerflicos. )



La tensién de excitacién se deduce a la férmula:

2

Potencia disipoda:i-—Ve©=-We, , en donde

- 4R
Ve= Tensidm de excitacidn en Voltios

R = Resistencic nominal de la banda

La potencia por unidad de superficie es

Siendo S la superficie de la rejilla

Si solo disponemos de una fuente de alimentacidn con s
lida fijo de tensidén y esta es elevada pare excitar el circuito de m

dida se ponen en serie unas resistenciaos dque produzcan ung caida de

tensién determinadaq, pero sin olvidor efectuar las correcciones adecu

das' por la perdida de sensibilidad que introducen las mencionadas re

tencias.

A0f



3. PRACTICA DE MONTAJE OE BANDAS

.3.1, Preparacién de superficies

|

La instalacidn de una banda extensométrica tieme como

‘undamento la perfecta uniédn entre la bonda vy el cuerpo de ensayo.

Para el extensometristé‘cado Eontcje de circuitos de
iedida supondrd un cumento de su experiencia y una gcrcnt{q de que
iu labor es satisfactoria, solo cuando por un exceso de confiaonza
jmite alguna de las operaciones que se indican como preceptivas, el
;rror aparece, pero desgraciadamente no se manifiesto inutilizando
.6 medida, sino dando como ciertos unos resultados felsos, de aht
iue serd criterio firme el observar toda la meticulosidad humanamen
Ee posible, con la certeza de que, si as{ 'se hace, se obtendrd re-
fultcdos que justificafdn el empefio puesto,
‘ |
I

| La bonda'ppede'eiegirse, dentro de ciertas opciones
]ue ofrece el fcbricontet adaptoda o las condiciones de utilizacién,
?ero ne as{ 1lag éuperfici? donde deba instolorse, por lo que ésta Gl
éimo deber§ ser preporcdﬁ por el usuario, asi como la soldadura de
ables gque configuran el circuito de medida.

~
-
i
|
|

2,5.1. Preparacidn de superficies

? Toda superficie que debe recibir una banda se someterd

jeneralmente a unos tratamientos mecénicos y quimices para conseguir
gl‘mayor.rendimiento»del adhesivo, sin que dichos tratamientos pue-
dan suponer una modificacién local de las caracter{sticas del cuerpo
g ensayar. Dimensionalmente, se tratard una superficie doble (como

|
nfnimo).de la superficie total de la banda.

t

El proceso prévio serd el de limpieza y desengrasado,
borc el que se utilizor& preferentemente cloroetileno de calidad, pg
?a metales y fredn para pldsticos, para ello se deposita el desen-
Ercsunte sobre la superficie (se facilita esta operacién si viene en
Lcsado en spray) y sin dejarlo evaporar se seca con una gasa limpia
P de una sola pasada, repitigndose esta operocién hosto que la gasa

bparezca totalmente limpia,:

Conviene indicar que siempre que haya que limpior o se
car una superficie debe hacerse con una gasa limpia (no necesariomen

te esterilizada) o o veces con papel cbsorbente tipo Kleenex pero nun
| . -4
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ca con olgodones que dejarfan hebras depositades. Ademds la limpief

se hard en una sola pasada.y_jamés_utilizando la misma gasa para df

“pasados sucesivas, las razones son obvias ya que si la gasa es rep!

sada sobre la superficie, en vez de limpiar por arrastre, por efec|
de estar impregnada de disolvente, la suciedad o grasa existente s

disolver{a més, entrando en las minusculas oclusiones que existan,!

v
v

En montajes sobre metales, recordemos gque al estar d
tituidos por cristales orientados al ozar, un pulido superficial p
sentarf{a el aspecto de un espejo al quedar incluidas entre los cri
tales las pequefifsimas part{culas arrancadas, por lo que la cdhesi
y cohesidn en estas zonas seria muy dudosa, por tal motivo se comk

. . . . l
el trotaomiento meclnico por abrasién con un atague por un dcido de

s ]

El proceso de abrasién dependerd del estado iniciel!
la superficie comenzando con papeles de carburo de silicio de grc{
400, 200 o 150 respectivamente y que previcménte se ha humedecido |
el dcido, atacando en sentidos alternatives y que for@en 902 entre
ellos, con el fin de en cada posadg, eliminar las “"crestas" que sd%
el metal se van marcondo; la coloracién peculiar que adquiere la ¢
perficie y la desaparicidn de las marcas en un sentido cuando se 4
que a 908%, indican que esta operacién estd concluida, debiendose p{
ceder inmediatamente al secado con gasas. ) i

: |

FPosteriormente y de inmediato, la superficie se humi

ce con un producfo neutralizador (solucién alcolina detergente) d

fin de que su pH sea adecucdo parc recibir el adhesivo.

En resumen haremos lo siguiente:

12 Limpieza grosera, quitar éxidos pinturas, etc, en una superfic

doble que la de la banda.

22 Desengrasado absoluto y secado,

I
E
|
1
!

32 Abrasién progresivacombinada con &cido y secado,

42 Neutralizacidn y secado. . ' ‘ |

¥
Légicomente el proceso anterior es indicado para ciertos metales,

siempre hobrd que seguir las indicaciones concretas del fabricant

de la propia experiencia,

43( . - ‘.f
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5i se trata de superf1c18$ porosas como el caso del hor

1gdn, habré que impermeabilizar la zona de asentamiento de la banda,
t

on51gu1endose buenos resultados dando después de la limpieza, una ca

P previo de adhesivo,

: En vidrio y plésticos serd suficiente el empleo de fredn

su limpieza con gasas.

.3.2, Trazado de ejes de referencia

| feeem g : Una mala alineccién de los ejes de la benda
EO-}'

con la direccién en lo gue deseamos medir

las  deformaciones introduce errores gue son
funcidn: de la relaciédn entre las deforma-

cicnes mé&ximas y minimas, del &ngulo que -

_——

forma la direcciédn en la gque se desea medir

- £, iy lo direcciédn de la deformaciédn principal
b b

].*_.._-.. £, ——= IJ méxima y del dngulo @ o errorde montaje de
figi5 ' 1la bonda (fig. 15).

!

Como por éa?ones de montaje sclo podemos influir sobre
jS ' tendrembs que esfof;prﬁos en coqseguir que este error sea mfnl
o, para ello haquue_Jété;ﬁinqﬁ,Sobfpjlo superficie de asentamiento
e lo banda, los ejes de lo direccidn en que deseamos medir, pero ten
remos que tener en cuenta que ho podemos cho ningdn pretesto, alte
ar el estado de prepcrcc16n de la 5uperf1c1e seglin se exp11c6 en el

partado anterior,

Algunos montadores utilizan (nefostamente) puntas de

fero de trazar, que al produc1r pequefias incisiones en el matericl,
lteran su extructUro] por tcnto, nosotros recomendamos siempre que

a posible no trozar sino grabar quimicomente los citados ejes.

e

|

I Con los instrumentos cdecucdos a la precisidn de la me
ida (escuadras, gonidmetros, compds, trozadores &pticos de precisién
¢. etc) buscaremos unas referencios ortogonales en los l{mites de

o Zona que se hc'limpicdo procurando que no haya contocto de los =~

. e e ey e T

tiles con la superficie limpia, para evitar su contaminacidn; situg
Fs las referencias tracemos con un bolfgraofo de punta fina o con un
bpiz de grafito duro {5 &§ 6) los ejes completos sobre la superficie

reparada. Postericormente, un palillo cuyo extremo lleve una bolita
i

i .-
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fena preperaia 4o glgoddn (  los utilizados en Pedigtrfa y

de venta en farmacias son muy cdecuados) se

N |
(;ﬁ\x :FHL‘\\7 { “humedece con 4cido—y-se pasa sobre los tra-

zos del boligrafo o 16pii,seccndo a continua

{' 16 - cidn y se repite la operacidn pero humedecien

do un nuevo algodoncito con neutralizador; de

esta forma la superficie mecdnicamente no se

hao modificado y 8{ veremos que han sido gra-

bados los ejes de referencia, ya que la marca

de grafito ha impedido la aoccidn del 4cido -
sobre la propia linea y a continuacidn el neutralizodor ha limpiado el
grafito que se depositd, Este procedimiento tiene uno demostrado efi-
cacia por innumerables experiencias y es prdctica su aplicacién en me

tales,

Otra solucidn consiste en marcar con l4piz los ejes, pero
sin que estas lleguen a cortcrsé dejando siempre libre la superficie -
del soporte de la banda {fig. 17) pero se ve que conseéuir'este entra-
fia una pericia grande y no queda exenta de problemas de contaminacién

de lo superficie,

2.3.3. Pegado de extens{metros

El adhesivo utilizado para el pegade de bandas deberd
reunir. unas caracter{sticas odecuadas o su uso y nunca se pecard por
exceso en las exigencias gue en su eleccidn hagamos, Tienen preferen-
cia todos aquellos que solidifican por polimerizacién, es decir que
la totalidad de los 4§tomos que forman los componentes (normalmente dos)
constituyen el $olido final, a diferencia de los pegamentos normales

que solidifican por quporaci6n de un disolvente.
En general un buen gdhesivo tendrd las siguientes carac-
terf{sticas:

a) Permitir su aplicacién en pelfculas dalgddus'parc no introducir -

errores por distanciomiento de la rejilla a la superficie.‘

b) Ser néutro a la superficie y al soporte de la banda.

¢) Transmitir los esfuerzos o la banda sin fenémenos de fluencia,
d) Técnica de aplicacidn focil,

e) Utilizacidn en un mérgen lo més amplio posible respecto a condicio

nes ambientales,
-44 - . :
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p;' s Serf dificil que un solo adhesivo cumpla en_gradquéptimo
las condiciones anteriores, paro siempre serd factible establecer un =

compromiso para aplicaciones concretas.

. Hay pegamentos de aplicacidn sencilla y rélpida cuyo uso
es de interés en piezas grandes y usos generales donde lg medida se -
hoga o temperaturas ambientales normales {20¢ & 6C2C) un ejemplo de -
aplicacién de las mismas se expone grdficamente en la fig., 18, refe-

rente al tipo M-200 de la firma Vishoy—Micromesures.

Para aplicaciones que exijan una mejor precisién, como
puede ser el casoc de fabricociédn de captadores, se utilizardn adhesi~
vOs que deben someterse a un tratamiento térmico, operacidn que no de
ja de ser engorrosa. En cuclquier caso, el fabricante dar§ normas cla
ras de cplicecidn. Para usos de condiciones extremas {10002C) se com-
prende gue los adhesivos se descompondrfan, para ellio, existen bandas
encapsuladas en una vafna metdlica que son fijadas por soldadura eléc

trico por puntos con utensilios adecuados,

Junto con la banda, es muy préctice pegar unos soportes
de termincoles impresos que ayudardn.a la soldodura e instalacidn del

cableado,

-15 -



a) la banda y el terminal impreso

se colocon sobre un cristal total-

mente limpic y con papel transpa-

rente outoadhesivo, se cubren y se d) depositar una o dos gotas de
separan del cristal procurando no adhesivo sobre la superficie de
doblar la banda. asentamiento.

b) se situa la cinta y banda so-
bre el punto de medida, fijando

un extremo y levantando el otro.
e} se va bajando la cinta y con
un dedo se hace ligera presién

de izquierda a derecha y evitan
do tocar directamente el adhesi

vO.

¢) con el pincel del acelerador se 2r
aplica éste sobre el reverso de la EE R \
banda y terminal, procurando "no - .

contaminar la banda con adhesivo de

la cinta., Dejar secar un minuto.

. 1y

L f) una gasa se pasa varias ve-

ces parg evitar se formen burbu

jus de qire,

- . 4 anr T g
- - — 2.

g) a los 10 minutos como mfnimo
se puede retirar el popel trans
parente que ayudd a pegar 'la ban

da como se indica,

fig, 18 _467‘-



Lo -soldadura de las bandas ¢ los hilos de unidn de los
.instrumentos de lectura, requieren una especial atencién y el monta-~
dor necesitard adquirir cierta expeciencio para dominar esta opera-

cién.

En 1la composicién de las scldaduras se emplean cleacio

nes de plomo con estafio, plata o antimonio, que llevan o né incorpora .-

da una resino y seglin las proporciones de dichas aleaciones resultan
unas caroacterfsticas determinodas de conductividad eléctrica, compor
tamiento a solicitaciones mecdnicas, respuesta en temperatura etc.
por todo ellonoes recomendable el uso de soldaduras comines en aplica
ciones de taller eléctrico o electrdnico, Especicl otencidén tiene el
conocimiento de la temperatura de fusién que debe ser lo.més inmediag
ta superior a la que estard sometida el circuito de medida, con el =
ffn de no tener que aportar mds ccldr del necesario al efectuar las

soldaduras.

Segdn el tipo de soldaduro elegido serd conveniente o
necesaric utilizar un fundente, sobre t odo para hilos muy delgados,
pero serd totalmente imprescindible limpiar con un decaponte adecua
do los puntos de soldoduro_con el ffn de eliminer los residuos de -
fundente y resina que podrfan ccasionar corrosiones & fendmenos pcré
sitos por efecto "pila” ya que evidentemente quequIon doé metales y

urt electrolito.

gl'soldador jpego,un papel mu& importante, siendo récg
mendados aquellos qutemperdtho regulable; la punta del mismo nunca
serd cédnica sino‘que tendré una talla en formo.de bisel, Para evitar
que lds‘ccbles puedan ejercer esfuerzos en la banda que pudiesen‘defgk
riorarla deﬁé“utilizcrse‘siempre que seﬁ ﬁosible un terminal impfeso
que servirdnaeﬁapdyo al cable {que serd de varios hilos) al que pre-
viamente se le éépcﬁé un hilito y se estafi§é tal y como se indica en

la fig., 19.

Ebtaﬁar. Corfar . . . .
\ _ En general seguiremos el siguiente proceso:

{1019

12 Preparar el cable segdn la fig. 19
20 Proteger con papel autoadhesivo debil 1la

banda, dejando al descubierto solamente

los puntos de soldaduﬁu%ﬁ_ L

32 Depositar unc gota de soldadura lo més pe

quefic posible sin aportar excesivo calor
' -17-




; . {
que podria desprender la banda del soporte, No debe durar esta operga
cién mds de 2 segundos, si no se consiguen el primer intento, dejar

enfriar—y-repetir, - - :

42 Presentar el cable ya preporado y sin aporte de soldadurg, solamente
manteniendo caliente y mhy limpio la punta del soldador, fijar los ca-

bles o los terminales y a la bando, tal y como se indica en la fig.20.

En la banda conviene queila gotoiae soldadura sea lo me-
nor posible para evitar concentracién de esfuerzos, de ah{ que el pro-
cedimiento explicado favorezca ésta condicidn al ser mds fino el hilo
de unidn del terminal a lo banda, o la vez que se consiguen dar mayor
seguridod al montaje, pues un fuerte tirdn del cable romperfc el termi

nal pero no la bonda.

Hemos ofrecido unas normrs generacles ya que el fabrican

te indicard en cada caso las instrucciones concretas.

Una vez insralada una bando deberdn efectuarse diversas

comprobociones siendo preceptivas:

12 Inspeccidn ocular., Debe hacerse con una lup~ de 20 aumentos o mds
para confirmar Que se ha situado correctamente la banda o la vez
que se observard que no han quedodo bolsas de aire ni "logunas”

(zonas sin qdhesivos) bajo el soporte de la misma.

2¢ Comprobacidn del aislamiento. Se utilizar8 un megohmetro cuya ten-
sidn no exceda los 50 V, si es de vélvula mejor y jaomés se hard
uso de los medidores de aislamiento de tipo magneto gue quemarian

la banda.

El aislamiento deberd ser mejor que 100 megohms, ya que un aislo-
miento menor, equivale a introducir un error, por colocar en para-
lelo con la banda otra resistencio; se puede calcular dicho error,

en efecto, consideremos un aislamiento de 2 Mohms,

32 Medida del valor éhmico de la banda. Utilizar un instrumento que
aprecie decimas de ohmio como mfnimo; esta comprobacidn tiene dos
objetos; el primero sober gque no estd rota ni cortocircuitado la

rejilla y el segundo cenocer la dispersién del valor nominal, so-

-18-



bre todo en circuitos con varias bandas para controlar deseguili~

brios excesivos,

2.5,6. Protecciones

Desde medidas efectuadas en laboratorio, hosta las di-
ffciles en los conos de cohetes o cascos de barcos, encontraremos und
serie de condiciones ambientales que Juntqmente con lo duracién de la
medida exigirén proteger un elemento delicadoe con es la bandag exten-

sométrica de forma adecuada.

Las bohdas, de por si, son presentodas bajo opciones gue
aporton una determinada proteccidn, asf.;as hay encapsuladas sobre dos
18minas, una inferior que constituyq el soporte y otra superior de 1la
misma naturaleza y que deja iibre'solo los terﬁinales para la soldadu=
rao de cables, ésta proteccidn evita la proyeccidén del estafio en la Sole
dadura y mejora enormemente el aislgmiento. Otras opciones llevan uros
hilos soldados, por lo que el soporte superior cubre totalmente o ld

banda (fig. 21),

w 8 e A En general la proteccién la consideramos bd
- i jo el aspecto de cislamiento eléctrico y de
fortaleza meclnica‘y previamente a la instd
lucisn de la banda tendremos que conoceria,

para preparar lg superficie adecuadamente

antes del pegodo de la misma
£° ( ' Los criterios gue debemos tener en cuenta
1S§2~ - para elegir los productos de proteccién es

" tardn basados en:

a) Temperaturas extremas durante la medida, p.e. Probeta en laborato-
rio 229C 4+ 39C; estructura expuesta al spl O-602C estructura de Hn

avidn en vuelo -509C 4 120%9C. :
L

b) Duracién de las medidus p e. 1 horo en laboratorio; 1 afio en un

punto sumergido del casco ‘de un buque.

c) Ambiente, p,e, oire seco, aire humedo» agua, oceite, chorro de

agua, gases corrgsivos, hidrocarburos, = ;.

v} : SR

- No debemos olvidgr antes deaia aplicocién de los protgg
tores, cercionarnos de que no hay restos de adhesivo alrededor de la
zona a proteger, que se limpié bien la resina fﬁndenté de las sglda-
8Urgs, aué 1d supspliets y 188 cap1as 8ktA prepErdasd pard due oty

' ' o .

y's
b r
- -

¢
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protector se adhiera, que no hay humedad, etc. en una palabra, no des~-

defiar ningdn esfuerzo que posteriormente pueda inutilizar varias horas

Una prdctica muy aconsejcble, siempre que sea posible,
serd. lo de conectar provisionolmente el instrumento de lectura al cir-
cuito antes de protegerloc y scmetiendo oduel ¢ alguna solicitacidn,

observar que el funcionamiento es ldgico.

Por Ultimo, no olvidar tomar datos de posicidn, fotos,
numeracidn de cables, esquemas etc. antes de la proteccidn, ya que pos
teriormente serfa imposible, al quedar el circuito.tapado por los pro

tectores.

La aplicacidn del protecter la haremos Ssiguiendo siempre
los indicociones del fabricante pero como orientacién tendremos presen

te:
b

12 Extender biédn el producto sobre la superficie limpia y si hay que
dar varias capas, que lqultimc cubra por completo a las cnte;iores.
Algunos productos vienen?ccompcﬁados de un componente previo, que debe
aplicarse sobre 1la superficie con pincel y dejar secar perfectamente
para luego apliécr_el protector y conseguir as{ la mejor adhesién. Vi-

jilar que no gqueden bolsas de aire,

22 Cuidar que el espesor del protector sea el adecuado, muchos protec-
tores son blandos y flcilmente las bolitas puntuales de las soldaduras,
pueden atravesar el protector con pequefias presiones, originando contac

tos de masa indeseados.

32 Proteccidn del extremo de los cables de unidn a instrumentos, pues
de nada sirve esmerarse en la banda si dejamos opcién a que por la vai-

nag de los cables dueden huecos por donde se perderia la proteccidn.

'
[URTI S
s fgeri: VY

La fig. 22 indica un acabado tipo de proteccidén. == TCaBLE
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Dos son los motives gue puede:r oo

&

T necesnrio el uso

1]

de estos sensores: detectar la aparicidn de ung fisura o determinar

la velocidaod de propagacidn de la misma, en ambes cosos, si bien el

sensor serl el mismo, variorén los

creo3

3

K
.1
!

ingsirumentous de lectura.

Estes formados por unag

irdicoderes ¢3ién
serie de hilos en paralelo (fig. 23) ﬁop
tados en un soporte similar ol de 1c-s ex
tens{metros, 'que sSe pega en el pun{c don
de se producird lgo fisura, y que cuando

aparezca romperd un determinado ndmero -
de conductores, deduciéndose la longitud

de la fisura por mealdc de la resistencia

con un ohmetrg; si per el contrario el mo

mento de aparicidn de la fisura es regis

trado de forms contf{nua por un oscilégra-

fo, deduciremds la velocidad con gue se

propaga {(fig. 24). .

Lo o;eccién de la que estén constituidos es suficienfe

para soportar deformaociones superiores a + 2000/ué més de 108 ciclos

40 |

as

30 |

25
CPAD2 )

20

RESISTANCE — OHMS
{WiTH 50 {1 SHUNT)

10 =

y son meontados con técnicas similagres a

las utilizadas en los externsimetros,

Los efectos de temperatura tienen peca in

fluenc ia.
2,6.2, Indicadores de fatiga

Al contrario que las bandas extensométri

cas, que miden deformaciones por veriacio

nes instontdneas de su resistencia, los
indicadores de faotiga (S/N) guardan "en
memoria” todas los deformacliones experi-
mentadas después de su instalacidédn., La
memoriao aludidq.viene representcdc‘por -
una modificacién permanente del valor no
minol de su resistencia, que es funcidén

de la amplitud de las deformaciones y de

la frecuencia con gque se producen,

- -21-
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Las leyes de W¥hler nos dicen que:

12 En una pieza sometida ¢ cargas alternas, la carga de rotura dismi-

" huye,

22 E1 ndmero de alternancias que hay que producir para la rotura es

tanto menor, cuanto mayor es la amplitud de las mismas,

32 Existe un valor de deformacién méximo para el cual no se produce

rotura sea cdal sea el ndmeroc de ciclos con que se aplique.

En la fig. 25 se expresa grédficamente lo expuesto,

Estudios realizados por Miner, permiten afirmar que el

porcentaje de vida de una pieza sometida a tensiones variables, es el

mismo si aumentondo la amplitud de las tensiones disminuimos su fre-

a

TEMNSIONES

Acero

J—

Titanio

S

CICLOeS

{1425

{o}”

| fig 16

N

cuencia o viceversa, siguiendo la
proporcién obtenida segdn Yos cri-

terios de WSheler.

En la fig. 26 vemos que el tanto
por c¢iento de envejecimiento de una
pieza es el mismo sometido a la ten

sién §; y Cy, ciclos que si se -

somete a la tensién Ty y C, ci-

clos.

Se considera que las tensiones apli
cadas escilan entre un valor &
méximo y un mfnimo O, si gsf no -
fuese logicamente habré que consi=-
derar los efectos de una componente

contfnua mds la carga variable.

Si bidn en su aspecto los indicado-
res de fatiga (fig. 27) son semejan
tes a las bandas extensométricas,

la constituciédn de su elemento sen-

sible es bién distinta, ya que la aleaciédn de la rejille persigue au-

mentor al méximo el efecto que en los extens{metros se trataba de eli

minar; en efecto recordemos (2.2.4.) que en las bandas se establece -

como lfmite deformaciones dindmicas, aquel que produce una deriva daf

e



JOO/US + equivalerte a.un .incre-
: menio de 0,024 ohms en una banda de
r—*———w . 120 ohms, mientras que ahora preten

demos que estos valores sean dei -

=1

orden de 7 a 1C chm. -Ss consiir =

yen en alencidn de consztentan con

valor nominal de 100 -ohm.

L

La variaciédn ge la resistencia del

w1 o .. .
j indicador de failigas es producida
xs por una distorsién de su red. cris-
L]

L] taling y oor la aparicién de micro

fisuras de la aleccidn de gue se
4{32? . compone su rejilla y ha podido de-
. mostrarse experimentalmente que en
algunos metales, empleoados en cons-
truccién normalmente, se produce el mismo fendmeno; de ahf{ gue estos
senszores cuondo son montades sobre piezgs mecdnicos puedan indicar cbn
gran fidelidad el estado de envejecimiento de los moteriales midiendo

la desviocidén del valor nominol de_la resistencic del sensor.

Si el envejecimiento de la aleacién del sensor es dis-
tinto del mater icl sobre el gque se monta, la concordancia anterior se
pierde y lds-r§5ultgdos no tendrdn valor alguno, ya que s1, por ejemplo
le deformociéﬁ méxima capdz de desviar'el valor de la resistencia del
sensor, (39 ley de wWhhler) es superior a lg deformacién queApFoducird
lo rotura de la pieza-de ensayo, el indicador 'de f&tigc jamés acusarf{o
desviacién de su resistencio; para evitarlo se fabrican sen%ores mul -
tiplicadbres“los-tyales ﬁof diversos procedimientos de fpbfiébcién se
consiguen adaptar lo respuesta del sensor a los materiales en que se

montcnlhgﬁ&;)“

-

La fig. 28 d4 Jm respuesta de los sensores FWA de -
. D . Y y 4

Vishay-Micromesures,

-23-
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Varigcidn de resistenct

a0

Ng de ciclos
91928

Los indicadores de fatigo son verdaderos integradores de

los efectos producidos por cargas alternas, sea cual sea su amplitud
asf{ puds, si despuds de 10,000 ciclos de * ZOOO/ua producen una des-
viacién de lc'resistdncfc de 1,9 ohm y 100 ciclos de % 3000/u6 O,8ohm,

la indicacidn final serd de 2,7 ohm.

Al montaje de estos indicadores habré que tener en cuenta
gue su eje sensible coincida con el eje de esfuerzo principal méximo,
determinado previamente por c¢ualquier procedimiento (extensométrico,

fotoelasticidad, etc).

2,6.3. Sensores e temperatura

Siguiendo el mismo procedimiento de fabricacidn de las
bandas extensopgtripas, pero haciendo que la oleacién de la rejilla ¢
sea de niquel, se obtienen sensores cuya variacién de resistencic es
altamente sensiﬁie a las variaciones de temperatura siendo este fené
meno muy estable y repetitivo, de aohf que se utilice profusamente en
la medido de temperaturas por contacto y utilizando las mismas técni-
cas de instalacidn que las expuestas para extensfmetrosiiLa curva
DR-Y° (fig. 29), tiene una pendiente considerable por 1o que se obtie-
nen sefiales de olto.nivel, pudiendose medir con gran precisién, exac-
titud y poder de resolucién, temperaturas comprendidas entre =300 y
+ 500¢F,

-24 -



Generalmente son fabricados pera que

a la temperatura ombiente (23,92C su «

AR . ’ resistenciao nominal sea de 50 ohm y
3 conociendo la curva y Poder cong

cer la temperotura midiendo por cual- .

”’/’ : quier procedimiento las desviaciones

de la resistencia.

0 / - .
”’,f Estos sensores a diferencia de los -

termopares ague generan una f.e.m, son

.-200 Aog o Lo foo 200°C ~ pasivos, necesitande de una fuente de
Tkn1P¢natun;. alimentacidn, por eso (fig. 30) si es
excitado con una fuente de intensidad
gis 29 T constante 1mA) la lectura directa de
‘ un milivoltfmetro neos vcldrfo.pcro ce
nocer los AR directamente, no obstante como la respuesta no es lineal
siempre tendrfomos que tener tablas o curvas de respuesta.para conocer
el verdadero valor de lo temperatura en 2C § 2F, El1 inconveniente an-
terior ho sido subsanado introduciendo
circuitos linealizadores en los cuales,

ImA ©  si bién se plerde sensibilidad, la res

i ’ puesta es lineal, por lo que los ins-

) ] e trumentos de lectura pueden ir tara-

2:509
159°C

dos directamente en escalas termométri

! cas.,

i///' . Con el fin de utilizar para lo medida

de temperaturas los mismos instrumentos

o ) que para medir deformaciones, los cir-
£f$30 cuitos linealizadores se calculan de
' tal forma que el sensor constituye -
uno rama de un puente de Whearstone -
(fig. 31), de tal forma, que al leer un nimero enterc de microdeforma-
- ciones equivalga a 1la variacién de lgrado centfgrade o Farenheit, Nor

malmente se fabrican redes para:
40)60 > °C < I°F
iOO)ltg ' 1OC rad i‘F

o
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Through its Micro-Measurements.
Instruments, and Photolastic Divisions,
the Measurements Group is dedicated o
developing, manufacturing, and market-
ing high-quality materials and equipment
for precision strain measurement and
stress analysis testing. In addition to
offering a broad range of products, the
Measurements Group also provides
extensive collateral support for those
practicing experimental stress analysis.
Training programs in the techniques of
stress analysis, a full-time staff of
applications engineers, and an extensive
selection of up-to-date technical and

Student Gages are a group
of ten Micro-Measurements
EA-Series and CEA-Series strain
gage types specially designed for
student use. These strain gages are
manufactured from the same materials.
by the same processes. and to the same
high-quality standards as the regular line

-of Micro-Measurements strain gages.

m
L
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Like others in the EA Series. Student
Gages have constantan metal foil grids
and tough. flexible polyimide backings.
Student Gages are produced in three
single-element linear patterns {LZ) and in
a three-element rectangutar rosette (RZ).

The LZ patterns are available with 0.060-.

0.120-. and 0.240-in (1.5-. 3-. and 6-mm)
active gage lengths. The RZ rosette is
designed with 0.060 in (1.5 mm) active
grid lengths. CEA-Series Student Gages
are available only in a linear pattern (UZ)
with 0.240-in {(6-mm) active gage length.
All patterns of Student Gages are
produced in 06 and 13 ppm/°F self-
temperature-compensations for use on
most steels and on aluminum alloys,
respectively. All gages are 120} in

product literature are available to assist
you in the application of experimental
stress analysis technology. ’

The Measuremenis Group is equally
dedicated to serving the special needs of
the educational community. The Educa-
tion Division was established with a com-
mitment to providing an outlet for the
resources of the Measurements Group to
engineering and technology students and
teachers at schools, colleges and uni-
versities around the world. in addition to
offering a unique line of high-quality in-
structional materials and equipment, the
Education Division serves as your chan- _ .

ucts and services. ;

This brochure descnbes a selemlon of,__
Measurements Group products with &x-.
ceptional utility as teaching-and learning. & .
aids. These technically sound and-aca-" .7 .
demically effective instructional matenals”
and equipment are now in use’in hun-

. dreds of technical high schools, technicali
.- institutes, engineering coileges and uni-
“versilies. '

The teaching and learning aids de-

seribed in this brochure are fully com-
__patible with:the entire range of Measure-

4 =M:=M:= Strain
Gages

The complete line of Micro-Measure-
menis precision strain gages is available
for both teaching and research uses. With
over 250.000 pessible gage types from
which to select, a Micro-Measurements
strain gage for every measurement need
— teaching or research — can be found
in Catafog 500.

resistance and all include a polyimide
encapsulation of the grid. The CEA-
Series gages feature extra-large copper- r

coated solder tabs.
Student Gages are supplied in a stan-
dard package guantity of ten gages. Each

n .
. Practice
kage of tains t ineer- . :
I Oats forme with 908 06, resibtance. hi Patterns
-

gage factor, transverse sensitivity. and L
thermal output daia which have been
compited specifically for the gages in the
package.

Because costs are heavily subsidized.
Student Gages are provided exclusively
for use in those teaching and learning
activities which are an integral part of a
formal course of study.

For infermation on hew to qualify for
Student Gages. ask for Bulletin 307 or
write to the Education Program Coor-
dinator.

Practice Patterns are uniquely de-
signed for developing strain gage bond-
ing and soldering techniques. They are
similar in appearance to EA-Series strain
gages and are censtructed of the same
materials. Because they contain inactive
grids, Practice Patterns cannot be used to
measure strain.

These training aids are ideally suited
to first-time strain gage users. Write to the
Education Program Coerdinator for more
details.



Student Understandlng' e
Measurements Group teach:ng and

learning aids are directed toward improv- -

ing and deepening student understanding
of stresses and strains by emphasizing:

+ how, why, and where they accur

+ their relevance to the design of safe,
economical components, machlnes
and structures

+ how to measure them -~ - -

» how to control and {imit them

Such understanding is critical for bstu-' .

dents who will become technicians or
engineers. Therefore, these educatio_nal-
aids are particularly retevant and

+ - measurements.and mstrumentat:on _

. - products have been designed: for maxi- 5
S mum adaptablllty in, supplementmg and :

"gage and photoelastnc ‘siress analysns

+ " machine.designi\’ *
. experimental stress analys
materials science. * !

* structures and structural deS|gn -

_ *. design for safety and rehabihty
e value' engmeerlng ’ D

« “failure analysis: .- ﬂ‘--"-}«‘:s{:‘ {'

TeachmglLearnmg Aids S
Measurements Group: |nstructronal K

‘revamping or restructunng them 3t
The.educational: products: utmze stra

The Student Strain Gage Applica-
tion Kit contains an assortment of those
Micro-Measurements M-LINE Accesso-
ries necessary for making successful
sirain gage installations in the laboratory.
In addition to the materials for preparing
the specimen surface for bonding, the kit
incluces both the popular, fast-curing
M-Bond 200 cyanoacrylate and the
durable. creep-free M-Bond AE-10 epoxy
strain gage adhesive systems. All the
tools and materials for bending and
soldering strain gages — including a
controited-temperature soldering iron —
are provided. Designed with the student
in mind, each kit comes complete with
practice materials for developing strain
gage instaliation technigues. Up to four
-students can work from one kit. The
Student Strain Gage Application Kit is

packaged in a durable storage box. All
items are fully compatible with, and may
be supplemented by. the complete line of
Micro-Measurements M-LINE Strain
Gage Accesscries. All consumables in
the kit are replaceable from standard
Micro-Measurements stock. For a com-
plete list of contents. ask for Bulletin 310.

M-LINE Accessories

Making accurate and reliable mea-
surements with electrical resistance strain
gages in the ¢lassroom or laboratory re-
quires installation with high-quality ac-
cessory tools, materials, and supplies
qualified for making strain gage instal-
lations. Ask for Catalog A-110 which de-
scribes the complete line of Micro-Mea-
surements M-LINE Strain Gage Acces-
sories,

“brochuré are flexible and can be em-:
ployed in a pureiy iilustrative or dernon-

+ ponents of course content. Most of them~;
are. also open-ended and provide ! the e

: j-mg aids ‘are. mtended fo generate student
interast, providé motivation; and develo
. ccmprehensnon of stress and strain co

The: Iearnlng aids descnbed in: thls‘ '

VideoTech™
Libraries

The VideoTech Library is a series of
instructional VHS videotapes for strain
gage installation.

The procedures outlined in the Vldeo-
Tech Library will haip both novice and
experienced strain gage users to make
reliable. professianal-caliber strain gage
installations every time.

The videotape presentation format of
these dependable. proven, state-of-the-
art metheds can be adapted with equat
success to individual. self-taught pro-
grams. or {o group training sessions.
Each tape contains instruction for
general-purpose surface preparation.
gage honding. leadwire attachment. and
typical environmental protections. Orga-
nized in detailed, fully illustrated steps.
each tape concludes with an example of
a successful strain gage installation.

With the VideoTech Library at hand.
the student fearns by doing each of the
prescribed steps to reproduce the actual
installation. For additional details con-
cerning these instructional videotapes.
request Butletin 318.
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teaching mediim.).Presented in:a Iogicai

g,
mental stress analysis technology asithe. .-

easy-to-follow format on 8-1/2 x 11.in2+ *°

{216 x 279 mm) pages; each expenmem

will yield consistently accurate and mean-

ingful resuits when the- mstrucnons are'

expenment are contained in ey
“Notes to the Instructor" prowde with
each set'of expenmen Sk

GCantilever

Cantilever Beams, designed lor use
with the Flexor, are coordinated with
Experiments in Mechanics. but can be
used separately for other demonstrations
or experiments. All beams are manuiac-
tured from 2024-T6 high-strength alu-
minum alloy and are 1in {25.4 mm) wide
by 12.5in (317.5 mm) long. Beams
" designed for Experiments E-101 and
E-103 are 0.125 in {3.18 mm) thick. Al
others are 0.250 in (6.35 mm) thick.,

Ungaged Beams

Ungaged Beams permit specialized
instruction and are pavrticularly valuable
when instructional time is sufficient to
allow students to mount their own strain
gages.

For Use With
Catatog No. Descriotion Experiment Mo.
UB-0i 0.125in (3.18 mm) thick E-101. E-103
rectangular beam
UB-02 0.250 in (6.35 mrmf E-i02, E-i05

ractangular beam

Special Contiguration Beams
Special Cenfiguration Beams are de-
signed for advancad work in measuring
stress concentrations. They are ungaged
to afford students the opportunity 1o pasi-
tion and mount their own strair gages.

For Use With
Catalog Mo. Dascription Experiment Mo.
UBS-01 Stress Conceniration — E-104
with a 1/4 in (6.35 mm)
drilleg and reamed hole
UBs-02 Suess Concentration — E-104
with accurately milled
symmetrical U-Noiches
URS-02 Constant Stress — wo- E-106

slage lapered beam with
wo constant-siress levels

al' stralns ‘from’the strain..:
f Iatlonshlps ‘Using' the-‘

Pregaged Beams

Pregaged Beams are instrumented
with Micro-Measurements temperature-
compensated foil strain gages. The strain
gage installations are fully wired and are
covered with a clear protective ceating. In
addition. all installations are factory tested
for resistance. stability, and freedoem from
creep.

For Use

Whith Gage
Catalog  Experiment Number Gage Lengin
Na. No. Of Gages Type {ing -
B-101 E-103 1 ) Linear - 0.125
B-102 E£-102 2 Linear 0.125
B-103 E-103 1 3-Element 0,125

Roseite
B-i03 E-102 3 Linear 0.030
i Linear 0.125
B-105 E-105 3 Linear 0.125
B8-i05 E-106 4 Linear 0125
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A cantllever beam wnh a hole-through

Flexor

The Flexor, a cantilever flexure
frame, is a simple, versatile, and portable
all-in-cne fixture for loading beams.

The cantilever-beam principle is par-
ticularly appropriate for measuring basic
materiais properties, and for performing
strain gage and other stress analysis
experimenis. The test specimens are
inexpensive and simple to fabricate. and

only modest forces
are required to devel-
op large strains anc
high stresses.

Since the cantilever
beam is a fundamental
and widely used structural element. the
Flexor offers numerous associated ad-
vantages as a technical teaching aid.
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Deflections are produced and mea-
sured by a micromeier, and strains of up
to 2500ucs can be obtained on a 0.250 in
{6.35 mm) thick beam. The Flexor can
also be used with deadweights. Eight
integral push-clamp binding posts on the
side of the Flexor are used for interme-
diate connections to the gaged beams.
The binding posts are prewired to an at-
tached instrument cable which canven-
iently connects to a strain indicater. The
Flexoris 13-1/4 in {335 mm) long. 4-3/4 in
(120 mm) high and 2-1/2 in (65 mm)
deep. It weighs 3-1/2 1b (1.6 kg). Three
ungaged high-strength aluminum alicy
beams. a weight hook, and user's man-
ual are provided with each Flexor. The
Flexor is recommended for all Experi-
ments in Mechanics.




A wide range of state-of-the-ant traln
gage instrumentation is available- from the
Measurements Group Instruments Divi--
sion. Many of these instruments are ideal-
ly suited for use in the classroom or
teaching laboratory. The Model P-3500
Strain Indicator, for example, is'a port-’
able, lightweight, rugged instrument

which can be used both for stress analy- -
sis testing and strain-gage-based trans-.. "~

ducers. Featuring an LCD (or optional
LED) readout, the P-3500 will accept full-,

half-, or quarter-bridge strain gage.in-- --- -~

puts, and provides direct readings of -

strain, pressure, torque, load, and other” -

engineering variables. An auxiliary ana- .

log output for driving an external oscillo-"-.
scope or recorder is also provided. The ../

Tes

Photoelastic methods of stress analy-
sis provide a complete "picture” of the
stress distributions in a structure. As a
result, they have become increasingly
important elements in the design of
modern products. The 080 Series Teach-
ing Polariscope System will enable you
to give your students a firm foundation in
this valuable technology and will add new
understanding to courses in design and
strength of materials.

The Model 081 Teaching Polariscope
is a complete working polariscope which
can be used to graphically demonstrate
and teach the principles of photoelasticity
and its application to stress analysis. Be-
cause it has all the elements of a bench-
mounted laboratory instrument. the 081 is
also an excellent device for teaching the
theory and operation of a polariscope.

The 081 can be easily carried to the
classroom and quickly set up for use. It is
designed to be placed on an overhead
projector and allows students to observe
the different measuring operaticns nec-
essary to determine the stress directions
and magritudes of the projected photo-
elastic pattern. Quantitative measure-
ments are made through the use of a
transparent dial which surrounds the pro-
jected pattern.

The Polariscope consists of a sturdy
anodized metal frame, two plane polar-
izing filters, two removable quarter-wave
filters. and the transparent numbered diai.
A mechanical drive system is provided

‘recommended 080

for rotating all four
fillers simultaneous-
ly. The filters are lam-
inated in glass for
excellent light trans-
mission as well as
durability.

A full iine of acces-
saries is also avail-
able to extend the
usefulness of the pe-
lariscope in teaching
and research. The

System would include
a straining frame with
mechanical force dial
indicator. support
stage for stress-frozen
models. uniform-field
digital compensator,
monochromator, and
a set of educational
maodels. Fer addition-
al information on the
080 Series Teaching
Polariscope System,
ask for Bulletin 306. For information about
other reflection and transmission polari-
scopes and photoelastic materials and
supplies, ask for short form catalog
SFC-300.

onditioné and am-
:high= tevel outputs suit-




o B TS L L et
P
i

Rt

patible with galvanometers, computers
and strip-chart, magnetic tape, and X-Y
recorders. Each 21 10A power supply . "

channel conditioner/amplifier modules: ;-
{ten channels total). With the opt:onai*_
2130/2131 digital readout module, the,
2100 System can also function as'a -
direct-reading static strain indicator.

Also available is a complets line-of -
accessories and auxiliary instruments,:
including strain-indicator calibrators and

e

corisult your Strain Gage Technology
: MasteraBmder or ask for short-form

%% ?@ @ g = modes - e.g.. cantilever bending. column,
statically indeterminate beam, and
eccentrically loaded column — to be
studied on a single prismatic model.

Each of the eight models available’
for the Stress-Opticon is a separate struc-
tural shape which can be easily corre-
lated to standard textbook examples.

The Stress-Opticon is effective in rocom
lighting, requiring no special light source.
For lecture purposes, it can be used with

[

The Stress-Opticon is a unigue,
textbook size instrument which can be
used to demenstrate the fundamental

principles of siress analysis, mechanics ;] an overhead projector for particularly
of materials and the general nature of - shapes. Its five movable loading dramatic presentations. In addition. it is
stress distribution in various structural screws allow an infinite variety of loading lightweight, yet rugged enough 1o be

passed from student to student during
laberatory courses.

The Stress-Opticon is 9 in {229 mm)
long. 6 in (150 mm) high and 1-1/2 in
{38 mm/} deep. The device comes com-
plete with a detailed instruction manual
and structural Model Nc. M-241.

Stress-
Opticon

Models oS Sl oM 21 Sy e gae -
SLVenamggrmc\ule‘ and cthars lar leaching siress cancentianon, Elaste o Each Stress Opncon _mOdEI 15a SPE‘
;tgejsiofin‘cl:ﬂ:‘;:;on fazior k) aparcuimately prIC structural .Shape ‘i\_ﬁ'h|Ch can be sub-
jecied to a variety of difierent loading
arrangements.

The models are machined from Type
PSM-1 Plastic, a durable. nan-brittle
photoelastic material that is bigh in photo-
elastic sensitivity and free from time-edge

Mpdel M-233: Stanaarg mooel win 3 810 htodel M-244: Moas! with symmelncal Madel M-245: Dudi section Structural effects
18 5§ mm}ciameter cervral nola . . . 1or teaching sem:Cirzular nOLCnes | . | forjeacning siress mempar . 1ar ieachng relalionsnop batween ) Lo .
siress concanwavan. Elasuc SHess concen- concentranon, Elasic siress concentranon strass and Gross-seclional propasties, as well PSM-1 Plasticiis also available for
trabion facior (K} approximately 2.16 for axial lacior approsimately 1.9, axial: © 6, pendin as suass concent:anon o fillels. . . .
ioag ! ’ custom designing photoelastic models

and comes complete with machining
instructions for producing models without
initial fringes.

The accompanying photegraphs show
the stress distribution for oniy one of the

Mode) M-246: Representative machanical Madel M-247: Knee frame . . . tor Mactel M-248: Arcr , . . for teaching many |Oading conditions pOSSib|e with
component conhiguraton . . . 101 leaching teaching siress distnbution i iypical siuciosal Sire$s AiStnbuLon in classical siruciara’
phooelasic Stiess measurément in ararany shapes. memoer. each model.
shapes.
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Introduction to Strain Gage Technology

Experimental Stress Analysis is an established. popuiar
engineering tool, routinely used in the design of safe and
reliable products and engineering structures. The techniques
of experimental stress analysis may be applied at different
stages in the life of a product; from preliminary design
concepts to testing of the finished product; in proof and
overload testing: and in failure analysis of products already
in service. Within the broad field of experimental stress
analvsis. several practical techniques are available, inctuding
photoelastic coatings and models, moire, and electrical
resistance strain gages.

Of these techniques, the modern bonded electrical resistance
strain gage is widely recognized as the most practical tech-
nology for testing of load-bearing parts, members. and struc-
tures. Because both excellent accuracy and repeatability can
be achieved, strain gages are also becoming increasingly
important as primary sensing elements in load cells as well as
in pressure, force, torque, displacement, and other special-
ized transducers.

To make strain measurements of acceptable quality —
whether for structural testing or for transducer applications

— requires the consideration of several well-defined parame-
ters: quality of the strain gage itself; proper selection of the
strain gage, bonding adhesive, environmental protection,
and other strain gage accessories; proper circuit design,
proper installation of the strain gage: and quality of the
strain gage instrumentation. While the importance of these
parameters is well understood by the experienced stress ana-
lyst, their significance may be less obvious to those unfamil-
1ar with strain gage technology. The purpose of this manual
is to familiarize students with the proper techniques of strain
measurements with electrical resistance strain gages.

In addition to providing high-guality, state-of-the-art strain
gages and strain gage instrumentation, the Measurements
Group maintains an extensive selection of technical and
product literature describing the techniques, equipment. and
practical application of strain gage technology. This manual
is a compendium of the Measurements Group strain gage
literature, specially selected to provide the student with a
sound introduction to the hardware and procedures of strain
gage methods. It includes the following topics:

® Strain Gage Selection Criteria, Procedures, Recommendations: The parameters for gage selection — including strain
sensing alloy, backing material, gage length and pattern, self-temperature compensation, gage resistance, and gage options
— are detailed. Examples are given of gage selections made in actual application.

® Strain Gage Installations with M-Bond 200 and AE-10 Adhesive Systems: Steps used by professional stress analysts in
preparing the test specimen and making gage installations with both M-Bond 200 cyanoacrylate and M-Bond AE-10¢epoxy |
adhesive systems are described in detail. Also included is a section of two- and three-leadwire strain gage circuits and a
troubleshooting guide. By following the detailed, illustrated steps, the first-time strain gage user can make dependable
installations.

In the later sections, the hardware of strain gage technology is described:

® Description of Strain Gages and Accessories: Partial listings of Micro-Measurements strain gages show the range of modern
foil strain gage sizes and geometries. Included are linear patterns. three-element rosettes, pressure diaphragm gages, shear
patterns. and others. Also included is a description of the accessory materials and equipment necessary for making good,
sound installations.

# Description of Strain Gage Instrumentation: The range of instrumentation — including static. dynamic, and computer-
controlled stress analysis systems — is shown. A selection chart is provided as a guide in determining the type of
instrumentation best suited 10 a specific measurement application.

® Reading List: Additionally, a reading list of reccommended references is provided for supplemental study.

This manual has been provided as part of the Measurerments Group Educational Program tor Strain Gage Technology.
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Strain Gage Selection
Criteria, Procedures, Recommendations

1.0 Introduction

The initial step in preparing for any strain gage installa-
tion is the selection of the appropriate gage for the task. [t
might at first appear that gage selection is a simple exercise,
of no great consequence o the stress analyst; but quite the
apposite is true. Careful, rational selection of gage character-
istics and parameters can be very important in: optimizing
the gage performance for specified environmental and oper-
ating conditions, obtaining accurate and reliable strain mea-
surements, contributing to the ease of installation, and min-
imizing the rotal cost of the gage installation.

The installation and operating characteristics of a strain
gage are affected by the following parameters, which are
selectable in varying degrees:

e strain-sensitive alloy e seif-temperature-

. . compensation number
® backing material pensation

{carrier) # grid resistance

e gape length ® options

® gage pattern

Basically, the gage selection process consists of determin-

.ing the particular available combination of parameters

which is most compatible with the environmental and other
operating conditions, and at the same time best satisfies the
installation and operating constraints. These constraints are
generally expressed in the form of requirements such as:

& accuracy o test duration

e stability ® cyclic endurance

e temperature e ease of installation

e ¢longation & environment

—
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P.O. Box 27777
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The cost of the strain gage itself is not ordinarily a prime
consideration in gage selection, since the significant eco-
nomic measure is the total cost of the complete installation.
of which the gage cost is usually but a small fraction. In many
cases, the selection of a gage series or optional feature which
increases the gage cost serves to decrease the total installa-
tion cost.

It must be appreciated that the process of gage selection
generally involves compromises. This is because parameter
choices which tend to satisfy one of the constraints or
requirements may work against satisfying others. For exam-_
ple, in the case of a small-radius fillet, where the space
available for gage installation is very limited, and the strain
gradient extremely high, one of the shortest available gages
might be the obvious choice. At the same time, howeveT,
gages shorter than about 0.125 in (3 mm) are generally
characterized by lower maximum elongation, reduced
fatigue life, less stable behavior, and greater.installa-
tion difficulty. Another situation which often influences
gage selection, and leads to compromise, is the stock of gages
at hand for day-to-day strain measurements. While com-
promises are almost always necessary, the stress analyst
should be fully aware of the effects of such compromises on
meeting the requirements of the gage installation. This
understanding is necessary to make the best overall com-
promise for any particular set of circumstances, and to judge
the effects of that compromise on the accuracy and validity

of the test data.

The strain gage selection criteria considered here relate
primarily to stress analysis applications. The selection crite-
ria for strain gages used on transducer spring elements, while
similar in many respects to the considerations presented
here, may vary significantly from application to application
and should be treated accordingly. The Measurements
Group's Transducer Applications Department can assist in
this selection.

{919) 365-3800
Telex 802-502
FAX (919) 365-3945




2.0 Gage Selection Parameters

2.1 Strain-Sensing Alloys ,
The principal companent which determines the operating
characteristics of a strain gage is the sirain-sensitive alloy
used in the foil grid. However, the alloy is not inevery case an
independently selectable parameter. This is because each of
Micro-Measurements strain gage series (identified by the
first two, or three. letters in the alphanumeric gage designa-
tion — see diagram on page |1) is designed as a complete
system. That system is comprised of a particular foil and
backing combination, and usually incorporates additional
gage construction features (such as encapsulation, integral
leadwires, or solder dots) specific to the series in question.

Micro-Measurements supplies a variety of strain gage
alloys as follows (with their respective letter designations):

A: Constantan in self-temperature-compensated form.
P: Annealed constantan.
D: lIso-Elastic.

K: Nickel-chromium alloy. a modified Karma in
self-temperature-compensated form.

1.1.1 Constantan Alloy

Of all modern strain gage alloys, constantan is the oldest,
and still the most widely used. This situation reflects the fact
that constantan has the best overall combination of proper-
ties needed for many strain gage applications. This alloy has,
for example, an adequately high strain sensitivity. or gage
factor, which is relatively insensitive to strain level and
temperature. lts resistivity is high enough to achieve suitable
resistance values in even very small grids, and its tempera-
ture coefficient of resistance is not excessive. In addition,
constantan is characterized by good fatigue life and rela-
tively high elongation capability. {t must be noted, however,
that constantan tends to exhibit a continuous drift at
temperatures above +150°F (+65° CJ, and this characteristic
should be taken into account when zero stability of the strain
gage is critical over a period of hours or days.

Very importantly, constantan can be processed for self-
lemperature-compensation (see box at right) to match a
wide range of test material expansion coefficients. Micro-
Measurements A alloy is a self-temperature-compensated
form of constantan. A alloy is supplied in self-temperature-
compensation (S-T-C)ynumbers 00, 03, 05,06, 09, 13,15, 18,
30, 40 and 50, for use on test materials with corresponding
thermal expansion coefficients (expressed in ppm/°F).

For the measurement of very large strains, 59 (50 000LL€)
or above, annealed constantan (P alloy) is the grid material
normally selected. Constantan in this form is very ductile;
and. in gage lengths of 0.125 in (3 mm) and longer, can be
strained to >20%. [t should be borne in mind, however, that
under high cyclic strains the P alloy will exhibit some per-
manent resistance change with each cycle, and cause a cor-
responding zero shift in the strain gage. Because of this
characteristic, and the tendency for premature grid failure
with repeated straining, P alloy is not ordinarily recom-
mended for cyclic strain applications. P alloy is availabie
with S-T-C numbers of 08 and 40 for use on metals and
plastics, respectively.

2.1.2 Iso-Elastic Alloy

When purely dynamic'strain measurements are to be made
-~ that is, when it is not necessary to maintain a stable
reference zero — Iso-Elastic (D alloy) offers certain advan-
tages. Principal among these are superior fatigue life, com-
pared 10 A alloy. and a high gage factor {approximately 3.2)
which improves the signal-to-noise ratio in dynamic testing.

Self-Temperature-Compensation

An importamt property shared by constantan and
modified Karma strain gage alloys is their responsive-
ness to special processing for seif-temperature-com-
pensation. Self-temperature-compensated sirain gages
are designed to produce minimum thermal output
(temperature-induced apparent strain) over the temper-
ature range from about -50° to +400°F (-435° 1o
+200° C). When selecting either constantan ( A-alloy)
or Karma (K-alloy) strain gages, the sel{-~temperature-
compensation {$-T-C) number must be specified. The
S-T-C number is the approximate thermal expansion
coefficient in ppm/°F of the structural material on
which the strain gage will display minimum thermal
output.

The accompanying graph illustrates typical thermal
output characteristics for A and K alloys. The thermal
output of uncompensated Iso-Elastic alloy is included
in the same graph for comparison purposes. In normal
practice, the S-T-C number for an A- or K-alloy gage is
selected to most closely match the thermal expansion
coefficient of the test material. However, the thermal
output curves for these alloys can be rotated about the
room-temperature reference point to favor a particu-
lar temperature rangé. This is done by intentionally
mismatching the S-T-C number and the expansion
coefficient in the appropriate direction. When the
selected S-T-C number is lower than the expansion
coefficient, the curve is rotated counterclockwise. An
opposite mismatch produces clockwise rotation of the
thermal output curve. Under conditions of S-T-C
mismatch, the thermal output curves for A and K
alloys (supplied with each package of strain gages) do
not apply, of course, and it will generally be necessary
to calibrate the installation for thermal output as a
function of temperature.

For additional information on strain gage tempera-
ture effects, see Measurements Group Tech Note
TN-504.
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There are times, however, when D alloy finds application in

D alloy is not subject to self-temperature-compensation.
Moreover, as shown in the graph (see box), its thermal
output is so high [about 80ue/°F (145u€e/° C)] that this
alloy is not normally usable for static strain measurements.

Backing materials supplied on Micro-Measurements
strain gages are of two basic types: polyimide and glass-fiber-
reinforced epoxy-phenolic. As in the case of the strain sensi-
tive-alloy—the backing is not completely an indepen-

special-purpose transducers where a high output is needed,
and where a full-bridge arrangement can be used to achieve
reasonable temperature compensation within the circuit,

Other properties of D alloy should also be noted when
considering the selection of this grid material. it is, for
Instance, magnetoresistive; and its strain-sensitive response
is somewhaut noniinear, becoming significantly so at strains
bevond +=5000ue.

2.1.3 Karma Alloy

Modified Karma, or K alloy, with its wide areas of appli-
cation. represents an important member in the family of
strain gage alloys. This alloy is characterized by good fatigue
life and excellent stability; and is the preferred choice for
accurate static strain measurements over long periods of
time (months or vears) at room temperature. or lesser peti-
ods at elevated temperature. It is recommended for extended
static strain measurements over the temperature range from
—452° to +500° F (- 269° 10 +260° C). For short periods,encap-
sulated K-alloy strain gages can be exposed to temperatures
as high as +750° F (+400° C). Aninert atmosphere will improve
stability and extend the useful gage life at high temperatures.

Among its other advantages, K alloy offers a much flatter
thermal output curve than A alloy, and thus permits more
accurate correction for thermal output errors at temperature
extremes, Like constantan, K alloy can be self-temperature-
compensated for use on materials with different thermal
expansion coefficients. The available S-T-C numbers in K
alloy are limited, however, to the following: 00. 03, 05, 06,
09. 13, and 15. K alloy is the normal selection when a
temperature-compensated gage is required that has envi-
ronmental capabilities and performance characteristics not
attainable in A-ailoy gages.

Due to the difficulty of soldering directly to K alloy, the
duplex copper feature, which was formerly offered as an
option. is now standard on all Micro-Measurements open-
faced strain gages produced with K alloy. The duplex copper
feature is a precisely formed copper soldering pad (DP) or
dot (DD), depending on the available tab area. All K-alioy
gages which do not have leads or solder dots are specified
with DP or DD as part of the designation (in place of, orin
addition to. the option specifier). The specific style of copper
treatment will be advised when the Order Service Depart-
ment is contacted. Open-faced K-alloy gages may also be
ordered with solder dots.

2.2 Backing Materials

Conventional foil strain gage construction involves a pho-
toetched metal foil pattern mounted on a plastic backing or
carrier. The backing serves several important functions:

e provides a means for handling the foil pattern during
instailation

+ presents a readily bondable surface for adhering the
gage 10 the test specimen

e provides electrical insulation between the metal foil
and the test object

dently specifiable” parameter. Certain backing and alloy
combinations, along with special construction features. are
designed as systems. and given gage series designations. Asa
result, when arriving at the optimum gage type for a particu-
lar application. the process does not permit the arbitrary
combination of an alloy and a backing material, but requires
the specification of an available gage series, Micro-
Measurements gage sertes and their properties are described
in the following Section 2.3. Each series has its own charac-
teristics and preferred areas of application: and selec-
tion recommendations are given in the table on page 5. The
individual backing materials are discussed here, as the alloys
were in the previous section, to aid in understanding the
properties of the series in which the alloys and backing
materials occur.

The Micro-Measurements polyimide E backing is a tough
and extremely flexible carrier, and can be contoured readily
to fit small radii. In addition, the high peel strength of the foil
on the polyimide backing makes polyimide-backed gages
less sensitive to mechanical damage during installat:on.
With its ease of handling and its suitability for use over the
temperature range from -320° to +350°F (-195° 10 +175° C),
polyimide is an ideal backing material for general-purpose
static and dynamic stress analysis. This backing is capable of
large elongations, and can be used 1o measure plastic strains
in excess of 20%;. Polyimide backing is a {eature of Micro-
Measurements EA-, CEA-, EP-, EK-, S2K-, N2A- J2A-and
ED-Series strain gages.

For outstanding performance over the widest range of
ternperatures, the glass-fiber-reinforced epoxy-phenolic
backing material is the most suitable choice. This backing
can be used for static and dynamic strain measurement from
-452° to +550°F (-269° 1o +290° C). In short-term applica-
tions, the upper temperature limit can be extended to as high
as +750°F (+400° C). The maximum elongation of this car-
rier material is limited, however, to about 1 to 2¢;. Rein-
forced epoxy-phenolic backing isemployed on the following
gage series: WA, WK, SA, SK, WD, and SD.

2.3 Gage Series

As noted in Sections 2.1 and 2.2, the strain-sensing alloy
and backing material are not subject to completely indepen-
dent selection and arbitrary combination. Instead, a selec-
tion must be made from among the available gage systems,
or series, where each series generally incorporates special
design or construction features, as well as a specific combina-
tion of alloy and backing material. For convenience in iden-
tifying the appropriate gage series to meet specified test re-
quirements, the information on gage series performance and
selection is presented here, in condensed form. in two tables.

The table on the following page gives brief descriptions of
all general-purpose Micro-Measurements gage series —
including in each case the alloy and backing combination
and the principal construction features. This table defines
the performance of each series in terms of operating temper-
ature range, strain range, and cyclic endurancs as a function
of strain level. It must be noted, however, that the perfor-
mance data are nominal, and apply primarily to gages of
0.125 in (3 mm) or longer gage length.
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Normal: -100° to +350°F

Constantan foil in combination with a tough, flexible, +3% for gage
polyimide backing. Wide range of options available. {-75° 10 ~175°C) lengths under =1800 105
EA Primarily intended for general-purpose static and dy- Special or Short-Term: 1/8in (3.2 mm) =1500 108
namic stress analysis. Not recommended for highest -320° to ~400°F 15% for 1/8in +1200 108
accuracy transducers. : (-195° to +205°C) and over
Universal general-purpose strain gages. Constantan grid L% ¢
completety encapsulated in polyimide, with {arge, rugged Normal: -100° to +350°F ;n thor gadge +1500 108
CEA copper-caated tabs. Primarily used for generat-purpose {-75° t0 +175°C) 178 ign 3;" or +1500 108*
static and dynamic stress analysis, 'C’-Feature gages are Stacked rosettes limited to +5% f(or' 1;;'.") *Fatigue life improved
specially highlighted throughout the gage listing +150°F (+65°C) and n using low-modulus soider.
sections of Catalog 500, Part A — Strain Gage Listings. aver
Open-faced constantan foil gages with a thin, laminateq,
_polylm!d_e-fllm backing. Primarily recpm_mended iorruse Normal Statie
in precision transducers. the N2A Series is characterized . .
Transducer Service: . =1700 108
N2A | by low and repeatable creep performance. Also recom- -100° 1o +200°F =3% 1500 197
mended for stress analysis applications emplaying large " o - 0
A ‘ (-75% ta +95°C)
gage patterns, where the especially flat matrix eases gage
instaliation.
Constantan foil gages with a thin, laminated, polyimide
backing and encapsulating film. Exposed solder taps for Narmal Siatic
J2A direct leadwire attachment. Primarity recommended for Transducer Service: 0% +=1700 108
precision transducers; the encapsulating film provides -100° to +200°F - 1500 10
a more rugged gage than the N2A Series, but may in- (-75° to +85°C)
crease reinforcement of thin transducer flexures.
I1so-Elastic foil in combination with tough, flexible polyi- 00
mide fitm, High gage factor and extended fatigue life Oynamic: - N
ED excellent for dynamic measurements. Not normally used -320° to +400°F Non.lrnear at £2500 10¢
: - . o o strain levels +2200 107
in static measurements due to very high thermal-output (-195° to +205° C) .
) over £0.5%
charactenstics.
Fully encapsulated constantan gages with high- Normal: -100° to ~400°F
endurance jeadwires. Useful over wider temperature (-75° to +205°C) +2000 108
WA ranges and in more extreme environments than EA Series. Special or Short-Term; +2% +1800 108
Option W available on some patterns, but restricts fatigue -320° to +500°F ’ 1500 : 107
life to some extent. {-195% to +260° C}
Karma feil in combination with atough, flexitle polyimide Normal: -320° to +350°F
) ‘ ; i ) _1ges o
EK ba_cklng_. Primarily usgq where a combination of higher { 1_95 to +175°C) - +1.5% +1860 107
grid resistances, stability at elevated temperature, and Special or Short-Term:
greatest backing flexibility are required. -452° to +400°F (-269° to +205°C)
aacuiras. wiidest tomperatore range and most extrame | NOTMal -452° 1o +S50°F
ol b.l?t [ ange ant ) 127230 1o +290°C) +£2400 108
wi | Environmental capabiiity of any genera-purpose gage Sg- - or Short-Term: £1.5% £2200 107
when self-temperaiure-campensation is required. Option e ° "
” ) . -422° to +750°F +2000 108
W available on some patterns, but restricts both fatigue " o
‘ ; ; {-269° to +400°C)
lite and maximum operating temperature.
Special annealed constantan foil with tough, high- =10% for gage
elongation polyimide backing. Used primarily for mea- o o lengths under +1000 104
. L -100° to +400°F ;
EP surermnents of large post-yieid strains in metais or on (-75° to +205°C) 1/8in {3.2 mm)
low-modulus materials (polymers). Available with +20% for 1/8 in EP gages show zero shift
Options E, L. and LE {may restrict elongation capability). and over under high-cyctic strains.
Fully encapsutated constantan gages with solder dots. Normal: -30C0° 1o ~400°F
SA Same matrix as WA Series. Same uses as WA Series but {-75° to +205°C) 2% +1800 108
derated somewhat in maximum temperature and operat- Special or Shon-Term: +1500 107
ing environment because of solder dots. -320° to ~450°F (-195° 10 +230°C)
Karma foil laminated to 0.001 in {8.025 mm) thick, high- Normal: -10G° to ~250°F
performance polyimide backing, with a laminated polyi- (-75° ta +120°C) +1800 108
S2K | mide averlay fully encapsuiating the grid and soldertabs. Special or Short-Term: tTt.5% 1500 107
Provided with large solder pads for ease of leadwire -300° to -300°F -
attachment. {-185° to «150°C)
. : -452° to +450°F
. Fully encapsulated K-alloy gages with solder dots. Same No'rsﬁl.ga tf; +2§O: c) +£2200 100
i i i 1. ;
SK uszs as WK_ Senesr but der:tat:d in max;mu{zéfr;;esrature Special o Short-Term: +1.5% £2000 107
and operating environment because of s¢ . -452° 10 +500°F {-269° to +260°C)
. . . 5
Fully gncaosulatgd Isq-EIashc gages w:!h hugh-endurance Dynamic: ~320° 1o +500°F t_1 5% — non- ;3000 :gr
WD | teadwires. Used in wide-range dynamic strain measure- (-195° to +260° C} linear at strain 2500
ment applications in severe environments. levels over =0.5% 2200 108
Equivalent to WD Series. but with soider dots instead of Dynamic: -320° to +400°F *1.5% ~+2500 108
o leadwires. {-195° to +205°C) See above note +2200 1Q7
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Strain Gage Series and Adhesive Selection Reference Table

- ™ oz e
<104 Mogerate 1300 <108 CEA, EA 200 or AE-10
>104 Moderate =1300 <108 CEA, EA AE-10 or AE-15
-50° to +150°F {-45° 1o +55°C}
>104 High 1600 >108 WA, 5A AE-15 or 610
GENERAL >104 Very High =2000 >108 WK, §K AE-150r 610
STATIC OR
STATIC- . <107 Moderate +1600 <108 WA, SA 600 or 610
DYNAMIC -50° to +400°F (-45° to +205°C)
STRESS >109 High 2000 <108 WK, SK 800 or 670
ANALYSIS®
-452° to -450°F (-269° to +230°C) >109 Maderate +2000 >108 WK, SK 610
<BO0°F 1<315°C) <102 Moderate +1800 <108 WK 610
<T00°F (<370°C) <10 Moderate £1500 <108 WK 610
<10 Moderate 50 000 1 CEA. EA AE-10
-50° to «150°F {-45° to +65°C) >109 Maderate | £100 000 1 ‘Ep AE-15
HIGH- ' . )
ELONGATION >10% Moderate +200 000 1 EP A-12
(POST-YIELD) | 4o 15 +500°F (-20° to +260°C) <102 Moderate | =15 000 1 SA. SK, WA, WK 610
-452° 10 +500°F (-269° to +260°C) <100 Moderate 10 000 1 5K, WK " 600 or 610
<10 Moderate 2000 107 ED 200 or AE-10
-100° to +150°F (-75° to ~65°C}
DYNAMIC <104 Moderate +2400 107 wD AE-10 or AE-15
(CYCLIC)
STRESS <100 Moderate £2000 107 WO 600 or 610
ANALYSIS -320° to +500°F (-195° to +260°C)
<104 Moderate +£2300 <108 WD 600 or 610
<30 110 5% +£1300 <108 CEA, EA AE-10 or AE-15
-50° to +150°F (-45° to +65° C}
<108 110 5% 1300 <108 CEA AE-15
TRANSDUCER Serar o
GAGING -50° 10 ~200°F (-45° to +95°C) <104 0.2% +1500 108 N2A 600, 610 or 43-B
-50° to +300°F (-45° to +150°C} <104 0.2 10 0.5% £1600 108 WA, SA 610
-320° to +350°F (-195° tg ~175°C} <104 Ry +1800 108 WK, 5K 610

* This category includes most testing situations where some degree of stability under static test conditions is required. For
absolute stability with constantan gages over long periods of usage and temperatures above +150°F
necessary to empioy half- or full-bridge configurations. Protective coatings may also influence stability in cases other than
transducer applications where the element is hermetically sealed.

** Itisinappropriate to quantify “accuracy” as used in this table without consideration of various aspects of the actual test program
and the instrumentation used. In general, “moderate” for Stress analysis purposes is in the 2 to 5% range, "high” in the 1to 3%
range, and “very high" 1% or better.

(+65°C), it may be

The above table gives the recommended gage series for
specific test “profiies,” or sets of test requirements, catego-
rized by the following criteria:

® type of strain measurement (static, dvnamic, etc.)
® operating temperature of gage instailation

® test duration

® accuracy required

® cyclic endurance required

This table provides the basic means for preliminary selec-
tion of the gage series for most conventional applications. It
also includes recommendations for adhesives. since the
adhesive ir. a strain gage installation becomes part of the
gage system, and correspondingly affects the perfermance of

the gage. This selection table, supplemented by the informa-
tion in the table on page 4, is used in conjunction with
Catalog 500, Part A — Strain Gage Listings to arrive at the
complete gage selection. The procedure for accomplishing
this is described in Section 3.0 of this Tech Note.

When a test profile is encountered that is beyond the
ranges specified in the above table, it can usually be assumed
that the test requirements approach or exceed the perfor-
mance limitations of availabte gages. Under these condi-
tions, the interactions between gage performance characteris-
tics become too complex for presentation in a simple table,
In such cases, the user should consult the Applications Engi-
neering Department of Micro-Measurements for assistance
in arriving at the best compromise.
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As indicated in the previous table, the CEA Series is
usually the preferred choice for routine strain-measurement
situations, not requiring extremes in performance or envi-
ronmental capabilities (and not requiring the very smallest in
gage lengths, or specialized grid configurations). CEA-
Series strain gages are polyimide-encapsulated A-ailoy
gages, featuring large, rugged. copper-coated tabs forease in
soldering lead wires directly to the gage (photograph below).
These thin, flexibie gages can be contoured to almost any
radius. In overall handling characteristics, forexample, con-
venience, resistance to damage in handling,. etc.. CEA-Series
gages are outstanding.

BACKING
/ ENCAPSULATION

CQOPPER-COATED TABS

2.4 Gage Length

The gage length of a strain gage is the active or strain-
sensitive length of the grid, as shown below. The endloops
and solder tabs are considered insensitive to strain because
of their relatively large cross-sectional area and low electrical
resistance. To satisfy the widely varying needs of experimen-
tal stress analysis and transducer appiications, the Micro-
Measurements Division offers gage lengths ranging from
0.008 in (0.2 mmj to 4 in (100 mm),

GAGE LENGTH

Gage length is often a very important factor in determin-
ing the gage performance under a given set of circumstances.
For example, strain measurements are usually made at the
most critical points on a machine part or structure — that is,
at the most highly stressed points. And, very commonly, the
highly stressed points are associated with stress concentra-
tions. where the strain gradient is quite steep and the area of
maximum strain is restricted to a very small region. The
strain gage tends to integrate, or average, the strain over the
area covered by the grid. Since the average of any nonuni-
form strain distribution is always less than the maximum, a
strain gage which is noticeably larger than the maximum
strain region will indicate a strain magnitude which is too

low. The sketch below illustrates a representative strain dis-
tribution in the vicinity of a stress concentration, and dem-
onstrates the error in strain indicated by a gage which is too
long with respect to the zone of peak strain.

EPEAK STRAIN

INDICATED
-— — STRAIN

w_

STRAIN

As a rule of thumb, when practicable, the gage length
should be no greater than 0.1 times the radius of a hole, fillet,
or notch. or the corresponding dimension of any other stress
raiser at which the strain measurement is to be made. With
stress-raiser configurations having the significant dimension
iess than, say, 0.5in (13 mm), this rule of thumb can lead to
very small gage lengths. Because the use of a small strain
gage may introduce a number of other problems, it is often
necessary to COmpromise.

Strain gages of less than about (.125in (3 mm) gage length
tend to exhibit degraded performance — particularly in
terms of the maximum allowable elongation, the stability
under static strain, and endurance when'subjected to alter-
natir= cyclic strain. When any of these considerations out-
weiy - the Inaccuracy due to strain averaging, a larger gage
may oe required.

When they can be employed, larger gages offer several
advantages worth noting. They are usually easier to handle
(in gage lengths up to, say, 0.5 in or /3 mm) in nearly every
aspect of the installation and wiring procedure than minia-
ture gages. Furthermore, large gages provide improved-heat
dissipation because they introduce, for the same nominal
gage resistance, lower wattage per unit of grid area. This
consideration can be very important when the gage is
installed on a plastic or other substrate with poor heat-
transfer properties. Inadequate heat dissipation causes high
temperatures in the grid, backing, adhesive, and test speci-
men surface, and may noticeably affect gage performance
and accuracy (see Measurements Group Tech Note TN-502.
Optimizing Strain Gage Excitation Levels).

Still another application of large-strain gages — in this
case, often very large gages — is in strain measurement on
nonhomogeneous materials. Consider concrete, for exam-
ple, which is a mixture of aggregate (usually stone) and
cement, When measuring strains in a concrete structure it is
ordinarily desirable to use a strain gage of sufficient gage
length 10 span several pieces of aggregate in order to measure

—6 -



the representative strain in the structure. In other words. it is
usually the average strain that is sought in such instances,

These requirements severely limit the meaningful applicabil-
ity of single-grid strain gages in stress analysis; and faiiure to

not the severe local fluctuations in strain occurring at the consider_biaxiality of the stress state can lead to large errors.

___interfaces between the aggregate particles and-the cement-In

. general, when measuring strains on structures made of com-
posite materials of any kind, the gage iength should normally
be large with respect 1o the dimensions of the inhomogene-
ities in the material,

As a generally applicable guide. when the foregoing con-
siderations do not dictate otherwise, gage lengths in the
range from 0.125 to 0.25 in (3 10 6 mm) are preferable. The
largest selection of gage patterns and stock gages is available
in this range of lengths. Furthermore. larger or smaller sizes
generally cost more, and larger gages do not noticeably
improve fatigue life, stability, or elongation, while shorter
gages are usually inferior in these characteristics.

2.5 Gage Pattern

The gage pattern refers cumulatively to the shape of the
grid, the number and orientation of the grids in a multiple-
grid gage, the solder tab configuration, and various con-
struction features which are standard for a particular pat-
tern. All details of the grid and solder tab configurations are
iliustrated in the “Gage Pattern” columns of Catalog 500,
Part A — Sirain Gage Listings. The wide variety of patterns
in the list is designed to satisfy the full range of normal gage
installation and strain measurement requirements.

With single-grid gages, pattern suitability for a particular
application depends primarily on the following:

Solder tabs - These should, of course, be compatible in
size and orientation with the space available at the gage
installation site. It is also important that the tab arrange-
ment be such as to not excessively tax the proficiency of
the installer in making proper leadwire connections.

Grid width — When severe strain gradients perpendicular
to the gage axis exist in the test specimen surface, a
narrow grid will minimize the averaging error. Wider
grids. when available and suitable to the installation site,
will improve the heat dissipation and enhance gage stabil-
ity — particularly when the gage is to be installed on a
material or specimen with poor heat transfer properties.

Gage resistance — In certain instances, the only differ-
ence between two gage patterns available in the same
series is the grid resistance — typically 120 ohms vs. 350
ohms. When the choice exists, the higher-resistance gage
is preferable in that it reduces the heat generationrate by a
factor of three (for the same applied voltage across the
gage). Higher gage resistance also has the advantage of
decreasing leadwire effects such as circuit desensitization

due to leadwire resistance, and unwanted signal varia-

tions caused by leadwire resistance changes with temper-
ature fluctuations. Similarly, when the gage circuit
includes switches, slip rings, or other sources of random
resistance change, the signal-to-noise ratio is improved
with higher resistance gages operating at the same power
level,

In experimental stress analysis, a single-grid gage would

normally be used only when the stress state at the point of
measurement is known to be uniaxial and the directions of |

the principal axes are known with reasonable accuracy (£5°).

in-the-stress-magnitude-inferred-from-measurements-made
with a single-grid gage.

For a biaxial stress state — a com-
mon case necessitating strain mea-
surement — a two- or three-eiement
rosette is required in order to deter-
mine the principal stresses. When the
directions of the principal axes are
known in advance, a two-element 90-
degree {(or “‘tee™) rosette can be
employed with the gage axes aligned to coincide with the
principal axes. The directions of the principal axes can some-
times be determined with sufficient accuracy from one of
several considerations. For example. the shape of the test
object and the mode of loading may be such that the direc-
tions of the principal axes are obvious from the symmetry of
the situation, asin a cylindrical pressure vessel. The principal
axes can also be defined by testing with photoelastic coating.

90-degree rosette

In the most general case of sur-
face stresses, when the directions r AL L
of the principal axes are not known
from other consideratons, a three- - - - -

element rosette must be used to ‘ N
obtain the principal stress magni- L 1)

- 1
tudes. The rosetie can be installed - ’ -

with any orientation, but is usually
mounted so that one of the grids is
aligned with some significant axis
of the test object. Three-element
rosettes are available in both 45-
degree rectangular and 60-degree
delta configurations. The usual
choice is the rectangular rosette
since the data-reduction task is
somewhat simpler for this configuration,

45-degree rosette

60-degree rosette

When a rosette is to be employed,
careful consideration should always
be given to the difference in character-
istics between single-plane and stacked
rosettes. For any given gage length,
the single-plane rosette 1s superior to the
stacked rosette in terms of heat transfer
to the test specimen, generally providing better stability and
accuracy for static strain measurements. Furthermore, when
there s a significant strain gradient perpendicular to the test
surface (as in bending), the single-plane rosette will produce
more accurate strain data because all grids are as close as
possible to the test surface. Still another consideration is that
stacked rosettes are generaily less conformable to contoured
surfaces than single-plane rosettes,

Stacked rosette

On the other hand, when there are large strain gradients in
the plane of the test surface, as is often the case, the singie-
plane rosette can produce errors in strain indication because
the grids sample the strain at different points. For these
applications the stacked rosette is ordinarily preferable. The
stacked rosette is also advantageous when the space for
mounting the rosette is limited.

.



tures for its strain gages and special sensors. The addition of

2.6 Optional Features Availability of each option varies with gage series and pat-
tern. Standard options are noted for each sensor in Catalog

Micro-Measurements offers a selection of optional fea- 500. Part A — Sirain Gage Lisiings

options to 1the basic gage construction usually increases the " Shown below is a summa .
o = b v of
cost. but this is generally offset by the benefits. Examples offered " ry of the optional features
are: '
® Significant reduction of installation time and costs Standard Catalog Options
® Reduction of the skill level necessary to make depend-
able installations OPTION BRIEF DESCRIPTION
® Increased reliability of applications w Integral Terminals and Encapsulation
® Simpiified installation of sensors in difficult locations on E Encapsulation with Exposed Tabs
components or in the field
‘ SE Solder Dots and Encapsulation
® [ncreased protection. both in handling during installation
and shielding from the test environment L Preattached Leads
® Achievement of special performance characteristics LE Preattached Leads and Encapsulation
Option W Series Availability: EA, EP, WA, ED, EK, WK

General Description: This option provides encapsulation, and thin, printed circuit terminals at the tab end
of the gage. Berylliurn copper jumpers connect the terminals to the gage tabs. The terminals are 1.4 mil
[0.0014 in (0.036 mm)]} thick copper on polyimide backing about 1.5 = . [0.0015 in (0.038 mm)] thick.
Option W gages are rugged and well protected, and permit the direct atiaciiment of larger leadwires than
would be possible with open-faced gages. This option is primarily used on EA-Series gages for general-
purpose applications. Solder: «430°F (+220° C) tin-silver alloy solder joints on E-backed gages. +370°F
{+300° C) lead-un-silver alloy solder joints on W-backed gages. Temperature Limit: +400°F (+200° C) for
E-backed gages, +500°F (+260° C) for W-backed gages. Grid Protection: Entire grid and part of terminals
are encapsulated with poivimide. Fatigue Life: Some loss in fatigue life unless strain levels at the terminal
location are below 210004 €. Size: Option W extends from the soldering tab end of the gages and thereby
increases gage size. With some patterns width is slightly greater. Strain Range: With some gage series.
notably E-backed gages. strain range will be reduced. This effect is greatest with EP gages, and Option W
should be avoided with them if possibie, Flexibility: Option W adds encapsulation, making gages slightly
thicker and stiffer. Conformance to curved surfaces will be somewhat reduced. [n the terminal area itself.
stiffness is markedly increased. Resistance Tolerance: On E-backed gages, resistance tolerance is normally
doubled.

Option E Series Availability: EA, ED, EK, EP

General Description: Option E consists of a protective encapsulation of polyimide film approximately
i mil[0.001 in (0.025 mrm )] thick. This provides ruggedness and excellent grid protection, with little sacrifice
in flexibility. Soldering is greatly simplified since the solder is prevented from tinning any more of the gage
tab than is deliberately exposed for iead attachment. Option E contributes significantly to long-term gage
stability, because the grid cannot be contaminated by fingerprints or other agents during installation.
Heavier leads may be attached directly to the gage tabs for simple static load tests. Supplementary protective
coatings should still be applied after lead attachment in most cases. Temperature Limit: No degradation.
Grid Protection: Entire grid and part of tabs are encapsulated. Fatigue Life: When gages are properly wired
with small jumpers. maximum endurance is easily obtained. Size: Gage size is not affected. Strain Range:
Strain range of gages will be reduced because the additional reinforcement of the polyimide encapsulation
can cause bond failure before the gage reaches its full strain capability. Flexibility: Option E gages are
almost as conformable on curved surfaces as open-faced gages, since no internal leads or solder are present
at the time of installation. Resistance Tolerance: Resistance tolerance is normally doubled when Option E is
selected.
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Option SE Series Availability: EA, ED, EK, EP

General Description: Option SE is the combination of solder dots on the gage tabs with a 1-mil [0.001-in
(0.025-mm )] polyimide encapsulation layer that covers the entire gage. The encapsulation is removed over
the solder dots. providing access for lead attachment. These gages are very flexible, and well protected from
handling damage during installation, Option SE is primarily intended for small gages that must be installed
in restricted areas, since leadwires can be routed to the exposed solder dots from any direction, The cption
does not increase overall gage dimensions, so the matrix may be field-trimmed very close to the actual
pattern size. Option SE is sometimes useful on miniature transducers of medium or low accuracy class, orin
stress analysis work on miniature parts. Solder: +570°F (+300° C) lead-un-silver alloy. To prevent loss of
long-term stability, gages with Option SE must be soldered with noncorrosive {rosin) flux, and all flux
residue should be carefully removed with M-LINVE Rosin Solvent after wiring. Protective coatings should
then be used. Temperature Limit: No degradation. Grid Protection: Entire gage is encapsulated. Fatigue
Life: When gages are properly wired with small jumpers. maximumendur::ie is easily obtained. Size: Gage
size is not affected. Strain Range: Strain range of gages will be reduced because the additional reinforcement
of the polvimide encapsulation can cause bond failure before the gage reaches its full strain capability.
Flexibility: Option SE gages are almost as conformable on curved surfaces as open-faced gages. Resistance
Tolerance: Resistance tolerance is normally doubled when Option SE is selected.

Option L Series Availability: EA, ED, EK, EP

General Description: Option L is the addition of soft copper lead ribbons to open-faced polyimide-backed
gages. The use of this type of ribbon results in a thinner and more conformable gage than would be the case
with round wires of equivalent cross section. At the same time, the ribbon is so designed that it forms almost
as readily in any desired direction. Leads: Nominal ribbon size is 0.012 wide x 0.004 thick in (0.30 x 0.10
mm). Leads are approximately 0.8 in (20 ram ) long. Solder: +430°F (+220° C) tin-silver alloy. The solder s
confined to small, well-defined areas at the end of each ribbon. Temperature Limit: +400°F (+200° C).
Fatigue Life: Fatigue life will normally b€ degraded by Option L. This occurs primarily because the copper
ribbon has limited cyclic endurance. When it is possible to carefully dress the leads so that they are not
bonded in a high strain field. the performance limitation will not apply. Option L is not often recommended
for very high endurance gages such as the ED Series. Size: Matrix size is unchanged. Strain Range: Strain
range will usually be reduced by the addition of Option L. Flexibility: Gages with Option L are not as
conformable as standard gages. Resistance Tolerance: Not aifected.

Option LE Series Availability: EA, ED, EK, EP

General Description: This option provides the same conformable soft copper lead ribbons as used in Option
L. but with the addition of a 1-mil [0.001-in (0.025-mm)] thick'encapsulation layer of polyimide film. The
encapsulation laver provides excellent protection for the gage during handling and installation. It aiso
contributes greatly to environmental protection, though supplementary coatings are still recommended for
field use. Gages with Option LE will normally show better long-term stability than open-faced gages which
are “waterproofed” only after installation. A good part of the reason for this is that the encapsulation layer
prevents contamination of the grid surface from fingerprints or other agents during handling and installa-
tion. The presence of such contaminants will cause some loss in gage stability, even though the gage is
subsequently coated with protective compounds, Leads: 0.012 wide x 0.004 thick in (0.30 x 0./0 mm ) copper
ribbons. Leads are approximately 0.8 in (20 mm)long. Solder: +430°F (+220° C) tin-silver alloy. The solder
is confined to small, well-defined areas at the end of each ribbon. Temperature Limit: +400°F (+200° C).
Grid Protection: Entire gage is encapsulated. A short extension of the backing is left uncovered at the
leadwire end to prevent contact between the leadwires and the specimen surface. Fatigue Life: Fatigue life
will normally be degraded by Option LE. This occurs primarily because the copper ribbon has limited cyclic
endurance. Option LE is not often recommended for very high endurance gages such as the ED Series. Size:
Matrix size is unchanged. Strain Range: Strain range will usually be reduced by the addition of Option LE.
Flexibility: Gages with Option LE are not as conformable as standard gages. Resistance Tolerance:
Resistance tolerance is normally doubled by the addition of Option LE.
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Leadwire Orientation for Options L and LE

These illustrations show the standard orientation of leadwires relative to the gage pattern geometry for Opuions [ and LE.
The general rule is that the leads are parallel to the longest dimension of the pattern. The illusteations also apply to leadwire
orientation for WA-, WK-. and WD-Series gages. when the pa:tern shown is available in one of these series.

-
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2.7 Characteristics of Standard Catalog Options
on EA-Series Gages

As in other aspects of strain gage selection, the choice of
options ordinarily involves a variety of compromises. For
instance. an option which maximizes a particular gage
performance parameter such as fatigue life may at the same
time require greater skill in installing the gage. Because of the
many interactions between installation attributes and per-
formance parameters associated with the options, the rela-
tive merits of all standard options are summarized qualita-
tively in the chart below as an aid to option selection. For
comparison purposes, the corresponding characteristics of
the CEA Series are given in the rivht-most coiumn of the
table,

Since. in strain measurement for stress analysis, the stan-
dard options are most frequently applied to EA-Series strain
gages, the information supplied in this section is directed
primarily toward such option applications.

When contemplating the application of an EA-Series gage
wi'h an option, the first consideration should usually be
whether there is an equivalent CEA-Series gage that will
satisfy the test requirements. Comparing, for example, an
EA-Series gage equipped with Option W and a simitar CEA-
Series patiern, it will be found that the latter is characterized
by lower cost, greater flexibility and conformability, and
superior fatigue life. The only possible advantages for the
selection of Option W are the wider variety of available

‘patterns and the occasional need {or large soldering terminais.

It should also be noted that many standard strain gage
types, without options, are normally available from stock;
while gages with options are commonly manufactured to
order, and may thus involve a minimum order requirement.

In the tabie below. the respective performance parameters
for an open-faced EA-Series gage without options are
arbitrarily assigned a vatue of 5. Numbers greater than 5
indicate a particular parameter is improved by addition of
the option. while smaller numbers indicate a reduction in
performance.

INSTALLATION ATTRIBUTE -2 SR SO C‘EA
OR PERFORMANCE PARAMETER T . © B-- -] SERIES

Overall Ease of Gage Installation 8 6 5 6 10
Ease of Leadwire Attachment 10 7 7 8 10
Protection of Grid from Environmental Attack 8 8 5 8 8
Cyclic Strain Endurance 2 8 3 4 4
Elongation Capability 2 3 4 3 3
Resistance Tolerance 3 3 5 3 3
Reinforcement Effects 2 3 5 a 3




3.0 Gage Selection Procedure

The performance of a strain gage in any given application
is affected by evervelement in the designand tidnufacture of

With an initial selection of the gage size and pattern com-
pleted, the next step is to select the gage series. thus determin-
ing the foil and backing combination, and any other features .

the gage. Micro-Measurements offers a great variety of gage
tvpes for meeting the widest range of strain measurement
needs. Despite the large number of variables involved, the
process of gage selection can be reduced to onlv a few basic
steps. From the diagram below that explains the gage desig-
nation code, itisevident that there are but five parameters to
select, not counting options. These are: the gage series. the
5-T-C number. the gage length and pattern. and the
resistance.

Of the preceding parameters, the gage length and pattern
are normally the first and second selections to be made.
based on the space available for gage mounting and the
nature of the stress field in terms of biaxiality and expected
strain gradient. A good starting point for initial considera-
tion of gage length is 0.125 in (3 mm). This size offers the
widest variety of choices from which to select remaining gage
parameters such as pattern, series and resistance. The gage
and its solder 1abs are large enough for relatively easy han-
dling and instailation. At the same time, gages of this length
provide performance capabilities comparable to those of
larger gages.

The principal reason for selecting a longer gage would
commonly be one of the following: (a) greater grid area for
better heat dissipation: (b) improved strain averaging on
inhomogeneous materials such as fiber-reinforced compo-
sites; or (c) slightly easier handling and installation [for gage
lengths up 10 0.50 in {13 mm)]. On the other hand, a shorter
gage length may be necessary when the object is to measure
localized peak strains in the vicinity of a stress concentra-
tion, such as a hole or shoulder. The same is true, of course,
when the space available for gage mounting is very limited.

In selecting the gage pattern. the first consideration is
whether a single-grid gage or rosette is required (see Section
2.5). Single-grid gages are available with different aspect
{length-to-width} ratios and various solder tab arrangements
for adaptability to differing installation requirements. Two-
clement 90-degree rosettes, when applicable, can also be
selected from a number of different grid and solder tab
configurations. With three-element rosettes (rectangular or
delta), the primary choice in

common_to.the. series.-This-is-accomplished-by-referring-to
the chart on page 5. which gives the recommended gage
series for specific test “profiles”, or sets of test requirements.
If the gage series is 10 have a standard option applied, the
option should be tentatively specified at this time, since the
availability of the desired option on the selected gage pattern
in that series requires verification during the procedure out-
lined in the foilowing paragraph.

After selecting the gage series (and option, if any), refer-
ence is made avain to Catalog 500, Part A — Strain Gage
Listings to record the gage designation of the desired gage
size and pattern in the recommended series. If this combina-
tion 1s not listed as available in the catalog, a similar gage
pattern in the same size group. or a slightly different size in
anequivalent pattern, can usually be selected for meeting the
installation and test requirements. [n extreme cases, it may
be necessary to select an alternate series and repeat this

‘process. Quite frequently, and especially for routine strain

measurement, more than one gage size and pattern combina-
tion will be suitabie for the specified test conditions. In these
cases, itis wise to select a gage from the Super Stock Listings
to efiminate the likelihood of extended delivery time or a
minimum order requirement.

As noted under the gage pattern discussion on page 7,
there are often advantages from selecting the 350-ohm
resistance if this resistance is compatible with the instrumen-
tation to be used. This deciston may be influenced, however
by cost considerations, particularly in the case of very small
gages. Some reduction in fatigue life can also be expected for
the high-resistance small gages. Finally, in recording the
complete gage designation, the S-T-C number should be
inserted from the list of available numbers for each alloy~
given on page 4 of Catalog 500, Part A — Strain Gage
Listings.

This completes the gage selection procedure. In each step
of the procedure, the Strain Gage Selection Checklist on
page 12 should be referred to as an aid in accounting for the
test conditions and requirements which could affect the
selection.

pattern selection, once the gage
length has been determined, is
between planar and stacked con-

" Strain Gage Selection Steps .. -

L e L

PR

e

struction, as described in Sec-
tion 2.5.

The format of Catalog 500,

L
EA-06-2508F-350 — OPTION LE
T T

Part A — Strain Gage Listings
is designed to simplify selection
of the gage length and pattern.
Similar patterns available ineach
gage length are grouped together,
and listed in order of size. The
strain gages in the Super Stock
section of the catalog are the
most widely used for stress ana-
lysis applications. This section
should always be reviewed first
to locate an appropriate gage.

GAGE LENGTH
GAGE PATTERN
L GAGE SERIES

OPTICON (IF ANY)
RESISTANCE
$-T-C NUMBER @ -
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4.0 Strain Gage Selection Checklist

This checklist is provided as a convenient, rapid means for
helping make certain that no critical requirement of the test
profile which could affect gage selection is overlooked. [t
should be borne in mind in using the checkhst that the
“considerations” listed apply to relatively routine and con-
ventionat stress analvsis sitwations, and do not embrace
exotic applications involving nuclear radiation. intense
magnetic fields, extreme centrifugal forces, and the like.

CONSIDERATIONS FOR
PARAMETER SELECTION

r

Sefection Step, 1 J strain gradients

Parameter: Gage Length O area of maximum strain
(] accuracy reguired

O static strain stabitity

O maximum elongation
O cyclic endurance

] heat dissipation

space for installation

oo

ease of instatlation

Selection Step: 2
Parametar: Gage Pattern

strain gradients {in-plane and
narmal to surface)

biaxiatity of stress
heat dissipation
space for installation’
ease of installation

oooao I

gage resistance availability

O

Selection Step: 3
Parameter: Gage Series

type of strain measurement
apgtication (static, dynamigc,
post-yield, etc.)

operating temperature
test duration

cyclic endurance
accuracy required
ease of installation

Selection Step: 4
Paramatar: Options

type of measurement (static,
dynamic. post-yield, etc.)

instaliation envirgpnment —
laboratory or field

stability requirements

soldering sensitivity of
substrate (plastic, bone, etc.)

space availabie for installation

oo oo o o aoooo

installation time constraints

Selection Step: 5 [ heat dissipation

Parameter: Gage Resistance [ oagwire desensitization

a signal-to-noise ratio

Selection Step: 6 [ 1est specimen materiai

Parameter: $-T-C Number O operating temperature range

O aceu racy reauired

5.0 Gage Selection Examples

In this section. three examples are given of the gage-
selection procedure in representative stress analysis situa-
tions. An attempt has been made to provide the principal
reasons for the particular choices which are made. 1t should
be noted. however, that an experienced stress analyst does
not ordinarily proceed in the same siep-by-step fashion illus-
trated in these examples. [nstead. simultaneously keeping in
mind the test conditions and environment, the gage instaila-
tion constraints, and the test requirements. the analyst
reviews Catalog 500. Part A — Strain Gage Listings, and
yuickly segregates the more likely candidates from among
the available gage-pattern and series combinations in the
appropriate sizes. The selection criteria are then refined in
accordance with the particular strain-measurement task to
converge on the gage or gages to be specified for the test
program. Whether formally or otherwise, the knowledge-
able practitioner does so in the light of parameter selection
considerations such as those itemized in the preceding
checklist.

A. Design Study of a Pressure Vessel

Strain measurements are to be made on a scaled-down
plastic model of a pressure vessel. The model will be tested
statically at. or near, room temperature: and, although the
tests may be conducted over a period of several months,
individual tests will take only a few hours to run.

Gage Selection:

I. Gage Length — Very short gage lengths should be
avoided in order to minimize heat dissipation problems
caused by the low thermal conductivity of the plastic. The
model is quite large, and apparently free of severe strain
gradients: therefore. a 0.25-in (6.3-mm) gage length is
specified, because the widest selection of gage patterns is
available in this length.

2. Gage Pattern — In some areas of the model. the direc-

tions of the principal axes are obvious from considera-
tions of symmetry, and single-grid gages can beemployed.
Of the patierns available in the selected gage length, the
250BF pattern is a good compromise because of its high
grid resistance which will help minimize heat dissipation
problems.
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In other areas of the model, the directions of the principal
axes are not known, and a three-element rosette will be

Gage Selection:

required. For this purpose, a “planar™ rosette should be 1. Gage Length — A gage length which is small with cespect

selected. since.a.stacked rosette.would contribute-signifi-.
cantly to reinforcement and heat dissipation problems.
Because of its high-resistance grid. the 250RD patternis a
good choice.

3. Gage Series — The polvimide (E) backing is preferred
because its low elastic modulus will minimize reinforce-
ment of the plastic model. Because the normal choice of
grid alloy for static strain measurement at room tempera-
ture is the A alloy. the EA Series should be selected for
this appiication.

4. Options — Excessive heat apphication to the test model
during leadwire attachment could damage the material.
Option L (preattached leads} is therefore selected so that
the instrument cable can be attached directly to the leads
without the application of a soldering iron to the gage
proper. Option L is preferable over Option LE because
the encapsulation in the latter option would add rein-
forcement.

3. Resistance — In this case. the resistance was determined
‘= Step 2 when the higher resistance alternative was
seiected from among the gage patterns: i.e.. in selecting
the 250BF over the 250BG. and the 250RD over the
250R A, The selected gage resistance is thus 350 ohms.

6. §-T-C Number — ldeally, the gages shouid be self-
temperature-compensated to match the model material.
but this is not always feasible, since plastics — particu-
larly reinforced plastics — vary widely in thermal expan-
sion coefficient. For unreinforced plastic, S-T-C 30,40 or
50 should usually be selected. If a mismatch between the
model material and the S-T-C number is necessary, S-T-C
13 should be selected (because of stock status), and the
test performed at constant temperature.

Gage Designations:
From the above steps, the strain gages to be used are:

EA-30-250BF-350/ Option L (single-grid)
EA-30-250R D-350/ Option L (rosette)

See page 15 for a description of the strain gage types
mentioned in this section,

B. Dynamic Stress Analysis Study
of a Spur Gear in a Hydraulic Pump

Strain measurements are to be made at the root of the gear
tooth while the pump is operating. The fillet radius at the
tooth root is 0.125 in (or about 3 mm) and test temperatures
are expected to range from 0° to +180°F (-20° 10 +80° C).

GAGE LOCATIONS

to_the fillet radius should be specified for.this application.
Alength of 0.015 in (0.38 mm)is preferable. but reference
to Catalog 500. Part A — Strain Gage Listings. indicates
that such a choice severely limits the available gage pat-
terns and grid ailoys. Anticipating problems which would
otherwise be encountered in Steps 2 and 3. a gage length
of 0.031 in /0.8 mm) is selected.

2. Gage Paitern — Because the gear is a spur gear. the
directions of the principal axes are known, and single-grid
gages can be employed. A gage pattern with both solder
tabs at the same end should be selected so that leadwire
connections can be located inthe clearance area along the
root circte between adjacent teeth. [n the light of these
considerations, the 031CF pattern is chosen for the task.

3. Gage Series — Low strain levels are expected in this
applicauon: and. furthermore, the strain signals mus: be
transmitted through slip rings or through a telemetry
system to get from the rotating component to the station-
ary instrumentation. Iso-Elastic (D allov) is preferred for
its higher gage factor {(nominally 3.2, incontrast to 2.1 for
A and K alloys). Because the gage must be very flexible to
conform to the small fillet radius, the E backing is the
most suitable choice. The maximum test temperature s
not a consideration in this case, since it 15 well within the
recommended temperature range for any of the standard
backings. The combination of the E backing and the D
alloy defines the ED gage series.

4. Options — For protection of the gage grid in the test
environment, Option E, encapsulation, should be speci-
fied. Because of the limited clearance between the outside
diameter of one gear and the root circle of the mating
gear, a particularly thin gage installation must be made;
and very small leadwires will be attached to the gage 1abs
at 90° 10 the grid direction. and run over the sides of the
gear for connection to larger wires. This requirement
necessitates attachment of the small leadwires after gage
bonding, and prevents the use of preautached leads.

5. Resistance — Inthe ED-Series version of the 031CF gage
pattern, Catalog 500, Part A — Sirain Gage Listings. lists
the resistance as 350 ohms. The higher resistance should
usually be setected whenever the choice exists. and will be
advantageous in this instance in improving the signal-to-
noise ratio when slip rings are used.

6. §5-T-C Number — D alloy is not subject to self-temperature-
compensation, nor is compensation needed for these tests
since only dynamic strain is to be measured. [n the ED-
Series designation the two-digit S-T-C number is replaced
by the letters DY for "dynamic.”

Gage Designation:

Combining the results of the above selection procedure,
the gage to be employed is:

ED-DY-031CF-350/Option E




C. Flight-Test Stress Anaiysis
of a Titanium Aircraft Wing Tip Section ~
With, and Without, a Missile Module Attached

The operating temperature range for strain measurements
is from -65° to +450°F (-53° 10 +230°C). and will be a
dominant factor in the gage selection.

Gage Selection:

f.

Gage Length — Preliminary design studies using the Photo-
Stress® photoelastic coating technique indicate that a
gage length of 0.062 in (1.6 mm represents the best compro-
mise in view of the strain gradients. areas of peak strain,
and space for gage installation.

Gage Pattern — With information about the stress state
and directions of principal axes gained from the photo-
elastic coating studies, there are some areas of the wing tip
where single-grid gages and two-element “tee” rosettes
can be emploved. In other locations, where principal
strain directions vary with the nature of the flight
maneuver, 45°-degree rectangular rosettes are required.

The strain gradients are sufficiently steep that stacked
rosettes should be selected. From Catalog 500. Part A
—Strain Gage Listings. the foregoing requirements sug-
gest the selection of 060WT and 060WR gage patterns for
the stacked rosettes. and the 062 AP pattern for the single-
grid gage. In making this selection. attention was given to
the fact that ali three patterns are available in the WK
Series. which is compatible with the specified operating
temperature range.

. Gage Series — The maximum operating temperature,

along with the requirement for static as well as dynamic
strain measurement. clearly dictates use of K alloy for the
grid material. Either ‘the SK or WK Series could be
selected. but the WK gages are preferred because they
have integral leadwires.

. Options — For ease of gage installation. Option W, with

integral soldering terminals, is advantageous. This option
is not applicable to stacked rosettes, however, and is
therefore specified for only the single-grid gages.

. Resistance — When available. as in this case. 350-ohm

gages should be specified because of the benefits asso-
ciated with the higher gage resistance.

. §-T-C Number — The titanium alloy used in the wing tip

section is the 6A1-4V type, with a thermal expansion
coefficient of 4.9 x 1075 per °F (8.8 x /07 per° C). K alloy
of S-T-C number 05 is the appropriate choice.

Gage Designations:

WK-05-062AP-350/Option W
WK-05-060WT-350
WEK-05-060WR-350

— 14—



Strain gages referenced on pages 13 and 14.

| GAGE.PATTERN “"';’“;:...“"‘ y

irsition.

ES = Esch Section
5 = Saection {51 = Sec 1)
CP# = Complete Pattern [ inches |
M = Matrix
N
-
tX 6X
GAGE OVERALL GRID OVERALL
LENGTH LENGTH WIDTH WIDTH
0.031 0.076 0.062 D.062
0.79 1.93 1.57 - 1.57
Matrix Size 01901 x 0.14W 480 x 3.5W
*
GAGE QVERALL GRID OVERALL
LENGTH LENGTH WIOTH WIDTH
0.250 0375 3.125 0125
6.35 2.53 318 2.18
Matrix Size 0.52L x 0.22W 13.2L x 5.0W
r i
[ o
GAGE OVERALL GRID QVERALL
LENGTH LENGTH WIDTH WIDTH
0.250 ES 0.550 CF 0.125 €S 0.847 CP
6.35 ES 13.79 CP 3.18 ES 21.51 CP
Matrix Size 0.78L x 0.93W 19.81 x 23.6W

) ——== Actual Sire Shown. ]
‘GAEEPA"ERN*W When Nectesary
For Definition.
ES = Esch Section
S = Section {51 = Sec 1)
CP = Compleie Pattern -mnx-
M = Matrix [ mtitimeires |
" B
1X 2X
GAGE QVERALL GRID OVERALL
LENGTH | LENGTH WIDTH WIDTH
0.062 0.114 0.062 0.062
1.57 2.90 1.57 1.57
Matrix Size 0.26L x 0.16W G.6L x 4 TW
T
- JF)—-
T -
1X 2X
GAGE OVERALL GRID OVERALL
LENGTH | LENGTH WIDTH WIDTH
0.060 ES 0.240M 0.060 ES 0300 M
1.52ES 61M 1.52ES 76M
Matrix Size 0.24L x 0.30W 6.1L x 7.6W
1X 2X
GAGE OVERALL GRID OVERALL
LENGTH LENGTH WIDTH WIDTH
0.060 ES 024 M 0.060 ES 0.030 M
1.52 ES 81 M 1.52 ES TEM
Matrix Size 0.24L x Q.30W 6.1 x 7.6W




M-L/INE ACCESSORIES

Strain Gage Installations with
M-Bond 200 and AE-10 Adhesive Systems

1.0 INTRODUCTION .

Because the strain gage is an extremely sensitive device ca-
pable of registering the smallest effects of an imperfect bond,
considerable attention to detail must be taken to assure
stable, creep-free installations. However, the techniques
involved are very simple, and readily mastered.

This manual gives explicit step-by-step instructions for mak-
ing consistently successful strain gage installations with
M-Bond 200 and M-Bond AE-10 Adhesives. These direc-
tions should be followed precisely. More detailed informa-
tion may be found in the Measurements Group VideoTech™
Library and in the following publications:

¢ Instruction Bulletin B-129, Surface Preparation for
Strain Gage Bonding.

® Instruction Bulletin B-127, Strain Gage [nstalla-
tions with M-Bond 200 Adhesive.

¢ [Instruction Bulletin B-137, Strain Gage [nsialla-
tions with M- Bond A E- 10/ 15 and M- Bond GA-2 Adhestve
Systems.

All operations described in this manual can be performed
with the use of the Student Strain Gage Application Kit. The
procedures outlined here are ideally suited to the classroom
or teaching laboratory. For most teaching/learning activi-
ties involving strain gage technology, the specially priced,
first-quality Student Gages manufactured by Micro-
Measurements Division of the Measurements Group may be
used with excellent results.

2.0 STRAIN GAGE ADHESIVES

Because consistently successful installation of strain gages
requires the use of an adhesive certified for strain gage use,
Micro-Measurements M-LINE adhesives undergo extensive
laboratory testing to ensure reliability and consistency of
those properties required in strain gage bending. To assure

accurate and reliable strain gage measurements, itis strongly
recommended that a certified adhesive such as M-Bond 200
methyl-2-cyanoacrylate or M-Bond AE-10 epoxy adhesive
be selected for most general laboratory installations.

2.1 M-Bond 200

Micro-Measurements certified M-Bond 200 is an excellent
general-purpose laboratory adhesive because of its. fast
room-temperature cure and ease of application. Itis compat-
ible with all Micro-Measurements strain gages and all com-
mon structural materials. M-Bond 200 Adhesive can be used
for high-elongation tests (+60 000u€), for fatigue studies,
and for one-cycle proof tests within a normal operating
temperature range of -25° to +150°F (-32° to +65°C).

The catatyst supplied with M-Bond 200 is specially formu-
lated to control the reactivity rate. For best results, the
catalyst should be used sparingly. Since M-Bond 200 bonds
are weakened by exposure to high humidity, adeguate pro-
tective coatings are essential. Because this adhesive will
become harder and more brittle with time, M-Bond 200 is
not generally recommended for permanent installations over
one or two years in duratien.

HANDLING PRECAUTIONS

M-Bond 200 is a cyanoacrylate compound. Immedigie
bonding of eye, skin, or mouth may result upon comaci.
Causes irritation. The user is cautioned 10 (1) avoid con-
tact with skin; (2) avoid prolonged or repeated breathing
of vapors: and (3) use with adequate ventilation. For
additional health and safety information, consult the
material safetv daia sheet which is available upon reques.

The shelf life of M-Bond 200 is six months when stored
under normal laboratory conditions. Life of unopened
material can be extended by refrigeration [+40°F (+3° C)j.
Due to possible condensation problems, care should be
taken to allow the unopened bottle to return to room
temperature before opening. Refrigeration after opening is
not recommended.

L
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2.2 M-Bond AE-10

Micro-Measurements certified M-Bond AE-10 s a 100%;
solids epoxy system for use with strain gages. [t offers the
advantages of high elongation (10%) and wider operating
temperature range [-320° to +200°F (-195° 10 +95°C)].
Because itis highly resiztant to moisture and most chemicals,
M-Bond AE-10is recommended for permanent installations
over one year in duration.

M-Bond AE-10 Adhesive is supplied in kit form with pre-
weighed resin and sufficient curing agent for six separate
mixes of adhesive. Allow the materials to attain room
temperature before opening the containers. Each of the indi-
vidual units of resin can be separately activated by filling one
of the calibrated droppers with curing agent exactly to the
number 10 and dispensing the contents into the center of the
jar of resin. fmmediately cap the bottle of curing agent to
avoid moisture absorprion. Mix the resin and curing agent
for five minutes, using one of the plastic stirring rods. The
pat life or working time after mixing is 15 to 20 minutes at
+75°F (+24° C). The pot life can be somewhat extended by
occasionally stirring the mixture, by cooling the jar, or by
spreading the adhesive on a chemically clean aiuminum
plate. Discard the dropper and stirring rod after use.

HANDLING PRECAUTIONS

While M-Bond AE-10 is considered relatively safe to
handle, contact with skin and inhalation of its vapors
should be avoided. Immediately washing with ordinary
soap and water is effective in cleansing should skin con-
tact occur. For eve contact, rinse tharoughly with copious
amounts of water and consult a physician. For additional
health and safety information. consult the materiai safety
data sheet which is available upon request.

The shelf life of unmixed components is one year at room
temperature. During storage. crystals may form in the resin.
These crystals do not affect adhesive performance, but
should be reliquefied prior to mixing by warming the resin
jar to +120°F (+50°C) for approximately one-half hour.
Because excess heat will shorten pot life, allow the resin to
return to room temperature before adding the curing agent,

3.0 SURFACE PREPARATION

Strain gages can be bonded satisfactorily to almost any solid
material if the material surface is properly prepared. While
there are many surface preparation techniques available, the
specific procedures and techniques described here are a care-
fully developed and thoroughly proven system. They are
ideal for hoth M-Bond 200 and M-Bond AE-10 Strain Gage
Adhesives.

The purpose of surface preparation is to develop a chemi-
cally clean surface having a roughness appropriate to the
gage installation requirements, a surface alkalinity of the
correct pH, and visible gage lavout lines for locating and
orienting the strain gage. The Micro-Measurements system
of surface preparation will accomplish these objectives for
aluminum alloys and steels in five basic operations:

# Solvent degreasing

Surface abrading

& Application of gage layout lines
® Surface conditioning

¢ Neutralizing

Toensure maximum cleanliness and best results, the follow-
ing should be aveided in all steps:

® Touching the surface with the fingers
® Wiping back and forth or reusing swabs or sponges

¢ Dragging contaminants into the cleaned area from
the uncleaned boundary of that area

® Allowing a cleaning solution to evaporate on the
surface

® Allowing partially prepared surface to sit between
steps in the preparation process or a prepared sur-
face to sit before bonding

Consult Instruction Bulletin B-129 for other test materials
and for special precautions and considerations for surface
preparation.

3.1 Solvent Degreasing

CIM-
PEGRE AS eR

Degreasing is performed to remove oils, greases, organic
contaminants, and soluble chemical residues. Degreasing
should always be the first operation.’




Degreasing can be accomplished using a solvent such as
CSM-1 Degreaser. Spray applicators are preferred to avoid
back-contamination of the parent solvent. Use aciean gauze

3.4 Surface Conditioning

_sponge to_clean _the entire specimen, if possible,.oran area
covering 4 to 6 in (100 to 150 mm, on all sides of the gage
location. .

3.2 Surface Abrading

The surface is abraded to remove any loosely bonded adhet-
ents (scale. rust, paint. coatings, oxides, etc.), and todevelop
a surface texture suitable for bonding. For rough or coarse
surfaces it may be necessary to start with a grinder, disc
sander. or file; but. for most specimens a suitable surace can
be produced with only silicon-carbide paper of the appro-
priate grit. '

Place a liberal amount of M-Prep Conditioner A in the
gaging area and wet-lap with clean 320-grit silicon-carbide
paper for aluminum, or 220-grit for steel. Add Conditioner
A as necessary to keep the surface wet during the lapping
process.

When a bright surface is produced, wipe the surface dry with
a clean gauze sponge. A clean surface of the gauze should be
used with each wiping stroke. A sufficiently large area
should be cleaned to ensure that contaminants will not be
dragged back into the gaging area during the steps to follow.

Repeat the above step. using 400-grit silicon-carbide paper
for aluminum, or 320-grit for steel.

3.3 Layout Lines

The desired location and orientation of the strain gage on the
test surface should be marked with a pair of crossed, perpen-
dicular reference lines. The reference or layout lines should
be burnished. rather than scored or scribed, on the surface.
For aluminum. a medium-hard drafting pencil is satisfac-
tory. For most steels, a ball-point pen or a tapered brass rod
may be used. All residue from the burnishing operations
should be removed in the following step.

After the lavout lines are marked. Conditioner A should be
applied repeatedly, and the surface scrubbed with cotton-
lipped applicators until a clean tip is no longer discolored by
scrubbing. The surface should be kept constantly wet with
Conditioner A until the cleaning is completed. When clean.
the surface should be dried by wiping through the cieaned
area with a single slow stroke of a gauze sponge. The stroke
should begin inside the cleaned area to avoid dragging con-
taminants in from the surrounding area. Throw the used
gauze away and, with a fresh gauze. make a single slow
stroke in the opposite direction. Throw the second gauze
away.

3.5 Neutralizing

To provide optimum alkalinity for Micro-Measurements
strain gage adhesives, the cleaned surfaces must be neutral-
ized. This can be done by appiying M-Prep Neutralizer 5A
liberally to the cleaned surface, and scrubbing the surface
with a clean cotton-tipped applicator. The cleaned surface
should be kept completely wet with Neutralizer SA through-
out this operation. When neutralized, the surface should be
dried by wiping through the cleaned area with a single slow
stroke of a clean gauze sponge. Throw the gauze away and
with another fresh gauze sponge, make a single stroke in the
opposite direction. Always begin within the cleaned areato
avoid recontamination from the uncleaned boundary.

If the foregoing instructions have been followed precisely,
the surface is now properly prepared for gage bonding. The
gages should be installed within.30 minutes on aluminum or
45 minutes on steel,
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4.0 STRAIN GAGE BONDING

The electrical resistance strain gage is capable of making
accurate and sensitive indications of strains on the surface of
the test part. Its performance is absolutely dependent on the
bond between itself and the test part. The procedures out-
lined below will help ensure satisfactory bonds when using
M-Bond 200 or AE-10 Adhesives, While the steps may
appear unduly elaborate, these techniques have been used
repeatedly in strain gage installations which have yielded
consistent and accurate results. The steps shown assume that
a terminal strip will be used. When CEA-Series gages are
used. no strip is required.

4.1 Handling and Preparation

Micro-Measurements strain gages are specially treated for
optimum bond formation with all appropriate gage adhe-
sives. No further cleaning is necessary if contamination of
the prepared bonding surface is avoided during handling.
(Should contamination occur, clean with a cotton swab
moistened with a low residue soivent such as M-L/NE Neu-
tralizer 5A or GC-6 Isopropyl Alcohol. Altow the gagetodry
for several minutes before bonding.) Gages should never be
touched with the hands.

Remove the strain gage from its acetate envelope by grasping
the edge of the gage backing with tweezers. and place on a
chemicallv clean glass plate (or empty gage box) with the
bonding side of the gage down. Place the appropriate termi-
nals (if any) next to the strain gage solder tabs, leaving a
space of approximately 1/16 in (1.5 mm) between the gage
backing and terminal.

Using a 4-to-6-in (100-10-150-mm) length of M-LINE
PCT-2A cellophane tape, anchor one end of the tape to the
glass plate behind the gage and terminal. Wipe the tape
firmly down over the gage and terminals. Pick the gage and

“terminals up by carefully lifting the tape at a shallow angle
(30to 45 degrees) until the 1ape comes free with the gage and
terminal attached. (The shallow angle is important to avoid
over-stressing the gage and causing permanent resistance
changes.) Caution: Some tapes may contaminate the bond-
ing surface or react with the bonding adhesive. Use only
tapes certified for strain gage installations.

The strain gage is now prepared for positioning on the test
specimen. Position the gage/tape assembly so the triangle
alignment marks on the gage are over the layout lines on the
specimen. Holding the tape at a shallow angle, wipe the
assembly onto the spectmen surface. If the assembly is mis-
aligned, lift the tape again at a shallow angle until the assem-
blyis free of the specimen. Reposition and wipe the assembiy
again with a shallow angle.

In preparation for applying the adhesive, lift the end of the
tape opposite the solder tabs at a shallow angle until the gage
and terminal are free of the specimen. Tack the loose end of
the tape under and press to the surface so the gage lies flat
with the bonding side exposed.

The appropriate adhesive may now be applied. The proce-
dures for M-Bond 200 and M-Bond AE- 10 are described in
the two sections which follow.




4.2 Bonding with M-Bond 200

Holding the tape slightly taut and beginning from the tab
end of the gage, slowly and firmlv make a single wiping
siroke over the gage/tape_assembly_with a.clean. gauze .

M-Bond 200 Catalyst should be applied sparingly in a thin
uniform coat. Wipe the brush against the lip of the bottle
approximately ten times to remove most of the catalyst. Set
the brush down on the gage and swab the gage backing by
sliding — not brushing in the painting style -— the brush over
the entire gage surface. Move the brush to an adjacent tape
area prior to lifting from the surface. Allow the catalyst to

dry at least one minute under normal ambient laboratory -

conditions.

The next three steps must be completed in sequence within
three 10 five seconds. Read these steps before proceeding.

Lift the tucked-under tape. Hoiding the gage/tape assembly
in a fixed position, apply one or two drops of M-Bond 200
Adhesive at the junction of the tape and specimen surface,
about 1/2 in (13 mm) outside the actual gage installation
area.

Immediately rotate the tape to approximately a 30-degree
angle so that the gage is bridged over the installation area.

marks on the specimen. Release the tape.

[mmediately upon completion of the above step. discard the

. gauze and apply {irm thumb pressure to the gage and termi-

nal area. This pressure should be held for at least one minute.
Wait two minutes before the next step (tape removal).

el

The gage and terminals should now be bonded to the speci-
men. To remove the tape, pull it back directly over itself,
peeling it slowly and steadily off the surface.

™~
\, N
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4.3 Bonding with M-Bond AE-10

{This section follows 4,1 when using M-Bond AE-10 Adhe-
sive.) Mix the Resin AE with Curing Agent Type 10 per the
instructions in Instruction Bulletin B-137 supplied with the
adhesive.

Coat the specimen and back of the gage and terminal with
the prepared M-Bond AE-10 Adhesive. The mixing rod may
be used to apply a thin layer of adhesive over both surfaces.
Be careful not to pick up any unmixed components of the
adhesive. To ensure this, wipe the mixing rod clean and then
pick up a very small amount of adhesive from the central
area of the adhesive jar. After applying the adhesive, proceed
immediately to the next step.

Lift the tucked-over end of the tape and bridge over the
specimen installation area at approximately a 30-degree
angle. Beginning from the tab end of the gage and using a
clean gauze sponge, slowly and firmly make a single wiping
stroke over the gage/tape assembly to bring the gage back
down over the alignment marks on the specimen.

Place a silicone rubber pad and a back-up plate over the gage
installation. Appiy force by dead weight or spring clamp
until a pressure of 5 to 20 psi (35 to 135 kN/ M?)is attained.
Take care to ensure the pressure is equal over the entire gage
surface.

The M-Bond AE-10 Adhesive wiil develop adequate bond-
ing strength in six hours at room temperature [+75°F
(+24°C)]. The time may be reduced by increasing the
temperature of the glueline per the schedule below. Warning:
For curing temperature above +150°F (+66°C) a special
mylar tape must be used for gage handling, and a Teflon®
strip should be placed between the gage and the silicone
rubber pad.

RECOMMENDED CURE SCHEDULE

GLUELINE TEMPERATURE IN*C —
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After the adhesive is cured, remove the clamps or weights,
the silicone pads and Teflon strip (if used). To remove the
tape. pull it back directly over itself, peeling it slowly and
steadily off the surface.

®Registered trademark of DuPont.




5.0 SOLDERING TECHNIQUES

Holding the tip of a finger on the tip of the tinned wire for
safety. cut each wire with dlagona] wire cutters Ieavmg 1/8 n
(3 mm).of expOSed tmned WIre, - - —- - —-

If the strain gage is without encapsulation or preattached
lead ribbons. mask the gage grid area with drafting tape,
leaving only the tabs exposed.

After the soldering iron has reached operating temperature,
clean the tip with a gauze sponge and tin it with fresh solder.
Tin the gage tabs and terminal tabs (if used). Melt a smail
amount of solder on the tip of the soldering iron. lay the
rosin-core solder wire across the gage tab or copper terminat.
Firmly apply the iron tip for one second, then simultane-
ously lift both solder and tip. A bright, shiny, even mound of
solder should have been deposited on the tab. If not, repeat
the process. If spikes are formed rather than smooth beads. it
is a sign of inadequate flux, dwelling too long with the iron,
and/or an improper iron temperature. Feeding the cored
solder into the tab area during heat application will increase

" the amount of flux available.

For a three-conductor lead-in wire, separate the individual
leads for 3/4 in {20 mm). Strip away 1/2 in (I3 mm) of
insulation by using the soldering tip to melt the insulation on
both sides of each end of the wire 1/2 in (13 mm)} from the
ends and quickly pulling off the insulation. Warning: Do not
use a knife or other hlade to cut the insulation. When the
main leadwire is stranded and terminal strips are used, it is
often convenient to cut ail strands but one to fit the size of the
copper pad. The long strand can then be used as the jumper
wire. Soldering is made considerably easier by this method.
This is unnecessary when the leadwires are bonded directly
to the solder tabs on CEA-Series strain gages.

Tack the lead-in wires to the specimen with drafting tape so
the tinned end of the wire is spring-loaded in contact with the
solder bead. Complete the solder connection as before by
applying solder and iron tip for one second and removing
simultaneously.

Apply rosin solvent liberally to the solder joints. Drafting
tape may be removed by loosening the mastic with rosin
solvent. Remove all solvent with a gauze sponge. using a
dabbing action. Repeat.

Tape or otherwise secure the lead-in wires to the specimen to
prevent the wires from being accidentally pulled from the
tabs. A stress relief “loap™should be placed between the tape
and the solder connections.

Apply a protective coating over the entire gage and terminal
area. For most laboratery uses, M-Coat A will provide
adequate long-term protection. The coating should be con-
tinuous up to and over at least the first [/8 in (3 mm) of
leadwire insulation.

The properly installed strain gage will have a resistance to
ground of at least 10 000 to 20 000 megohms. Checking
leakage resistance with the Model 1300 Gage Installation
Tester is highly recommended.

- 23—



6.0 TWO-AND THREE-WIRE CIRCUITS

All commercial static strain indicators employ some form of
the Wheatstone bridge circuit to detect the resistance change
in the gage with strain.

When a single active gage is connected to the Wheatstone
bridge with only 1wo wires, as shown in the accompanying
schematic, both the wires wili be in series with the gage in the
same arm of the bridge circuit. One of the effects of this
arrangement is that temperature-induced resistance changes
in the leadwires are manifested as thermal output by the
strain indicator.

Active Gage

Power
Supnlx

Two-wire circuit for single active gage (quarter bridge)

The errors due to leadwire resistance changes in single-gage
installations with two-wire circuits can be minimized by
minimizing the total leadwire resistance; that is, by using
short leadwires of the largest practicabie cross-section.

Two-wire circuit for two gages (half bridge)

When two matched gages are connected as adjacent arms of
the bridge circuit (with the same length leadwires, main-
tained at the same temperature), the temperature effects
cancel since they are the same in each arm, and “like” resis-
tance changes in adjacent arms of the bridge circuit are
self-nullifying.

Leadwire effects can be virtually eliminated in single active
gage installations by use of the “three-wire™ circuit. [n this
case a third lead. representing the centerpoint connection of
the bridge circuit, is brought out to one of the gage terminals.
Resistance changes in the bridge centerpoint lead do not
affect bridge balance.

For this method of leadwire compensation to be effective,
the two leadwires in the adjacent bridge arms should be the
same length. and should be maintained at the same tempera-
ture. The three-wire circuit is the standard method of con-
nection for a single active temperature-compensated strain-
gage in a quarter-bridge arrangemeni.

P Active Gage

< <
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-
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E
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Three-wire circuit for single active gage (quarter bridge)

Contact resistance at mechanical connections within the
Wheatstone bridge circuit can lead to errors in the measure-
ment of strain. Connections should be snugly made. Follow-
ing bridge balance, a “wiggle™ test should be made on wires
leading to mechanical connections. No change in balance
should occur if good connections have been made.

If necessary, contact surfaces may be cleaned of oils with a
low residue solent such as isopropyl alcohol. If long periods
of disuse have caused contact surfaces to tarnish, cleanthem
by scraping lightly with a knife blade.
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7.0 TROUBLESHOOTING PROCEDURE

__ lattempted to install a strain gage with. M:Bond 200 Adhesive,.out the gage,unbonded.from.the.test.surface.when I-remaved-the -handling tape-——--

_ Wharshoyld i do?

M-Bond 200 Gage Installation

\

anemeiing io insial a new gage. Sea alsa the VidecTech™ Library.

when the gage talls io aghere to thae lest-par surtace. it is necessary, of course. IC reprepare ihe sunace and instali a naw gage. Setore doing 0, however, follow hrough this roublesnooting
pracedure lo isolate tne cause or causes of pong ailyre, Amang the first Seven questions. any auestion which cannot be answersd precisely ana firmly with YES has NO for 1s answer.
Irrespective of encountenng one or more NO answers, (he lroubleshocung proceduse Snould e continued via the gasned lines 10 Wdentity aodibonal installanon steps which may nol have
beéen pedormed property. In dny case. a careful review ot Mitro-Measurements insirucuon Bulletin B-{27. Svaw Gage Inscaliasons wim M-Bong 200 Achasns. is recommended bafore

‘Was calalyst applieg to the Dorang surtace of the Conlinue wouplesnooling proce-
gage. using the side of the orusn after wiping the |—no dure 1o @enity aoaional S1eps b
brush on the bp of tne botie at least ten imes? nQt properly executed.
T 1
yes ' Y
v !
1
Was adhesive applied in a Orep on the tesrpan |wip = = - - === == -
surtace. 1;2 in (13 mm} cuisice of the gage instal-
labon area as shawn in Fig. 8. Bulletin 8-1277 [=no : -]
i
] 1 Using a 1/16-in (1.5-mmy) thick aluminum spec-
yes ' imen. pracuce instaling a gage. following pre-
) cisely the instructons in Bulletins B-127 ang
' B.129. A hi ni -
Was the adhesive flowaed unCer the gage Dy wip- [Wif = === e e mm === d fter ¢ e gage Is bonded, Vnoid the spec
7 iman crosswise against a ngidly mounied
ing the gage slowly (2—3 seconas) ana hrmry;:mo . ] 37/4-in (19-mm) Giameter round par, with the
the surtace as snewn in Fig. §. Bullenn B-1277? : transverse camering af iha gnd cver the axia:
T ) centerling of the oar. Now, bend the speciman
yes ' araund the bar unul a U-shapa is formed, If
' properly installed. the gage should not disbana
o 1 except tor perhaps 1/16-in f1.5-mm; or 3¢ at
Was Ilr_m thumb pressure applied 10 e poRded W a a e = e e c wawad aitner eng, Aepeat prachce installanons. dag-
gage within one second after the gage contacted nasing eacn taulty installalion with this trou-
the surtace. and helg far at least ane minute? —no T > plasnooling procedure untl consistantly proper
T H bonding 1s achigveo.
yes |
' '
]
1
Was the tape allowed 10 remain on the gage al (W e === e e s === -
least two minutes after thumt pressure was ra- l
leased? - No - —
] no
1
VEFS . CHECK THE GAGE RESIS-
! TANCE AND THE RES!S-
Was ihe 1ape peeled directly back on ilsell as [ e e =~ —me====d Does gage TANCE TO GROUND WITH
shown in Fig. 11 aof Bulleun B-1277 - no r o~ bang tirmly Fyes--- THE MODEL 1300 STRALN
, : y 10 test part? GAGE INSTALLATION TES-
yes ' TER, AND COMPLETE THE
! INSTALLATION,
]
‘Was adhesive thin and clear whancompared i d fiff e w———cmww—=-d V
new bottfe? no
T
yes
Raciean the test-pan surtace thorcughly,
removing all traces of previous instaltation
Was adhesive used prigr 1o the expiraton date on Raplace adhasive witn tresh e~ | attempls. and producing a fresh, virgin surface
the DOMle? =0 =P hote. i of the lest-object material. Make certain that all
surface preparatien materials are clgan ard
ye[s within their recommended shelt lives. Using
e | fresh adhesive and catalyst, and following the
! directions in Bulletins B-127 and B-129 pre-
Did aghesive remamn on the bonding surface of Gage was probably contaminat ﬁ-::l;.a;:anemm the gage installanon with a
a judged from com it — : '
t;:gg?ge as judged o pansen with a new no—ﬂ od dunng sicrage of handling. [ T
1
yes
Dig aangsive remain in the gage area of the test Was gage instalied immediately Surtace may have bDeen con-
part as judged IroM comparison with a clean area f=-nNO —fme ‘ollowing surtace preparaton to [~No =] taminated after surface prepara- =i~
clibe pan? pravent racontamination at tion.
specimen?
T —
yes
yes
Surface preparaton was not adequate for proper
gage banding. »
Was the aghesive in the gage area cry, indicating |_ inadequate thumb prassyra, or lape remaoved log -
that it hac properly setup? nO={ _aon, or humidity of tamperature 10c exreme.
T
yes
|s aaghesive présant on the 1est part in the area " ;
. lj] hesive used, ar adh not W
completely surrounding the gage area. ingiGanng =N —je- Lﬁ;’:ﬁ; ;va;: [:e antir: gage amaeswe ped =i
that adhesive flowed out beneath the gage? )
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The Broadest Range Of Strain Gages
And Accessories Available

Micro-Measurements has been atrusted name in the field of Strain Gage Technology for many years. We are proud
of our woridwide reputation as a premier supplier of high-quality precision strain gages and strain gage accesso-
ries, and are fully committed to maintaining our position as the leader in this field. This short-form catalog of
Micrc-Measurements strain gages and related products is intended to provide a condensed overview of the sensors,
supplies, and tools commonly needed for typical strain gage applications.

Micro-Measurements was independently founded and operated in the early 1960's. A few years later it became a
part of Vishay Intertechnology, Inc. and, in late 1973, was incorporated with the other stress analysis divisions of
Vishay into a single entity — The Measurements Group. All divisions of the Measurements Group are now located in
our world headquarters facility near Raleigh, North Carolina. Micro-Measurements maintains an additional strain
gage production facility in Romuius, Michigan.

Customer Support Services

The common denominator in all Micro-Measurements products and services is our dedication to helping you
achieve consistently accurate and reliable strain measurements. And we've made some significant commitments to
help ensure your success:

We publish the widest range of technical
reference literature in the strain gage field —
available through the Measurements Group's
Technical Data Mailing Program.

We respond quickly to requests for “specials”
to suit individual requirements.

i‘ —
|

. J“MQ—;.’
’ .

An experienced and friendly Applications
Engineering staff is readily available by
phone or letier.

- -

We offer a variety of comprehensive technical training programs from
beginner to advanced levels in strain gage technology. The Measurements
Group regularly conducts workshops and technical seminars in our Tech-
nical Training Center in Raleigh, North Carolina and at locations through-
out the U.S. and the world.
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ur Goal

At Micro-Measurements, Your Success Is
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WMaster Strain Gage @aﬁ@H@)g

oo - Cafalog-500- —- -

This introductory catalog contains abridged strain gage listings
which are representative of the types and sizes most widely used in
stressanalysis applications. Forthose involved in extensive stress/strain
measurement programs, it is advantageous to request a copy of
Micro-Measurements Catalog 500. The gage listings in Catalog 500
include essentially all standard types and pattern configurations
manufactured by Micro-Measurements. Considering the variations
in pattern design, grid alloys, self-temperature-compensation
(S-T-C) numbers, backing materials, and optional features, there
are over 100,000 possible gage types from which to select.

Catalog 500 contains a broad range of pattern configurations and
sizes, designed to meet the many and varied test requirements
encountered throughout the field of experimental stress analysis,

A special group of strain gages — Transducer-Class® —

has been developed specifically tor transducer appli- i enmi

cations. Transducer-Class strain gages. described in : = @R |

separate Micro-Measurements literature, are a select T340 P -

group of standard and special gage patterns designed for s

optimum cost/performance ratio {in transducer service) in ] ety

high-velume production quantities. SN oy
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Reproduced below is a sample Catalog 500 listing e P | oot L L) E
for a single, representative gage pattern. The listing EWW TR
includes a tabulation of all gage series in which the . T 1]
pattern is available, as well as optional features S
applicable to each series. Complete descriptions of . M i
the gage series, options, etc. are provided in the Ew«--»-w wn I .
introductory section of Catalog 500. THean T =
: N
T e

BAL - GAGE OPTIONS AVAILABLE
T e *) DESIGNATION RES. [y oy
§ = Section (81 = Sec 1) l Apply To Gages With Optional Festures
CP = Complele Pattarn [_inches | Insert Owsired 8-T-C No. OHMS
M = Mtrix [ ralingtree | in Spaces Marked XX w E SE L LE
125AD ‘-Wmmmsﬂmimmm&hmmmmm

“copper pads (DP] when optional teature W or SE is not specified. -

R TR

EA-XX-125AD-120 120 £0.15%
q ED-DY-125AD-350 350 £0.3%

v EK-XX-125AD-350 350 £0.15%
WA-XX-125AD-120 120 +0.3%
WK-XX-125AD-350 350 £0.2%

GAGE | OVERALL| GRID | OVERALL | EP-08-125AD-120 120 +0.15%
LENGTH LENGTH WIDTH WIDTH SA-XX-125A0-120 120 +0.2%
0.125 0.230 0.125 0125 [ SK-XX-125AD-350 350 £0.3%
318 8.35 3.18 318 SD-DY-125AD-350 ' 350 £0.6%
Marrix Size  0.40L x022W  10.20 x 5.6w | WD-DY-125AD-350 350 £0.6%




Strain Gage Designation System
and Selection Chart

In selecting the most suitable strain gage for each application. consideration must be given to the variations in
pattern design, grid alloy, self-temperature-compensation (S-T-C), backing material, and optional features, The
gage designation system and standard strain gage selection chart shown on this page present a partial summary of
the many combinations of these factors available in Micro-Measurements strain gages. For brevity, this summary is
limited to those gage series and optional features listed in this catalog only. When selecting or ordering a strain gage
from this catalog, these charts will provide a key to choosing the appropriate gage for your application.

A complete, detailed designation system and selection chart are included in Catalog 500.

When test conditions are severe, or when there are unusually stringent demands on accuracy and stability,
selection of the optimum gage parameters to satisfy the test specifications can involve a number of subtle
considerations. As an aid in systematically arriving at the most appropriate gage type, given a specific measurement
task, Measurements Group Tech Note TN-505, “Strain Gage Selection Criteria, Procedures, Recommendations”,
available on request from'the Measurements Group’s Applications Engineering Department, will pravide avaluable
reference for use in conjunction with these selection criteria and charts.
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CEA-06-250UW-120

Self-Temperature-Compensation
Foil Alfoy
~ Carrier Matrix (Backing)

Active Gage Length in Mils

{thousandths of an inch}

Grid and Tab Geometry
Resistance in Ohms

P

E: Open-faced, cast pblyimide backing. A: Constan.tan alloy in self-temperature- Tne 5-T-C number is the approximate therm
. . . i icient in PPM/° r .
Fully encapsulated; glass-fiber-reinforced compensated form L ki ‘f;:f;e?;e'"gzg?'fisthf;:eus;e‘;m#;e \
Iee[.;cc)’:(W)ifr-énshennllc resin. High-endurance P:  Annealed Constantan. following Standard compensations are availanle:  *

D: Isoeiastic alloy.
K: Moedified Karma alloy.

A and K alloys: 08, 13.
P alloy: 08.
The D alloy is not availabte in self-temperature-

CE: Thin, flexible gages with a cast polyimide
backing and encapsulation featuring large,
rugged. copper-coated solder tabs. This
construction provides optimum capability

for direct leadwire attachment.

compensated torm. ‘DY’ is used instead.

R
Gage T
Serles L5
)
. . . . . Normal: -100" to +350°F (-75" to +175°C) +3% for gage lengths 108
EA giner?' gu:iﬁ‘)?:asv!:i:fbf:d dynamic stress analysis. Wide Special or Short Term: under 1/8 in (3.2 mm). 108
9a o1 op ' -320° 10 +400°F (-195° 0 +205°C) =59 for 1/8 in & over. 108
Universal generai-purpose strain gages. Constantan
ceA | 97id completely encapsutated in polyimide, with targe. | Normal: 100" to +350°F (-75° to +175°C) | =% ":'mma_';'z‘r:: +1500 108
rugged. copper-coated tabs. Primarily used for generai- | Stacked rosettes limited to +150°F (+65°C) 5% for 178 In & ' *1500 108*
purpose atatic and dynamic stress analysis, e
Excellent tor dynamic measurements. High gage factor +2% =2500 100
€D | .14 extended fatigue lfe. Dynamic: -320° 1o +400°F (-195° fo +205°C} 13::;"::;:“13‘;1" 2200 107
Stress analysis and transducer applications. Wide temper- | MNormal: -100° to +400°F (-75° to +205° C) 2000 10
WA | ature range and extrame environmental capability. High- Spacial or Short-Term: 2% =1800 108
endurance leadwires, -320° to +500°F (- 195° to +2680°C) +1500 107
Widest temperature range and most extreme environ- MNormal: -452° t.o +550°F (-269° 1.‘0 *290°C) 2400 100
WK | enal capability. High-andurance leadwires. Special or Short-Term: 11.5% *2200 I
-452° to +750%F (-269° fo +400° C) +2000 o
. . . . +10% for gage {engths +1000 104
EP Hglgn_-alganga;_locn vr:leasuremenls (post yield). Only avail -100° to +40Q°F (-75° ta +205°C} under 1/8in (3.2 mm}. | EP gages show zero shit
ablein o ue. +20% for 1/8in & gver, | under high-cyclic strains.
. . . +1.5% +3000 108
For wide-range dynamic sirain measureémants in se- - S F (_1OE% pm o . . 2 107
wo vere anvironments. High-enduranceg leadwires. Dynamic: -320° to +500°F {-185% to +266°C) :3:::::;?;;1;;“ fzggg 18.

*Fatigue life improved using low-modulus solder.
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Super Stock Gage Listings Section

--The-gages-listed-on-this"and the following page represent the most widely used types for general-purpose
experimental stress analysis. Gage lengths range from 0.015 to 0.500 in (0.4 to 13 mm) in a wide range of pattern
configurations. in addition to single-element gages in a variety of sizes and aspect ratios, the list includes two- and
three-element rosettes for use in biaxial stress fields. There are also twin-element chevron patterns for measuring
shear strain or torque. Grid resistances of 120, 350, and 1000 ohms are available.

Selection of gages from this list will generally lead to the best delivery and, in many cases, to a price advantage as
well. The “C"-feature, or CEA-Series, strain gages are normally the first choice because of the ease of installation.
These gages have rugged, copper-coated solder tabs, permitting direct leadwire attachment.

All gages in this lis are classified as Super Stock. This means that Micro-Measurements guarantees to maintain
stock for ott-the-shelf delivery of at least 10 packages of any type listed in 06 and 13 seif-temperature-compensation
numbers (except 08 S-T-C for P alloy and DY for Isoelastic). There are no Minimum Order Requirements for gages

selected undgr the above conditions.

If your application requires a gage that is not listed here, you should refer to Micro-Measurements Catalog 500,
which includes all standard, general-purpose Micro-Measurements strain gages. All gage patterns are shown at

actual size except where enlargement is necessary for geometry definition.

GAGE DESIGNATION AND PATTERN

tions, Exposedtabareais 0.06
x004in{1.5x 1.0 mm).

GAGE DESIGNATION AND PATTERN GAGE DESIGNATION AND PATTERN::
CEA-XX-015UW-120 A EA-XX-062AP-120 EA-XX-125AC-350

- » WiK-XX-062AP-350
Micro-miniature pattarn with T Widely used general-purpose
large exposed solder tabs for  » ] Compact small general- -H~ pattern with high-resistance
high-strain-gracdient applica- * . purpose pattern. Select ‘af

WK gage for wide tempera-
ture range applications.

gria. r

[).4 2X
CEA-XX-032UW-120 EA-XX-062AQ-350 EA-XX-125AD-120
N ED-DY-125AD-350
Short gage length pattern - Same size as 062AP pattern e WD-DY-125AD-350 -
with iarge exposed solder - i but with high-resistance grid H WK-XX-125AD-350
tabs for high-strain-gradient in EA Series. ‘an’
applications. Exposedtabarea ' Widely used, general-purpose pattern. Select
is0.07 x0.04in/1.8x 1.0mm}. ED- or WO-DY gages for fatigue applications;
' WK for wide temperature range static or
2X 2X dynamic measurements.
EA-XX-031DE-120 CEA-XX-082UW-120 CEA-XX-125UN-120
. CEA-XX-062UW-350 . CEA-XX-125UN-350
Miniature pattern for posi- . . * - - -
tiopning adjacent1o hign stress Small general-purpose gage Narrow general-purpose gage !
concentrations, e.g., holes, - with large exposed solder 4 * pattern. Exposed 1ab area is 1)
filiets, etc. tabs. Exposed tab area is 0.06x0Q05in(1.5x 1.1 mm).
. 007 x 004 in (1.8 x 1.0 mm). r
4x 2X

WA-XX-060WR-120 T

Small 3-element 45°rect-
angular stacked rosette.

C2x

EA-XX-082TV-350

Small 2-element 90° torque - ;
gage. iif

CEA-XX-125UW-120
CEA-XX-125UW-350

Most widely used general- J .
purpose gage in CEA Series. . R
Exposed tab area is 0.10 x
0.07inf2.5x 1.8 mm).

2X
EA-XX-082AK-120 EA-XX-062TT-120 EA-XX-12588-120
Small general-purpose pat- N Small general-purpose 30° . Narrov_v general-purpose pat-
tern with elongated solder - ‘tee’ rosette. Sections are . . tern with slongated tabs. ‘W
tabs. ThH electrically independent. i i H
X 2x
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Super Stock Gage Listings Section

GAGE DESIGNATION AND PATTERN

GAGE DESIGNATION AND PATTERN

GAGE DESIGNATION AND PATTERN

EA-XX-125BT-120

General-purpose pattern with
narrew grig anc compact
geometry.

CEA-XX-187U¥V-120
CEA-XX-187TUV-350

2-element 90° rosette for
torque and shear-strain mea-

EA-XX-2508K-10C

Very high-resistance (100011}
pattern. Reccmmended for
high bridge voltages or for

surements, Sections have a use on plastics.
common electrical connec- - . I
tion.Exposed tab area is 0.13
x0.08in{3.3x 2.0 mm).
2X
EA-XX-125BZ-350 EA-XX-250AE-350 CEA-068-W250A-120
. CEA-06-W250A-350
; ; B Large general-purpose gage.
high-resistan - .
zar;ra:vm égmpe:fge:;efx X Used when high power-dissi- Lowest-cost, most flexible
pation is required. and conformable linear
' weldable gage pattern. See
page 8 for mora deails. il
2X

EA-XX-125RA-120

General-purpase 3-element
45° rectangular rosette. Com-
pact geometry.

EA-XX-250AF-120

Large general-purpose gage.
Used when high power-gissi-
pation is reguired.

CEA-XX-250UR-120
CEA-XX-250UR-350

Large J-element 45° single-

. plane rosetts. Exposed tab
area is 0.13 x 0.08 in A

(3.3 x2.0mm).

CEA-XX-125UR-120
CEA-XX-125UR-350

General-purpose 45°single-
plane rosette. Compact geo-
metry. Exposed tab area is
0.08 x0.06 in (2.0 x 1.5 mm).

EA-XX-250BG-120
EP-08-2508G-120

WA-XX-2508G-120
WK-XX-2508G-350

Widely used general-pur-
pose pattern. EP Series cap-
able ot elongation > 20%.

EA-XX-500BH-120

Long general-purpose gage
in a compact geometry,

EA-XX-125TM-120

General-purpose 2-alement
: 30%'tee’ rosette. Sections are
electrically independent.

EA-XX-2508F-350

General-purposa pattern with
high-resistance grid. Com-"
pact geometry. Similarto 250BG
pattern except for resistance.

CEA-XX-500UW-120

Widely used long gage pat-
tern. Exposed tab areais 0.10
x007Tinf25x1.8mm).

CEA-XX-125UT-120
CEA-XX-125UT-350

2-element 90° ‘'tea’ rosette
for general-purpose use.
Exposed tab area is 0.10 x
0.07inf25x 1.8 mm).

CEA-XX-250UN-120
CEA-XX-250UN-350
MNarrgw general-purposs
gage pattern. Exposed tab
area is (.08 x 0.05 in
{2.0x 1.1 mm).

EA-XX-125TK-350

High-resistance 2-elament
90° gage for torque appii-
cations.

CEA-XX-250UW-120
CEA-XX-250UW-350

Larger grid and tab than
250UN pattern. Exposad tab
araais0.10x0.07in(2.5x 1.8
mm).
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Speclal Purpose Gages, Sensors, and Equlpment

Inaddition to providing the stress analyst with a vast selection of standard strain gage types, Micro-Measurements
offers a variety of products designed to meet special needs and perform special functions in experimental stress
analysis. Although space in this introductory catalog permits neither a fuil listing of these products, nor complete
descriptions, a few types of special sensors are briefly noted.

Full information on any of these products, along with detailed technical specifications, can be obtained by
requesting Catalog 500, or by contacting the Measurements Group’s Applications Engineering Department.

Temperature SenSors

TG Temperature Sensors, with a grid of ultra-pure nickel foil, are recommended for general-
purpose temperature measurement from -320° to +500°F (-195° to +260° C). For application at
extremely low temperatures, two alloys — nickel and manganin — are combined to produce the
CLTS-2B (cryogenic linear temperature sensor). The duplex construction of this sensor results in
an essentially linear change of overall resistance with temperature, from -452° to +100°F (-269° to
+40°C}).

Reusable LST matching networks are available for hali-bridge connection of temperature sensors
to strain indicators. With these accessories, the strain indicator registers temperature directly, ata
scate factor of 10 or 100 microstrain per °F or °C,

Crack Detection Crack Propagation

CO-Series Crack Detection Gages are designed to pro-

vide a convenient, economical method of indi-
cating the presence of a crack, or indicating when a ¢crack
has progressed to a predetermined location on a test part
or structure. By employing several CD gages, il is also
possible to monitor the rate of crack growth,

Crack detection gages are available with various strand
lengths; from 0.4 to 2.0in {10 to 50 mm).

Crack Propagation Gages accurately indicate rate of
crack propagationin a specimen matearial over a very small
distance. These sensors are often used adjacent to
notches, fillets, or other types of discontinuities in structures.
Several sizes and geometries are availabie.

Strain Gages for

Residual Stress Determination

The most widely used practical technique for measuring residual stresses is
the hole-drilling strain gage method described in ASTM Standard E837. With
this method, a specially configured electrical resistance strain gage rosette is

-
%3 fikn

EA Series CEA Serles

TEA Series

approximately 2X actual size

bonded to the surface of the test object, and a smail, shallow hole is introduced through the center of the gage, u_sing a
precision drilling apparatus such as the Measurements Group's RS-200 Milling Guide. After drilling, the strain in the
immediate vicinity of the hole is measured, and the relaxed residual stresses are computed from these measurements.

For turther details, request Bullatin 304.
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Weldable Strain Gages and Temperature Sensors

Weldable gages are precision foil sensors bonded to a metal
carrier for spot welding to structures and components. These
sensors are easy to instail and require minimal surface
preparation. Instailation is accomplished without adhesives,
eliminating heat curing problems on massive structures. They
are also well suited to laboratory test programs requiring
elevated-temperature testing and minimal installation time.

CEA-Serigs Weldable Strain Gage: Con-
stantan alloy sensing grid completely encap-
sulated in polyimige. Very flexible. In most
cases can be contoured to radii as small as
1/2 in (13 mm). Rugged. copper-coated
tabs for convenient leadwire attachment.

W250A

LWK-Serigs Weldabie Strain Gage: Madi-
fied Karma (K-alloy) sensing grid completely
encapsulated in afibergiass-reinforced epoxy-

SPECIFICATIONS L phenolic matrix. Integral three-wire lead
T system consists of 10 in (250 mm) flexible
. etched Teflon®-insulated leadwires. Instal-
lation radius generally limited to 2 in (50 mm)
Sensor St;l}d'::rd RI;‘?‘I nee Fom T.mnm or farger in the direction of the grid axis.
120 + 0.4% -100° to +200°F wases
CEA 08.09 | 350 0.4% 20 (~75° to +95°C)
WWT-Series Weldabie Temperatura Sensor:
. -320° to +500°F High-purity nickel sensing grid completely
LWK 06,09 350 + 0.4% 21 {-185° to +260°C) encapsulated in a fibergiass-reinforced
epoxy-phenolic matrix. Integral three-1ab
printed circuit terminais for convenientiead-
50 = 0.4% @ -320° to +500°F wire attachment,
wwT NA sk e2eec) | N2 | (-1960 10 4260°C) W2008

®Registered Trademark of DuPont

Model 700 Portable Strain Gage
Welding and Soldering Unit

The Model 700 is a completely portable, capacitance-
discharge spot welder, designed for efficient installation of
weldable strain gages and temperature sensors. Supplied
in a rugged, gasketed case, the battery-powered unit can be
used under field conditions where no power lines are available.

A temperé‘ture-controlled soldering pencil, operated from the
main battery supply, is an integral part of the Model 700. The
lightweight pencil can be adjusted to a wide range of tip temper-
atures for both gage soldering and leadwire splicing. .

For further details, request Bulletin 302.

Bondable Resistors

Micro-Measurements manufactures a variety of fixed, adjustable,
and-combination bondable resistors for use in many applications
where precise resistance is required. Appropriate patterns are
available in both low and high temperature-coefticient-of-
resistance types. Widest use is in transducer bridge circuits to compensate for small temperature-induced errors and to
adjust bridge balance.

Various alloys, sizes, and patterns are available, allowing selection of the optimum resistor for specmc applications.
Resistors are normally produced open-faced on a polyimide carrier. The recommended temperature range is from 0° to
+300°F {-20° to +175°C). For further details, request Transducer-Class Catalog TC-116.
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Micro-Measurements

-—— - - -StrainGage Accessories—

Micro-Measurements strain gages are produced under rigidly controlled manufacturing conditions, with the
utmost care and attention given to ensuring the high level of quality and precision tor which these gages have.
gained worlid-wide recognition. However, the gages’ full potential for accurate strain measurement can be realized
only when they are properly installed. There are, in fact, three principal components in every strain gage installa-
tion: (1) the strain gage itself, (2) the tools, materials, and supplies {accessories) needed to install the gage, and (3)

_thetechnigues employed in performing the installation. Professional stress analysts have learned from experience
that compromising any of these may lead to compromising the quality of the installation and the accuracy of the
strain data.

The weli-established formula for making consistently successful strain gage installations is quite simple;
e select high-quality precision strain gages.

¢ select professional-caliber accesscries which have been labaratory-tested and field-proven for
effectiveness and compatibility with the strain gages. -

¢ follow the installation procedures recommended by the manufacturer of the gages and accessories.

Featured on the following two pages is a small sample of Micro-Measurements M-LINE strain gage installation
accessories. As indicated, the appropriate materials, supplies, and tools are provided far each important step in the
gage installation process — from preparing the surface of the test piece to applying a protective coating over the
bonded and wired gage. All accessory items, whether manufactured directly by Micro-Measurements or specified
for purchase from an outside supplier, are of the highest quality, and have
been designed or selected specifically to help ensure successful installa-
tion of Micro-Measurements strain gages.

Regular users of strain gages will want to request a copy of Catalog
A-110. This 40-page, fully illustrated catalog describes the complete line
of gage instailation accessories and related equipment. In addition to
detailed product descriptions and specifications, it includes, where
applicable, extensive recommendations for the appropriate selection and
application of the accessories.

Catalog A-110 is available on request from our Applications Engineering
Department.
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strain Gage Installations . . .

f

o ! _.rﬂ

Itis often of greatest conven-
ience for the strain gage user
to purchase ail of the needed
accessory supplies and ma-
terials in a single package.

GAK-2 Series Kits provide
specific selections of M-L/NE
accessories for making basic
strain gage installations with
the M-Bond 200, AE-10/15,
or 610 adhesives.

The ultimate in gage installation
capability is provided by the
MAK-1, Master Strain Gage Appli-
cation Kit. The MAK-1includesall
of the supplies and special tools
necessary for making a wide range
of gage installations for both
laboratory and field applications.

Because technique ek : e ey
is such an important - —“Q”f""'}' - Ly
ingredient in success- e —

A ! LoLes - . . )
ful strain gage instalia- - - T -
tion, detailed instruction *  g=-—mj = TPy 0
Bulleting have been pre- LEey

pared for virtually all
Micro-Measurements strain *
gage installation products. *

In addition, a library of

Tech Notes and Tech Tips is
available for reference on a broad
range of subjects within Strain Gage
Technology.

Tech Tips present practical strain gage application techniques for
“out-of-the-ordinary” situations, and represent, as much as possi-
ble, a practical "how-to" approach to strain gage installation.

Tech Notes contain in-depth technical treatments of specifip sub-
jects having direct or indirect bearing on the successful application
of stress/strain measurement technology.

— Lab Tested — Field-Proven
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Ordering Information

The Measurements Group Order Service Department can
provide immediate stock and delivery information. Most
products are available for same-day shipment or can be
produced on shortdelivery cycles. Measurements Group,
Inc. maintains regional sales representatives throughout
the world to further assist you, For additional information
on any of our product lines, contact us or our representa-
tive serving your area.

Quantity discounts are available on strain gages and spe-
cial sensors. All other items are sold on a net basis only.
All prices are subject to change without notice.

Micro-Measurements Warranty Policy

The Micro-Measurements Division of Maasurasments Group, Inc., warrants that the products sold under its name, are fit for the purpose for which they
were intended by the supplier and guarantees said items against defects in workmanship or material for a period of ninety (90) days, or otherwise
specified limits, from date of dalivery. Every reported case of non-standard material is thoroughly investigated by our Quality Assurance Department.
1t should be recognized that thera is no method to 100% test our type of products since many tests would be destructive, Both Micro-Measurements
and the purchasers must depend upon statistical sampling techniques that have in the past proved io ba reliabie and economical in respect to the cost
of the product.

This warranty is In lleu of any other wastenties, expressed or implled, Inctuding sny tmplied warranties of merchantabiiity or fithess tor a particular
purposs. There are no warranties which extend beyond the description on the tace hereol. Purchaser acinowledges that st goods purchased from
‘Measurements Group are purchased as Is, and buyer sintes that no salesman, sgent, empioyes or other person has made any such representations or
warranties or otherwise assumed for Measuraments Group any liability in connection with the asie of any gooda 10 the Purcheser. Buyer hereby
waives all rights buyer may have arising out of any breach of contract or brsach of warranty on the pari of Measurements Group, 1o any incidental or
consequential damages, including but not limited to damages to property, damages for mjury 10 the person, damages for ioss of uses, loss of tine, loss
of profits or incomae, or loss resulting from personal injury.

Some states do not allow the exclusion or limitation of incidental or consequential damages for consumer products, 3o the above limitations or
exclusions may not apply to you.

The Purchaser agrees that the Purchasar is responsible 1or notifying any subseqyuent buyer of goods manufactured by Measurements Group of the
warranty provisions, fimitations, exclusions and disclaimers stated herein prior to the time any such goods are purchased by such buyers, and the
Purchaser hereby agrees to indemnify and hold Measurement Group harmiess from any claim assertad against or liability impesed on Measuremaents
Group occasioned by the failure of the Purchaser to so notify such buyer. This provision is not intended to affort subsequent purchassrs any
warranties or rights not axpressly granted to such subsequent purchasars under the law.

The Measurements Group is solely a manyufacturer and assumes no responsibility of any form for the accuracy or adequacy of any test results, data, or
conclusions which may resuit from the use of ita equipment.

The manner in which the squipment is empioyed and the use 10 which the data and test results may be put are completely in the hands of the
purchaser. Measurements Group, tnc. shall in no way be liable for damages consequential or incidental to defacts in any ot its products.

LIMITATION OF REMEDY: In the event any discrepancy is found 1o be Micro-Megaurements’ responsibility, the buyer's sole and exclusive remady
will be the replacement of, ar tull credit for the discrepant product.

We will provide immediate assistanca to the best of our abiiity in locating and igentifying the source of any difficuities involving our product.

MEASUREMENTS MEASUREMENTS GROUP, INC.
GROUP VISHAY : P.O. Box 27777
/ Raleigh, NC 27611, USA

(919) 365-3800
Telex 802-502 ®FAX (919) 365-3945
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INSTRUMENTATION

The Instruments Division of Measurements
Group, Inc. offers a wide selection of reliable,
precision strain gage instrumentation for stress
analysis, structural, and materials testing.

~ This short-fofm catalog will introduce you to our

instruments, and assist you in selecting those
most appropriate for your measurement needs.
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ISPLAY \TION BRIDGE INPUT —— MULTL. —
OPERATION EXCITATION POWER MGDEL NO. CHANNEL REMARKS

N =g  Battery. - : : ] . Portabie,
20 Vde . (AC Optional) - P-3500 p— Manual =1 o059 A racy

J DC Step . : . Wide-Range, High-
1.0-15.0v Tt o s . N Strain Indicator
Digitat -
— !

Computer-Based
' Autorcatic Softwara/Hacdware

*Switch and balance units are used to read sequentially the outputs of two or more strain gages on a single indicator. -
See Special-Purpose Instrumentation oa back cover.
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Static signals are essentially constant,
while quasi-static signals vary slowly,
typically at a few cycles per minute (e.g.,
0.1 Hz). Basic instrumentation require-
ments call for stability, accuracy and
high resoiution, particularly where
measurements are to be taken over

long periods of time.

If test conditions involve predominantly static or quasi-static measurements, the first choice for
a measuring instrument will ideally incorporate a digital or analog display, direct or nuli-balance
reading, and, depending on the degree of sophistication, output to a printer, microprocessor or
computer. Muiti-channei capability can be provided by manual or automatic switching/multiplex-
ing units, which may include balance and/or span control facilities.

Many static strain measuring instruments have an anaiog output available for making single-
channel dynamic measurements in conjunction with, for example, an oscilloscope, recorder,
or peak-read indicatar. However, this dynamic capability may have limitations with respect to
frequency response and amplifier gain compared to an instrument designed specifically for
dynamic measurements.




3800

The 3800 is a high-precision, laboratory-
type digital display strain indicator. it fea-
tures extremely wide-range gage factor,
balance, and bridge excitation controls.
The wide-range feature enables measure-
ment resolution of 0.1ue. The 3800 can
also be used as a high-performance trans-
ducer indicator. Request Bulletin 249,

P-3500 | «

The P-3500 is a portable, battery-powered '
precision instrument featuring a 4-1/2 digit

LCD readout {(optional LED available).

Color-coded push-button controls provide

an easy-to-follow, logical sequence of

setup and operational steps. A transducer

input connector facilitates connection of

strain gage based transducers. Request

Bulletin 245.

The 2100, 2200, 2300, and

2400 Systems accept low-level
signals, and condition and amplify
them into high-level outputs suit-
able for multiple-channel simuita-
neous dynamic recording. These
systems can be used in conjunction
with various recording devices.-

2100 The 2100 is an economicat system with a
central power supply, and two active channels
per unit module. Request Bulletin 250.

oy, - A=

R Y Yead Yol -

2883!821

l
!‘!’ !" QQ;!" ?"' oo

—r"= o K el L

i

T

2200

The 2200 System offers high performance in the
most severe operating environments. Among its
features are isolated constant-voltage/constant-
current excitation, guarded input structure with
1350V common-mode capability, automatic
wide-range bridge balance, and four-pole Bessel
low-pass fiiter. The plug-in amplifiers are

removable from the rack mount without having

to disconnect the input wiring. Request Bulletin 252,



SYSTEM 40090

Featuring an extensive, preprogrammed software package, System 4000 is a state-of-the-art
computer-based data system for stress analysis and structural materials testing. The most signif-
icant feature of System 4000 is its unique 4216 Executive Unit, including the system's compre- -
hensive operating software which addresses virtually every variabie that must be considered in -
stress analysis testing — from initial data entry, to data acquisition and conditioning, to on-line
and off-line presentation of results. System 4089 will accept inputs from strain gages, thermo-
couples, LVDT's, load cells, and other transducers. Simple to operate, System 400@ provides
maximum stress analysis testing capability with minimum investment. Request Bulletin 235.

2300

The 2300 is a sophisticated system
incorporating such advanced features
as an individual power supply per
channel, active filtering, three simul-
taneous outputs, tape playback mode,
wide frequency response, and elec-
tronic bridge balance.

Request Bulletin 251.

2400

The 2400 System is an expandable
strain gage signal conditioning/
amplitier system which allows the
user to configure individual signal
conditioners from any host com-
puter with IEEE-488 or RS-232
capability. Programmed functions
include amplifier gain. zxcitation,
filter selection, and auto-balancing.
Request Bullstin 253.



SPECIAL-PURPOSE INSTRUMENTATION

The SB-10 is a high-guality,
10-channel switch and balance
unit for use with strain indi-
cators. It features gold-plated
binding posts for reliable
connection of input circuits,
and incorporates fine-balance
control with turns-counting
dials for each individual
channel. Request Bulletin 247,

The 3650 Peak-Read Indicator
is a portable, battery-powered
instrument for capturing peak
values of dynamic signals. The
instrument is designed to be
used in conjunction with any
static strain gage indicator,
transducer indicator, or signal
conditioning system. The 3650
features dual LCD readouts for
simultaneously displaying the
most positive and most
negative readings, and easy-to-
use color-coded push-button
controis. Request Bulletin 246.

1550A

A true Wheatstone-bridge
simuiator, the 1550A Strain
Indicator Calibrator presents
known and repeatable
resistance changes to the input
of the indicator. Three decades
of push buttons are used to
produce incremental resistance
changes. The 1550A is NIST-
traceabie. Request Bulletin 313,

The 1300 Gage Installation
Tester is used to verify the
quality of an installed strain
gage, as well as the complete
gage installation, including
leadwires. A carefully selected
individualized test voltage is
used for each measurement
mode. Operation is by push
buttons. Request Builetin 301,

1601 LVDT ADAPTER MODULE V/E-40
The 1601 Adapter Module This decade resistor/strain
provides an interface and direct ' gage simulator can be used as
a resistance standard, decade

box, instrumentation calibrator,
strain simulator, or investi-

‘ gative tool. it is also useful in
measurement of arbitrary
resistances and large strains.
Request Builetin 316.

transducers.

‘ compatibility between the
y. strain indicator and a wide
p variety of LVDT displacement
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RECOMMENDED REFERENCE LITERATURE

The Strain Gage Primer, by C.C. Perry and H.R. Lissner.

Explains the use of bonded wire and foil resistance strain gages for solving problems in experimental stress analysis.
Covers all phases, from selecting the proper gage through interpreting readings in terms of significant stresses.

Strain Gauge Technology, edited by A.L. Window and G.S. Holister.

Thorough, practical review of contemporary strain gage technology. Includes a chapter on gage use in hostile
environments, and one on errors and uncertainties in strain measurements.

Handbook on Experimental Mechanics, edited by A.S. Kobayashi.

Twenty-one chapters contributed by twenty-five prominent authors cover well-known traditional disciplines as well as
new experimental techniques. Extensive lists of references are provided.

Experimental Stress Analysis, by . W, Dally and W.F. Riley,

Prepared to serve as a teaching text for courses in experimental stress analysis. Topics covered include elementary
elasticity, brittle coatings, photoelasticity, strain gages, and refated instrumentation.

Formulas for Stress and Sirain, by R.J: Roark and W.C. Young.

A comprehensive summary of the formulas, facts, and principles pertaining to the strength of materials, for the design
engineer and stress analyst.

Experimental Stress Analvsis and Motion Measurement, by R.C. Dove and P.H. Adams.

A thorough discussion of stress analysis and strain measurement, with proper attention to new experimental methods
including moire fringes and semiconductor gages. Part two covers techniques and instruments used for measuring and
analyzing displacements, velocities, and accelerations. :

Stress Concentration Factors, by R.E. Peterson,

The most complete and authoritative compilation of stress concentration factors available in the published literature.
Data are included for most commoniy encountered geometric configurations and design details. :

A broader selection of Experimental Stress Analysis related literature is available from:

Society for Experimental Mechanics
7 School Street

Bethel, Connecticut 06801
Telephone (203) 790-6373
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Equipment

The RS-200 Milling Guide is a precision fixture for
the accurate positioning and drilling of a hole through
the center of the strain gage rosette. Principal features
and components of the milling guide assembly are
shown in the photos below. When installed on the
warkpiece, the guide is supported by three leveling
screws which are footed with swivel mounting pads to
facilitate attachment to uneven surfaces.

Alignment of the milling guide relative to the strain
gage rosette is accomplished by inserting a special-
purpose microscrope into the guide’s centering jour-
nal, and then positioning the guide precisely over the
center of the rosette by means of four X-Y adjusting
screws. The microscope assembly, consisting of apol-
ished steel housing with eyepiece, reticle, and objec-
tive lens, permits alignment to within 0.0015 in (0,038

mm) of the gage center. The microscopeisalsousedto -

measure the diameter of the hole after it is drilled. An
illuminator attaches to the base of the guide to aid in
the optical alignment procedure.

After alignment is achieved, the microscope is
removed from the guide, and the milling bar inserted in
its place for slow-~speed drilling of the hole. Two stan-
dard milling cutters are supplied: 0.062 and 0.125 in
(1.6 and 3.2 mm) diameter. The milling bar is equipped
with a universal joint for flexible connection to a drill
motor.

Conventional siow-speed milling may be satisfac-
tory on some mild steels and atuminum alloys. But
high-speed drilling is generally the most convenient
and practical method for introducing the hole in all test
materials. (When residual stresses are to be measured
on materials such as stainless steels, nickel-based
alloys, etc., ultra-high-speed drilling techniques are
preferred.) For this purpose, a high-speed air-turbine
assembly is supplied for use with the milling guide,
along with a supply of tungsten carbide-tipped cutters
[ten each 0.031 in {0.8 mm) diameter and 0.062 in

{1.6 mm)diameter]. A foot pedal control is included for
operating the air turbine.

Also partof the milling guide assembly is a microme-
ter depth set attachment, This device is used for incre-
mental drilling in those cases when information on the
variation of residual-stress-with-depth is considered
essential.

Other items s(upplied include a plastic template for
the properiocation of the milling guide foot pads on the
test part and a special break-off tool which is used to
remove the foot pads from the part after the test is
completed. All components are housed in a sturdy car-
rying case, The guide is approximately 9 in {230 mm)
high, and 4.5 in {114 mm) wide at the base.

A tast-setting-cement kit, used to firmly attach the
guide to the test part, is available as an accessory item.

-

High-Speed.
‘Drllling .\




Residual Stress

A—Measurement Procedure

Making residual stress measurements with the
RS-200 Milling Guide consists of the following steps:

1. A special three-element
Micro-Measurements
strain gage rosette
is bonded to the
test part at points
where residual
stresses are to
be determined.

2. Each rosette grid
element is connected
"to a strain measuring
instrument and “zero”
readings are recorded.

3. The RS-200 Milling
Guide is positioned
over the center of
the gage and
securely
attached to . caw
the test part. ,sgi?/’

4. The RS-200 is
optically aligned so that its drilling axis is precisely
positioned over the target at the center of the
strain gage rosette.

5. A hole is drilled through the center of the rosette
and into the test part.

6. Strain gage instrumentation is used to obtain
strain readings.

Accessories and

7. Residual stresses arz then ecmputed, elther
manually or by using the Measurements Group’s
RESTRESS software program. RESTRESS is
available on either 5-1/4 in cr 3-1/2 in disks
for use with most MS-DOS PC-compatible
computers. RESTRESS provides data reduction
in accordance with ASTM Standard Method E837,
as well as approximate determination of residual
stress variation with depth. (Retfer to TN-503).

3

VA ik
HE

Model P-3500 Strain
Indicator for Manual
Data Acquisition

4 STATNCESS STEEL MELDMENTS LEST %

Typical Cutputs from
RESTRESS Software

Replacement Parts for the RS-200

Listed below are accessory items and replacement
parts for the RS-200 Milling Guide.

Double-Ended Boring Mills

Although boring mills are supplied as standard
equipment with the basic guide, replacement will be
necessary after prolonged usage. These mills, of high-
speed steel, are available in two sizes:
HS-200-125, 0.125 in {3.2 mm) diameter.
HS-200-062, 0.062 in (1.6 mm) diameter.

Cutters For High-Speed Air Turbine
Cutters are inverted-cone, carbide-tipped:

ATC-200-062, 0.062 in (1.6 mm) diameter.

ATC-200-031, 0.031 in (0.8 mm) diameter.

Type RM-1 Motor for ngh Speed Alr Turbine

Cement Kit

A fast-setting {15 minutes) two- component resinous-
type dental cement especially suited for firmly at-
taching the milling guide to the test part. Standard
packaging is approximately two ounces. One package
is sufficient for ten guide mountings.
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Special Rosette Strain Gages

All gages are constructed of self-temperature- CEA Series: Incorporates all the advantages of Micro-

compensated constantan foil, mounted on a flexible
polyimide carrier. Since their application is generally
associated with a precision alignment milling guide,
each incorporates a centering target. The unique fea-
tures of each construction are:

EA Series: Normally supplied "open-faced”, but also
available with solder dots and encapsu-
lation {Option SE).

TEA Series: Fully encapsulated with easily accessible
copper terminals to facilitate installation.

Measurements’ popular ‘C' Feature gages.
Pattern is.specifically designed for appli-
cations where itis impractical touse RE or
RK configurations (i.e., adjacent to weld-
ments, corners, and intersecting surfaces).
Care must be exercised when using this
pattern, however, as limitations may exist
in data reduction equations. .

Refer to Micro-Measurements Catalog A-110 for de-
tailed information concerning strain gage installation
accessories. Refer to Catalog 500 for detailed informa-

tion about rosette specifications.

nehes

mitiimelires
¢ Gf TYPICAL HOLE DIA. | ™ * - >MATRIX :&5-5
cT&k“r‘nE Min. Max. Length Width
EA-XX-031RE-120 120 £0.2% 0.101 0.03 - 0.04 0.29 0.29
EA-XX-031RE-120/0Option SE 120 £0.4% © 256 0.8 10 - 74 S 74

Due to small pattern size, measurement error can be magni-
%% fied by slight mislocation of drill hole. Paltern not recom-
mended for general-purpose applications.

0.06 0.08 0.42 0.42

EA-XX-062RE-120 120 4£0.2% | 0.062 0.202
EA-XX-062RE-120/Option SE 120£0.4% | "157. |~ .5.13 1.5 . 20 10.7 107
"& Most widely used RE pattern for general-purpose residual

stress measurement applications.

EA-XX-125RE-120 120 +6.2% [ 0.125

0.404

0.12 0.16 0.78 0.78

EA-XX-125RE-120/Opticn SE 120 £0.4% [ 3,18 % |~ 10.26

3.0 C 41 198 1.719.847

4.')

5 & ' Larger version of the 062RE pattern.

TEA-XX-062RK-120 120 +0.4% 0.062

0.202

0.06 0.08 0.60 0.60

.57

" 5,13

1.5 +} ¢ 20+{ 1582 |'+1682™"

Fully encapsulated, with copper terminals for ease of solder-
ing. Same pattern geometry as 062RE pattern.

__._,._-u—-——"-'l 3{ 1 G'mw'jo

CEA-XX-062UM-120 120 £0.4% | 0.062 0.202 0.06 0.08 0.38 0.48
ST 5518 | s TR0 8 9.6 12,2
;{% Fully encapsulated with large copper-coated soldering tabs
1 .

_ﬁﬂdspecia%trim alignment marks, Trim line spaced 0.068 in

om hole center.
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STRAIN
INDICATOR '
CALIBRATOR

A Iaboratory standard for verilying the callbration of strain and transducer indicators.

True Wheatstone Bridge Clrcuitry

Simulates Quarter, Hall & Full Bridge — both 1200)/3501) o
3 Decades of Push Buttons i
e Strain Range Direct Reading: 99 900uc. . . increments of 100..€
. Tral‘asducer Range: £49.95 mV/V. .. Increments of 0.05 mV/V

Reveising Switch for Plus and Minus Calibration

High Precision Vishay Resistors used throughout to ensure Excellent Stability '
Accuracy 0.025 Percent — Traceable to the U.S. National Institute of Standards and Technology‘/

f woE o T ‘ i3 :

MEASUREMENTS GROUP, INC.
P.O. Box 27777

Raleigh, North Carolina 27611, USA

: (919) 365-3800

©Copyright Measurements Group, Inc., 1984
All Rights Reserved,

—
MEASUREMENTS




DESCRIPTION

Sound engineering and laboratory practices require that the
instrumentation used 1o make critical strain measurements be
periodically calibrated 1o verify that il is within the manufac-
lurer's original specifications. Additionally, each type ol sirain
indicator exhibits some degree of nonlinearity, especiaily for
large strains during quarter-bridge operation. Since this is the
most commaon stress analysis application of strain gages, it is
important that the strain indicator be calibrated in this mode.
Instrumeniation span should also be checked at a number of
points before each important test to avoid inaccurate data.

The Model 1550A calibrator is a Wheatstone bridge and
generales a true change of resistance in one or two arms of the
bridge. It simulates the actual behavior of a strain gage in both
positive and negative strain. *

Calibration verification of a P-3500 Portable Strain
brators provides a substantially lower cost instrument design, Indicator defore an important test.

The 'star network’ used in certain other commercial cali-

because component specifications are less critical, and fewer
components are required.

However, the ‘star nelwork’ cannot simulate quarter-bridge Shunt
strain gage behavior, and cannot simulate positive strain,
Another serious problem with this circuit is that the bridge input
and oulput resistances change in an abnormal manner, leading
to inaccuracies in calibration under some conditions.

A calibralor based on the Whealstone bridge principle Variable
requires stable components. A lotal of 66 ullra-stable Vishay Resistances
precision resistors are used in the Mode! 1550A calibrator to Shunt
provide the stability, repeatability, accuracy and incremental
sleps required ir. a laboratory standards instrument. WHEATSTONE BRIDGE 'STAR NETWORK'

N

SPECIFICATIONS

Accun.y: 0.025% of setting £11¢€ (0.0005 mV/V), max, Output @ 000: 50p€ (0.025 mv/V), max. In full-bridge moda.
Trace:ahle mé—'"";d States "1_’“9“" Environment: Temperature: 0* to +120°F (-18° 1o +49°C}.
Institute of Standards and Technology. H ity: t n densi
Rapestabiity: +144€ (0.0005 mV/V), max. i umidity: Up to 70% AH, non-condensing.
 owak . Size: Aluminum case {separable lid}.
Stab ity {0.001% of setting +1u0€)/°C, max, 5-3/4 M x 8-1/4 W x 7-3/4 D in
- Thermal EMF: 0.5 VvV of axcliation, max. {145 x 210 x 195 mm).
Bridge Resistances; 12041 and 35000 Weight: 4.8 1bs (2.2 kg).
Input resistance: +0,05%, max., from nominal at ail .
output seitings.
Output resistance: £0.05%, max,, from nominal at
"000" e, ~0.25% ot 89 900 le. O T T
Circuit: True 4R In two adjacent arms (opposite signs), === »
plus two fixed arma for bridge completion. [ | - Sl 5
Simulation: Guarter bridge, one active arm. | 3N [Ead
Half bridge, ane or two aclive arms, [ oy [ 0
Full bridge, two active arms. N il Il
Range: . Two active arma. T R
0 to 199 800u:€ In steps of 100ue @ GF=2.00. -l e ..
010 £48.85 mV/V in staps of 0.05 mV/V. 1
One e arm; . N r—
0 to £49 950pu¢ in steps of S0jze @ GF=2.00, : = : (=3
Excitation: To meet accuracy and repeatabllity specifications: = Q-L .
1200 O-10V ac ordc. Cans]
3500: 0-15V ac or de. LY =t
M:;:" 'gsp: LT'::':':: A Certiticate of Calibration is provided
380 30V ac or do. with each Model 1550A Calibrator.

I T R S A LK)

MEASUREMENTS GROUP, INC.

P.O. Box 27777, Raleigh, N.C. 27611, USA 0115147
(919) 365-3800 « FAX (€19) 365-3945 » Telex 8§02-502 Printed in US4
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STRAIN
GAGE
SIMULATOR

A precision decade resistor for accuralely simulating the behavior of strain gages and RTD's.

5 Decade Selector Switches

Resistance Range: 30.00 to 1111.10Q in 0.01() steps

‘High Precision Vishay Resistors used throughout to ensure Excellent Stability
Accuracy 0.02% of Setling

Simulates Tension and Compression Strain for most widely used Strain Gage
Resistarce Values

¢ Simulates a Broad Range of RTD’s for Instrumentation Set Up and Calibration

i

MEASUREMENTS GROUP, INC.
P.O. Box 27777

Raleigh, North Carolina 27611, USA
(919) 365-3800

©Copyright Measurements Group, Inc., 1992
All Rights Reserved.




DESCRIPTION

The V/E-40 Strain Gage Simulatoris an accurate,
stable, compact, five-decade resistor specially
designed to simulate the behavior of strain gages
and RTD's, and for use in a broad range of mea-
surement and calibration applications.

" As a precision strain gage simulator, the V/E-40 .
can be used to measure nonlinearity of the
instrumentation in quarter-bridge operation, orto
verify instrument callbration over the anticipated
measurement range. It is also well-suited to
measuring desensitization of the strain gage cir-
cuit due to the finite resistance of the strain gage
leadwire system.

In a similar manner, the V/E-40 can be temporar-

i
O

ily substituted foran RTD over aresistance range =3
of 30.00 to 1111.10 ohms to verify calibration of g5 O
temperature measurement instrumentation. ga -0 V/E-40
2= 0 ‘_LO
Z0 D120
The V/E-40 can aleo be used in conjunction witha Eg 03508 L 8 0000 ]
conventional Wheatstone bridge strain indicator i gD O

to measure arbitrary resistances between 30.00
and 1111.10 ohms, or to eliminate Wheatstone V/E-40 used for large strain measurement
bridge nonlinearity effects when measuring high
post-yield strains In quarter-bridge operation. In
this mode, the resistance or strain gage to be
measured is connected as one arm of a Wheat-

STRAIN

stone bridge, 1'.e V/E-40 is used as a decade resis- mmc”gi R
tor in an adjacent arm, and the strain measuring ACTIVE —/V\N\"—I v/E-40
instrument as a null detector. - : O

O ﬂg 0000

Other app.izations include use as an investigative
tool to troubleshoot faulty strain gage installa- -
tions, or as a precision decade resistor. V/E-40 used to measure arbitrary
resistance value, R.

SPECIFICATIONS

Accuracy: 0.02% of reading. Environment: 0° to +120°F (-18° to +49°C),
up to 70% relative humidity,

Maximum To meel accuracy and repeat- °
non-condensing.

Current: ab.lity specifications: 1200): 65 mA,;
- 350£ 55 mA; 10000): 25 mA.

Size: 3-7/8H x9-1/8Wx3-1/8D.i
Stability: +3 ppm/°C max. 128 (98 x 23; 3 B;Smmj. /8 Din
Resistance  30.00 to 1111.10Q} in
Range: 0.0101 steps. Weight: 1.9 1b (0.85 kg).

All specifications are nominal or typical at +23°C (+73°F).

MEASUREMENTS GROUP, INC.
P.0. Box 27777, Raleigh, NC 27611, USA 022714TD
(919) 365-3800 ® Telex 802-502 ® FAX (919) 365-3945 Printed in USA



BULLETIN 302-B
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PORTABLE STRAIN
GAGE WELDING AND N
SOLDERING UNIT - )

A battery-operated capacitive discharge spot welder for attaching and wiring weldable strain gages
and temperature sensors.

¢ Separate visual and audible indicators monitor e “Low-baltery” light to warn the user when the

welder status — Weld energy is continuously
adjustable from 3 to 50 joules, making the
Madel 700 an excellent choice for installing
weldable strain gages and temperature sen-
sors, as well as small thermocouples and light-

internal, sealed lead-acid battery requires charg-
ing — A built-in charger operates automati-
cally when plugged into 115 or 230 Vac, to
ensure full battery charge with no danger of
overcharging. Indicator lights monitor battery

gauge metal.

¢ Supplied with a lightwelght soldering pencil
—A front-panel control adjusts soldering tip
temperature for a wide range of soidering
applications in the field or in the laboratory.

charge rate.

® Convenlent storage space for cables and -
instruction manual.

‘\
\‘.—-. p—
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SPECIFICATIONS

WELDING

WELD ENERGY RANGE

3 to 50 joules, continuously acgiustable by front-panel control.

MAXIMUM WELD REPETITION RATE
20 per minute at 30 joules, typical.

NUMBER OF WELDS PER BATTZRY CHARGE

Approximately 2000 at weld ene-gy selting of 30 joutes, This
is equivaleni to 40 Micro-Measuramenis weldable gage

installalions.

BATTERY CHARGE TIME (from full discharge)
12 hours to 75% {ull charge; 18 hours'to full charge.

BATTERY
One zealed, rechargeable lead-acid (ron-liquid) type,
12 volt, 5 ampere-hour.

WELDING PROBE
Manually fired with trigger controf and "steady-rest.”

WELDING CABLES
Two 5 ft (1.5 m), tully {lexible.

WELD ENERGY MONITCR -
Calibrated front-panel control with READY and WAIT
indicators; audible indication selegtable.

SOLDERING

TEMPERATURE CONTROL

solders.

SOLDERING PENCIL
1.1 0z {31 gm), rated at 25 walts, 12 volt operation.
Tip temperature adjustable from +200° to +900°F
{+90° to +480°C). :

SOLDERING DURATION

inival full charge).

Continuously variable with bands indicating melting range of

|
4 hours using +361°F (+183° C} melting point sotders {with - -
: i

‘E
i
b
.
L.

*  GENERAL

OVERALL SI1ZE
ILxO9WxG-3/4Hin (23Q x 230 x 250 mm],

WEIGHT
21 1b (9.5 kg).

INPUT POWER FOR RECHARGING
115 Vac or 230 Vac, 50-60 Hz.

0% to +120°F {-20° to + 50°C).

MEASUREMENTS GROUP, INC.
P.Q. Box 27777, Raleigh, N.C. 2761, USA -
(919) 365-3800  FAX {919) 3653947 ® Telex 802-502

v
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991118TD
Printed in USA



GAGE
INSTALLATION
TESTER

A compact, battery-powered instrument used to verily the electrical quality of a strain gage
installation BEFORE it is placed in service.

¢ Reads with the Push of a Button: No Warm-Up,
¢ Reads Insulation Resistance (Leakage) to 20 000 Megohms with 15 Vdc.

¢ Measures Deviation of Installed Gage Resistance from Precise Standards to a Resolution of
0.02 Percent. '

¢ Ohmmeter Scale for Troubieshooling Questionable Instaliations.

¢ Verifies the Complete Gage Circuit Including Leadwires.
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DESCRIPTION

Two of the mostimportant measurements used to verify the quaiity of a strain The Modei 1300 was jointly designed by the Micro-
gage instailation are insulation resistance (leakage to ground) and shift in Measurements and instruments Divisions of the
gage resistance due to installation procedures. White these two measure- Measurements Group for maximum usability. The
ments are not a complete guarantee of eventual proper strain gage perfor- unit's payback is very short as it will identify faulty
mance, any instatlation which produces questicnable values should not be gage installations that could ruin a costly test.
relied upon where accuracy of results is necessary. . program.

Several sources of variations in insulaticn resistance and shlfls in gage
resistance are;

Insulation resistance in exceéss of 20 000 megehms should be expected
for foil strain geges when installed underlaboratary conditions. Avalue of
10 000 megohms should be considered minimum. A reading below this
value generally indicates trapped foreign matter, moisture, residual flux
or backing damage due to soldering, as weall as mcomplete solvent avapo- .
ration from an overcoating. . -

Deterioration of the insulation resistance wnh time may be an indication
of an impreperly coated instaliation.

At higher test temperaiures, particularly above +300°F (+150°C}), it is
normal to expect lesser vaiues, Ten megohms is considered to be the
lower ailowable value.

A voltage difference between the specimen and strain gage frEquenily .
exists. A very high insulation resistance will help keep this voitage differ-
ential from introducing extraneous signals during strain measurement.

Shifis in gage resistance during installation should not normally exceed
0.5% when using room-temperature-curing adhesives. Resistance shifts
greaterthan 0.5% generally indicate damage to the gage due to improper
handiing or ¢lamping. However, sirain gages installed using elevated-
temperature-curing achesives-may exhibit greater-shifts in resistance -
due to adhesive lock-up at elevated temperatures (difference in linear.
coefficient of thermal expansion between the strain gage and specimen),
These shifts wili vary depending upen the specific cure temperature and using the Model 1300. Once initial wire connecuons
materials used, The shifts should never exceed 2% and should be umform are made, measurements are accomplished simply:
within 0.5%. by pushing the appropriate buttons. - = -

SPECIFICATIONS

i INPUT GIRCUITS SIZE

f Gages: 3-wire guarter bridge (120 and 3500)) and half bridge. Othervalue quarter Aluminum case {separable lid}

3 bridges using customer's reference, at readily accessible panel terminals. As SHx7Wx5Dinwilhlid

] ahmmaeter: 2 leads {5001 and 500 M1 midscale), (125 x 180 x 125 mm).

! INPUT LEADS WEIGHT
ER 4-{t(7.2-m)4-conductor AWG #26 {0.4-mem dia.) twisted Teflon®-insulated cabie 3.6 ib (1.6 kg) with batteries
e supplied (with ground ¢lip and 3 tinned leads). POWER SUPPLY
! T:,: METER Four 8V NEDA 1604 batlenes(Eveready21Sor eqguiv.)
3.5-in size [3.00-in (75-mm) scale tength| with mirrar. Tracking accuracy £1% Life: Will tusly test 1000-5000 instaltations.
ol full range.

MODE SWITCH
5 momentary push buttons: battery check, 1:5% deviation, 1% deviation, gage
resistance {ohms), and insulation resistance (megchms).

DEVIATION MODE
Two ranges, 1% and 5% F.5. (50 graduaticns either side of zero).
Accuracy: 1% range: 0.04% AR {2 meter graduations)
5% range: 0.2% AR (2 meter graduations)
Excitation: 1.0 Vdc per gage.
INSULATION RESISTANCE MODE
Graduated 5 M{) to 20 000 M(1 (300 M2 mid-scale).
Accuracy: 1 scale div,
Test Voltage: 15 Vd¢ open circuit.
O+HM MODE
Graduated 50 to 20 k(1 (30001 mid-scale).
Accuracy: 1 scale div. L .
Test Voltage: 2 Vdc open circuit (0.4 vde @ 1200). : ‘Momentary action, color-coded push-button switches
ENVIRQNMENTAL . enable easy selaction of metar scales—ohms/megohms,
+15° to +125° F( 10° to +50° C); up to 90% relative humidity, non-condar i 1% deviation, +5% deviation and battery check.

GAGE INSTALLATION TESTER
“mGao

i
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The Broadest Range Of Strain Gages
And Accessories Available

Micro-fMeasurements has been a trusted name in the field of Strain Gage Technology for many years. We are proud
of our worldwide reputation as a premier supplier of high-quality precision strain gages and strain gage accesso-
ries. and are fully committed to maintaining our position as the leader in this field. This short-form catalog of
Micro-Measurements strain gages and related products is intended to provide a condensed overview of the sensors,

. suppiies, and tools commonly needed for typical strain gage applications.

Micro-Measurements was independently founded and operated in the early 1960's. A few years later it became a
part of Vishay Intertechnology, Inc. and, in late 1973, was incorporated with the other stress analysis divisions of
Vishayinto asingle entity — The Measurements Group. All divisions of the Measurements Group are now located in
our world headquarters facility near Raleigh, North Carolina. Micro-Measurements maintains an additional strain
gage production facility in Roemulus, Michigan.

Customer Support Services

The common denominator in all Micro-Measurements products and services is our dedication to helping you
achieve consistently accurate and reliable strain measurements. And we've made some significant commitments to
help ensure your success:

We publish the widest range of technical
reference fiterature in the strain gage field —
available through the Measurements Group's
Technical Data Mailing Program.

We respond quickly to requests for "specials”
to suit individual requirements.

| R
153 ) ey
- e a o

An experienced and friendly Applications - ;;L,'g;'!-'»
Engineering staff is readily available by e
phone or letter.  ":-ie - . 0 -

© v e b raveE paty v e e o e e .
- DT S :

We offer a variety of comprehensive technical training programs from ‘
beginner to advanced levels in strain gage technology. The Measurements.
Group regularly conducts workshops and technical seminars in our Tech-
nical Training Center in Raleigh, North Carclina and at locations through-

.

out the U.S. and the worid. ‘ AT :




Master Strain Gage Catalog

- . GCatalog 500

This introductory catalog contains abridged strain gage listings
which are representative of the types and sizes most widely used in
stressanalysisapplications, Forthose involved in extensive stress/strain
measurement programs, it is advantageous to request a copy of
Micro-Measurements Catalog 500. The gage tistings in Catalog 500
include essentiaily alt standard types and pattern configurations
manufactured by Micro-Measurements, Considering the variations
in pattern design, grid alloys, self-temperature-compensation
(8-T-C) numbers, backing materials, and optional features, there
are over 100,000 possible gage types from which to select.

Catalog 500 contains a broad range of pattern configurations and
sizes, designed to meet the many and varied test requirements
encountered throughout the field of experimental stress analysis.

.- A special group of strain gages — Transducer-Class® —
has been-developed specifically for transducer appli- ’
+ cations. Transducer-Class .strain gages, described in
"_separate Micro-Measuraments literature, are a select
» group of standard and special gage patterns designed for
;‘,opumum ‘cost/performance ratio (in transducer serv:ce) in
:- high-valume producnon quanunes -

R e e T T )

Gage Listings

Reproduced below is a sample Catalog 500 listing
for a single, representative gage pattern. The listing
includes a tabulation of all gage series in which the
pattern is available, as well as optional features
applicable to each series. Complete descriptions of
the gage series, options, etc, are provided in the
introcductory section of Catalog 500.

OPTIONS AVAILABLE

Add Indicaied Price To Paciiage Price
HNoie: Slock Slatus Symbols Do Not

Mol GAGE
DESIGNATION

Each Baction

3 : Section (81 = Sec 1) Apply To Gages Wilth Qptional Feslures
CP = Complsis Pattemn Insart Desired 8-T-C Mo. B
M = Matrix in Bpacas Marked XX E SE L LE

‘supplied with duptex

.Lcopper pads (DP) when Optional Ieature WorSEis not SDBCIfIGd

U M

_— EA-XX-125AD-120 120 £0.15%
E : ED-DY-125AD-350 350 £0.3%

' EK-XX-125AD-350 350 £0.15%
WA-XX-125AD-120 120 £0.3%
WK-XX-125AD-350 350 £0.3%

GAGE | OVEAALL| GRID | OVERALL | EP-08-125AD-120 120 £0.15%
LENGTH LENGTH WIDTH WIDTH SA-XX-125AD-120 120 +£0.3%
oS o 0230 G 0428 | 0125 | gK-XX-125AD-350 350 £0.3%
Tate T} eas  “Tare [ Hase | $D-0Y-125AD-350 350 +£0.6%
Matrix Size  040Lx0.22W . 192Lx56w | WD-DY-125AD-350 350 +£0.6%




Strain Gage Designation System
and &election Chart

In selecting the most suitable strain gage for each application, consideration must be given to the variations in
pattern design, grid alloy, self-temperature-compensation (S-T-C), backing material, and optional features. The
gage designation system and standard strain gage selection chart shown on this page present a partial summary of
the many combinations of these factors available in Micro-Measurementis strain gages. For brevity, this summary is
limited to those gage serigs and optional features listed in this catalog only. When selecting or ordering a strain gage
from this catalog, these charis will provide a key to choosing the appropriate gage for your application.

A complete, delailed designation system and sefection chart are included in Catalog 500.

When test conditions are severe, or when there are unusuaily stringent demands on accuracy and stability,
selection of the optimum gage parameters to satisfy the lest specifications can involve a number of subtle
considerations. Asanaid in systematically arriving at the mostappropriate gage type, given a specific measurement
task, Measurements Group Tech Note TN-505, “Strain Gage Selection Criteria, Procedures, Recommendations”,
available on request fromthe Measurements Group's Applications Engineering Department, will provide a valuable
reference for use in conjunction with these selection criteria and charts.

Self-Temperature-Compensation - Active Gage Length in Mils
{thousandths of an inch)

. : . r~—————— Grid and Tab Geometry
Carrier Matrix (Backing) 1 Resist - on
—— Resistance in Ohms

CEA-06-250UW-120

i

E: Open-taced, cast polyimide backing. A:  Constantan alloy in self-temperature- The $-T-C number i3 the approximate thermal
compensated form, axpansion coefficient in PPM/®F of the structural

matarial on which the gage is to be used. The
following standard compensations are available:

Isoelastic alloy. A and K alloys: 06, 13. -
K: Modified Karma alloy. P alloy: 08

The D alloy is not available in self-temperature-
compensated form. ‘DY is used instead.

Foil Alloy

W:  Fully encapsulated; glass-liber-reinforced
epoxy-phenglic resin. High-endurance P:  Annealed Constantan.
leadwires.

CE: Thin, flexible gages with a cast polyimide
backing and encapsulation featuring large,
rugged, copper-coaled sclder tabs. This
construction provides optimum capability
for direct leacwire attachment.

b | FATIGUE UFE
Gage DESCRIPTION AND PRIMARY TEMPERATURE RANGE STRAIN AANGE | Straln Level | Number of
Series APPLICATION ; o . B
| L <o inue - Cycles -
. ’ . . Normal: -100° to +350°F (-75° (o +175°C) +3% for gage {éngths +1800 108
EA General’-pu:%ose s:a.‘;:;b:md dynamic stress analysis. Wide Special or Short Term: under 1/8in (3.2 mm). +1500 106
range of options avaiiaole. -320° 1o +400° F (-195° Ig +205°C) +5% for 1/8 in & over. +1200 108
Universal general-purpose strain gages. Constantan A VT - . co
CEA grid completety encapsulated in polyimide, with large, Normal; -100® to +350°F {-75° to +175°C) ;?::i;agz?{a;znrgﬁj +1500 108
rugged, copper-coated tabs..Primarily used for general- Stacked rosettes limited 1o +150°F (+65°C) 5% for 1/8 in.& over‘ X500 . f o _10‘]'
purpose static and dynamic siress a’nalysis...\;"‘ . co T S an Al IR P
gp | Excellent for dynamic measurements, High gage factor ic: -320° 1o +400°F (- 1957 to +205°C N I'ntazrtt strain +2500 108
and exiended faligue lite. Dynamic: - ¢ - o ) onling +2200 107
- levels over £0.5%.
Stress analysis and transducer applications. Wide temper- | Normal: -100° 1o +400°F {-75° to +205°C} . +2000 108
WA | ature range and extreme environmenta! capability. High- Special or Short-Term: 2% £1800 100
endurance leadwizes. -320% to +500°F (-195° o +260°C) +1500 107
Widest temperalure range and most exireme anviron- | [ormal: -452° to +550°F (-269° to +290°C) | - +2400 10:
WK mental capability. High-endurance leadwires. Special or Short-Term: 1.5% 2200 10
-452° 10 +T50°F (-269° to +400°C} +2000 108
) . ) . +10% for gage iengths +1000 104
- . I+ .
gp | Ml engalon Meesarements (post yield). Only avai 100° to +400°F (-75° 10 +205°C) under 1/8in (3.2 mm). | EP gages show zero shift
: ) +20% for 1/8in & over. | under high-cyclic strains.
. . . . _ +1.5% +3000 108
wp | for wide-range dynamic strdin measurements I 52 | Dynamic: -320° 1o +600°F (-195° fo +260°C) |  Nonlinear at atrain . 2500 107
vere envirecnments. High-engu . lavels over +0.5%, +2200 100

'Fatigue lile improved using low-modulus solder.



M

M

Super Stock Gage Listings Section

-The gages-listed on this-and-the-following-page represent the niost widely used types for_general-purpose__

expenmenta[ “stress analysis. Gagé lengihsrange from 0.015 to 0.500 in (0.4 to 13 mm) in a wide range of pattern
configurations. In additicn to single-element gages in a variety of sizes and aspect ratios, the listinctudes two- and
three-element rosettes for use in biaxial stress fields. There are also twin-element chevron patterns for measuring
shear strain or torque. Grid re31stances of 120, 350, and 1000 ohms are availahle.

Selection of gages from this list will generally lead to the best delivery and, in many cases, to a price advantage as
well. The "C"-feature, or CEA-Series, strain gages are normally the first choice because of the ease of installation.
These gages have rugged, copper-coated solder tabs, permitting direct {eadwire attachment,

All gages in this list are classified as Super Stock. This means that Micro-Measurements guarantees to maintain
stock for off-the-shelf delivery of at leasl 10 packages of any type listed in 06 and 13 self-temperature-compensation
numbers (except 08 $-T-C for Palloy and DY for Isoelastic). There are no Minimum Order Requirements for gages
selected under the above conditions.

If your application requires a gage that is not listed here, you should refer to Micro-Measurements Catalog 500,
which includes all standard, general-purpose Micro-Measurements strain gages. All gage patterns are shown at

actual size except where enlargernent is necessary for geometry definition.

GAGE DESIGNATION AND PATTERN

GAGE DESIGNATION AND PATTERN

GAGE DESIGNATION AND PATTERN

CEA-XX-015UW-120

Micro-miniature pattern with
targe exposed s50lder tabs for
high-strain-gradient apptica-
tions. Exposedtabareais 0.06
x ¢.04in{1.5x 1.0mm).

EA-XX-062AP-120
WK-XX-082AP-350

Compact small general- ﬁ
purpose pattern, Select ‘an’
WK gage for wide tempera-

ture range applications,

EA-XX-125AC-350

Widely used general-purpose
pattern with high-resistance l
grid.

2X
CEA-XX-032UW-120 EA-XX-062A0-350 Ea-XX-125A0-120
ED-OY-125AD-350
Short gage length pattern Same size a5 062AP pattern N WD-DY-125AD-350 r}
with large exposed sotder bul with high-resistance grid ﬁ WK-XX-125AD-350
tabs for high-strain-gradient in EA Series. ‘un .
applications. Exposed tabarea Widely used, general-purpose pattern. Select
is0.07x0.04in(1.8x1.0mm). EQ- or WD-DY gages for fatigue applications;
" WK for wide temperature range static or
2X 2X dynamic measurements.
EA-XX-031DE-120 . CEA-XX-062UW-120 CEA-XX-125UN-120
CEA-XX-062UW-350 oty CEA-XX-125UN-350
Miniature pattern for posi- Ju., - ;f.f‘@. -
tioning adjacent to high stress R . Smal! general-purpose gage N Narrow general-purposegage N
concentrations, e.g., holes, P el with large exposed solder 't E pattern. Exposed tab area is .
fillsts, atc. tabs. Exposed tab area is . 0.06 x0.05in{1.5x 1.1 mm). ia
' 0.07 x0.04In{1.8 x 1.0 mm).
4X 2X

WA-XX-060WR-120

Small 3-element 45°rect-
angular stacked rosetts.

EA-XX-062TV-350

Small 2-glement 90° torque - ;
gage. éav

CEA-XX-125UW-120
CEA-XX-125UW-350

Most widely used general-
purpose gage in CEA Series.
Exposed lab area is .10 x Gy
0.07in{2.5x 1.8 mm). '

2X 2X
EA-XX-062AK-120 EA-XX-062TT-120 EA-XX-125B8-120
Small general-purpose pat- r Small general-purpose 90° e Narrow generat-purpase pat-
tern with elongated solder - tee’ rosette. Seclions are . . tern with elongated tabs.
tabs. electrically independent. i i W
o ey lll
2X 2X




ngs Section

GAGE DESIGNATION AND PATTERN

GAGE DESIGNATION AND PATTERN

GAGE DESIGNATION AND PATTERN-

TA-KR-12EGT-100

Gengral-purpose patiern with
narrgw grid and compact
gromeltry.

CEA-XX-18TUV-120
CEA-XX-187UV-350

2-glement 90° roseite for
torque and shear-strain mea-
surements. Secticns hava a
common efectrical conneg-
tion. Exposed tab area is 0,13
x0.0Bin(3.3x 2.0 mm}.

EA-XX-25CBK-10C

Very high-resistance (10000)
pattern. Recommended for
high bridge voitages or for
usa on plastics.

EA-KE-1258Z-3560

narrow high-resistance pat-
tern with comgact geometry.

EA-XX-250AE-350

Large general-purpose gags.
Used when high pawer-dissi=
pation is reguired.

CEA-0G-W250A-120
CEA-C6-W250A-350

Lowest-cost, most {laxibie
and confarmable linear
weldable gage pattern, See
page 8 for mare details,

SULHH-125RA-10ND

Ganaral-purpose J-efement
437 reclanguiar rosetle. Com-
pact geomelry.

CA-XX-250AF-120

Large general-purposs :age.
Usad when high pow-:  :izsi-
pation is reguired,

CEA-XX-ZSOUR- 120
CEA-XX-Z5CUR-350

Large 3-element 45° single-
plane rosetts. Exposed tab -
area is 0.13 x 0.08 in
{33 x 2.0 mm). ;

xX-1z25UR-120
CEALKM-TZEUN- e

General-purpose 15°single- _
piane rosette. Compact geo- ‘fﬂ'b}\
rmetry. Exposed 1ab area is i Ui o 5 4
0C3x0L08in(20x 1.5mm); ! et

EA-XX-25¢0G-12
L£~-05-2508G-120
WA-XNM-250B8G-120
WIC-XX-250B8G-350

Widely used general-pur-
posa patlern. EP Series cap-
able of elongation > 20%.

EA-XX-500BH-120

Long general-purpose gage
in a compact geomatry,

AL NIRRT 0
Gerneral-purpose 2-element
83°'leg’ resetia. Secticns are
electrically independent,

EA-XX-25CBF-350

Generai-purpose pattern with
high-resistance grid. Com-
pactgeomelry. Similarto 250BG
pattern except for resistance.

CEA-XX-500UW¥-120

Widely used long gage pat-
tern. Exposed tab area iz 0.10
x0.07in{2.5x 1.8 mm},

iZSUT-120
< X-125UT-350

LS

2-elemeni 90° 'tee’ rosette ] N
for general-purpeose use. : 3
Exposed lab area is 0.10 x !ﬂ!&d

0.07in(2.5 x 1.8 mm). e

CEA-XX-250UN-120
CEA-XX-250UN-350

Narrow general-purpose
gage pattern. Exposed tad
area is 0.08 x 0.05 in
2.0 x 1.1 mm).

TA-UK-TE5TK-350

High-rosistance 2-element
90° gage lor tarque appli-
calions.

CEA-AX-250UW-120
CEA-XX-250UW-350

Larger grid and tab than
250UN pattern. Exposed tab
area is0.10x0.07in({2.5x 1.8
mm}.




Special-Purpose Gages, Sensors, and Equipment

In addition to.providing the stress.analystwith.avastselection-of-standard strain'gage types, Micro-Measurements

~offers-a-variety-of-products-designed-to-meet-special-needs and perform Special functions in experimental stress
analysis, Although space in this introductory catalog permits neither a full listing of these products, nor comglete
descriptions, a few types of special sensors are briefly noted.

Full information on any' of these products, along with detailed technical specifications, can be obtained by
reguesting Catalog 500, or by contacting the Measurements Group's Applications Engineering Department.

Temperature Sensors

TG Temperature Sensors, with a grid of ultra-pure nickel foit, are recommended for general-
purpose temperature measurement from -320° to +500°F (-195° to +260° C), For application at |
extremely low temperatures, two alloys — nickel and manganin — are combined te preduce the
CLTS-2B (cryogenic linear temperature sensor). The duplex construction of this sensor results in
an essentially linear change of overall resistance with temperature, from -452° to +100° F {-269° to
+40°C).

Reusable LST matching networks are available for half-bridge connection of temperature sensors
to strain indicators. With these accessories, the strain indicator registers temperature directly, ata
scale factor of 10 or 100 microstirain per °F or °C.

CD-Series Crack Detection Gages are designed to pro- Crack Propagation Gages accurately indicate rate of
vide a convenient, economical method of indi- crack propagationina specimen material over a very small
cating the presence of a crack, or indicating when a crack distance. These sensors are often used adjacent to
has progressed to a predetermined location on a test part notches, fillets, or other types of discontinuities in structures.
or structure. By emptloying severdl CD gages, it is also Several sizes and geometries are available.

possible to monitor the rate of crack growth.

Crack detection gages are available with various strand
lengths; from 0.4 to 2.0in (10 to 50 mm).

-

e

Strain Gages for
Residual Stress Determination

The most widely used practical technique for measuring residual stresses is EA Serles  CEA Serlss TEA Serles

the hole-drilling strain gage method described in ASTM Standard EB37. With approximataly 2X actual size

this method, a specially configured electrical resistance strain gage rosetle is .

bonded to the surface of the test object, and a small, shallow hole is introduced through the center of the gage, using a
precision drilling apparatus such as the Measurements Group's RS$-200 Milling Guide. After drilling, the strain in the
imrmediate vicinity of the hole is measured, and the relaxed residual stresses are computed from these measurements.

For further details, request Bullatin 304,




Weidable Strain Gages and Tomperature Sensors

Weldable gages are precision foil sensors bonded to a metal
carrier for spot welding to structures and companents. These
sensors are easy 1o install and require minimal surface
preparation. Installation is accomplished without adhesives,
eliminating heat curing probiems on massive structures. Thay
are also well suited to laboratory test programs requiring
etevated-temperature testing and minimal installation time.

SPECIFICATIONS
Sensor Standard Resistance Gage Temperature
§-T-C in O.hms Factor Range -
cen | onon | SESH | | ooz
LWK 06,09 350 £ 0.4% 2.1 (:?gg: t‘g :ggg: f: -
AR

SENSOR DESCRIPTIONS

CEA-Series Weldable Strain Gage: Con-
stantan alloy sensing grid completely encap-
sulated in polyimide. Very flexible. In most
cases can be contoured to radii as small ag
172 in {13 mm). Rugged, copper-coated
tabs for convenient leadwire altachment.

LWK-Serias Waldable Strain Gage: Madi-
fied Karma {K-alloy} sensing grid compietely
encapsulaledin a fibergiass-reinforced epoxy-
phenelic matrix. Integral three-wire lead
system consists of 10 in (250 mm) flexible
etched Teflon®-insulated leadwires. Instal-
lation racius generally limited 10 2 in {50 mm}
or larger in the girection of the grid axis.

WWT.Serigs Weldahle Temperature Sansor:
High-purity nickel sensing grid completely
encapsulated in a, fiberglass-reinferced
epoxy-phenglic matrix. integral three-tab
printed circuit terminals for ¢convenient leag-
wire attachment.

®Registered Trademark of Dufont

Fﬁocﬁeﬁ 700 Portanle Strain Gage
Welding and Soldering Unit

The Model 700 is a completely portable, capacitance-
discharge spot welder, designed for efficient installation of
weldable strain gages and temperature sensors. Supplied
in a rugged, gasketed case, the battery-powered unit can be
used under field conditions where no power lines are available.

A temperature-controlied soldering pencil, operated from the
main battery supply, is an integral part of the Model 700. The
lightweight pancil can be adjusted to awide range of tip temper-
atures for beih gage soldering and leadwire splicing.

For further details, request Bulletin 302.

Bondable Resistors

Micro-Measurements manufactures a variety of fixed, adjustable,
and combination bondahle resistors for use in many applications
where precise resistance is required. Appropriate patterns are
available in both low and high temperature-coefficient-of-

resistance types, Widest use is in transducer bridge circuits to compensate for small temperature-induced errors and to

adjust bridge balance.

Various alloys, sizes, and patterns are avatlable, allowing selection of the optimum resistor for specific applications.
Resistors are normally produced open-faced on a polyimide carrier. The recommended temperature range is from 0° to
+300°F (-206° to +175° C). For further details, raquest Transducer-Class Catalog TC-116.




Riicro-Measurements
Stmm Gage Acceasorles

Micro-Measurements strain gages are produced under rigidly controlled manufacturing conditions, with the
utmost care and attention given to ensuring the high ievel of quality and precision for which these gages have
gained world-wide recognition. However, the gages’ full potential for accurate strain measurement can be realized
only when they are properly installed. There are, in fact, three principal components in every strain gage instafla-
tion: (1) the strain gage itseif, (2} the tools, materials, and supplies (accessories) needed to install the gage, and (3)
the techniques employed in performing the installation. Professional siress analysts have learned from experience
that compromising any of these may lead to compromising the quality of the installation and the accuracy of the
strain data.

The well-established formula for making consistently successful strain gage installations is quite simple:
¢ select high-quality precision strain gages.

® select professional-caliber accessories which have been laboratory-tested and field-proven for
effectiveness and compatibility with the strain gages.

® follow the installation procedures recommended by the manufacturer of the gages and accessories.

Featured on the following two pages is a small sample of Micro-Measurements M-LI/NE strain gage installation
accessories. Asindicated, the appropriate.materials, supplies, and tools are provided foreach important step in the
gage installation process — from preparing the surface of the test piece to applying a protective coating aver the
bonded and wired gage. All accessory items, whether manufactured directly by Micro-Measurements or specified
for purchase from an outside supplier, are of the highest quality, and have
been designed or selected specifically to help ensure successful installa-

tion of Micro-Measurements strain gages.

- MLLINE STRAIN GAGE Accessomss

Regular users of strain gages will want to request a copy of Catalog Y M-c....,‘.mu e *.;;;:, oo

A-110. This 40-page, fully iltustrated catalog describes the complete line o L= Ev‘é*‘: W
of gage installation accessories and related equipment. In addition to G M;‘ TR
detailed product descriptions and specifications, it includes, where Wl et _:

applicable, extensive recommendations for the appropriate selection and
application of the accessories.

Catalog A-110is available on request from our Applications Engineering
Department.

P L N
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B Simple Steps To Buccessiul

Gauze Sponges:

CSM-1 Degreaser R
M-Prep Conditioner A o
M-Prep Neutralizer 5A
Silicon-Carbide Paper
Cotton Swabs :

" M-Bond 200 -
~"M-Bond AE-10 . -
"M-Bond AE-15 "
‘M-Bond 600
#.M-Bond.610

Ce|l0phane Tape :
.-Mylar JG'Tape
- Spring Clamps
- Tefloh Film . '~
SillCOl’Ie Rubber

Wires,’ CableS'

Solder Termmals .
Solnd Stranded Tlnned

With #-L/NE Accessories

10



Strain Gage installations . . .

Fm'"wazupﬁﬁ‘ l,.:,u_, R

E"ﬁ@pa Cazion: E{a

Itis cften of greatest conven-
ienceforthestraingags user
to purchase all of the needed
accessory supplies and ma-
terials in a single package.

GAK-2 Series Kits provide
specific selections of M-LINE
accessories formaking basic
strain gage instalfations with
the M-Beond 200, AE-10/15,
or 6§10 adhesives.

The ultimate in gage installation
capability is provided by the
MAK-1, Master Strain Gage Appli-
cation Kil. The MAK-1includes all
of the supplies and special teols
necessary for makingawide range
of gage instaltaticns for both
laboratory and field applications.

S nn. )

e e A Bk P 10 o
S lnstructionaliiateria

Because technigque

is such an important
ingredient in success-
ful strain gage installa-
tion, detailed Instruction
Bulletins have been pre-
pared for virtually all
Micro-Measurements strain
gage installation products.  *

In addition, a library of . A
Tech Notes and Tech Tips is LT -
available for reference on a broad LRSS
range of subjects within Strain Gage

Technology.

Tech Tips present practical strain gage application techniques for
“out-of-the-ordinary” situations, and represent, as much as possi-
ble, a practicat “how-to” approach to strain gage instatlaticn.

Tech Notes contain in-depth technical treatments of specific sub-
jects having direct or indirect bearing on the successful application
of stress/strain measurement technology.

e J,00=§ @S

11 -




Ordering information

All Micro-Measurements products shown in this catalog
can be ordered from the accompanying price list.

The Measurements Group Order Service Department can
provide immediate stock and delivery informaticn. Most
products are available for same-day shipment or can be
produced on short delivery cycies. Measurements Group,
Inc. maintains regional sates representatives throughout
the world to furthér assist you, For additional information
on any of our product lines, contact us ar our representa-
tive serving your area.

Quantity discounts are available on strain gages and spe-
cial sensors. All other jtems are sold on a net basis only. All
prices are subject to change without notice.

he Micro-Measurements DIVISIOI‘\ of Measurements Group, inc., warrants that lhe products so!d under |ts name are fitforthe puraose for wh|ch they -~
are intended.by the supplier and guarantees said items against defects in workmanship or material for a pericd of ainety (90} days; or otherwise
_spacified I|mnts from date ofdelwery Every reporied case of non-standard material is thoroughly investigated by our Quality Assurance Department.
t should be recognized that thera is no method to 100% test our type of products since many tests woutd be destructive. Both Micro-Measurements
nd the purchuers musat dapend upon! ntahallcul sarn pilng 1echn|ques that have In 1he pas! proved tobe relxabla and aconomical in respect to the cost

arrantles or otherwise assumed for Moasureménta Group any Hability in connectlon with the saie cf any goods to the Purchaser. Buyer hereby waives
L7all rights buyer may- have arising out of any breach of contract or breach of warranty on the part of Maasurements Group, to any incidental or

consoquanﬂal damagea, including but not limlted to damages to propeny, damages for tn]ury tothe person, damages forloss ol use, loss of time, loss
of profits or incoms, or.loss resulllng from pancmal ln]ury

g
wurrunty provlalona. timitatlons, exclusions and dlsclalmars stated harein prior to the time any such goods are purchased by such buyers, and the
urchaser har_a yagroes to indemnify and hold Measurement Group harmlessirom any clmm assened against or liabiiity imposed on Measurements -

EDIC, §. 4.

EQUIPOS DIDACTICOS. INDUSTRIAL[b MEAS UREMENTS GROUP, INC.

———
MEASUREMENTS f SIENTIFICOS, 5. A, DEiC Y, P.O. Box 27777
CAfHO No C;.STEDI B91205-pga : Raleigh, NC 27611, US¢
C. P, 02070 Mtg?}o % REcpr_o (919) 365-3800
L SE10004 iy aay r T Telex 802-502 6FAX (319) 365-3945
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Sophisticated/Uncomp

The 2300 Signal Conditioning Amplifier System
combines the latest in electronic sophistication
with simplicity in setup and operation

The 2300 System conditions and amplifies low-
level signals to high-level outputs for multiple-
channel, simuitaneous dynamic recording or dis-
play on external devices.

Amang its advanced features, each 2310/2311
Module includes a buift-in power supply, active
filtering, three simultaneous outputs, playback
mode, wide frequency response, and electronic
bridge balance. Socket-mounted integrated cir-
cuits and discrete components achieve the de-
manding specifications listed while providing
ease of serviceability.

Uptoten2310/2311 Modulescan be mountedin
aModel 2350 Rack Adapter; orup to four modules
in a Model 2360 Portable Enclosure; or, a single
2310/2311 can serve as a stand-alone unit,

While the Model 2311 provides wider frequency
response and more versatile excitation, the basic
2310 and 2311 Signal Conditioner/Amplifier

Sitont
: s "ﬁﬁ% < pows
Sl '%aﬁ’@%%
s s

Modules accept inputs from strain gages, load/
pressure/dc displacement transducers, potentio-
meters, thermocouples (with Model 1611 Adap-
ter), RTD's and nickel temperature sensaors,

without any internal modification.

Controts on the 2310/2311 are arranged in sec-
tions, permitting easy setup. Clearly marked
push-button and single-purpose switches mini-
mize the possibility of operator error during use.
With the exception of the playback switch, all
operational and monitor controls are on the front
panel. Switches for selecting remote sense and
specific shunt calibration configurations are
located on the printed circuit board inside the
unit.

Typical 2300 System configurations are shown
on the facing page. The operating features of the
basic 2310 and 2311 Modules (shown actual size)
are illustrated and described on pages 4 and 5.
Complete specifications are given on page 7.

e
record prevflously ecorded

FRagt Ty

magn' tic:tape




Configuratﬁ@ns

The 2310/2311 Amplifier Modules can be used as stand-alone, single-channel instruments, or can be

configured into racks for multi-channel testing.

T

rw'y-.,.t,':

Stand-alone, single-channel instrument used
with the Model 2310-A20 line cord and stabilizer
bar accessory package.

Model 2360 Portable Enclosure includes all ac
wiring. Accepts up to four amplifier modules.

I
g

adjacent ten-channel systems.

Ten-Channet System {including Model 2350 Rack Adapter} shown with the Model 2355 Enclosure. The Model
2350 Rack Adapter fits standard 19-in (483-mm) electronic equipment rack. All wiring is built-in to accept

“




Front-Panel Controls

: ' ’
2310 SIGNAL : D311 SIGNAL - ¢
gﬁrsgggNlNG . Theprincipal differences betweenthe 2310and i%?ﬁ;{é?NING h

@ - 2311 amplifiers are the 2311's wider frequency ) @

oo - response and broader range of excitation set- o N2 ;

G el - tings. See specifications on page 7.

¥EICAL
A

GALVANOMETER: Electronic adjustment for
zero positioning and span of the galvanometer,
remote from recorder.

T el ; CALIBRATION: Momentary two-position
rAUTO BAL'] 2 switches, A and £B, control shunt calibration
HI - oy levels; 4 point.

K 51 N

FAUTO BAL 8

OFF HI

LED DISPLAY: Set up indicator for amplifier
balance, bridge balance and for monitaring.the
output level.

FILTER SECTION: Push-button controls for
activating appropriate low-pass active fiiter, or
selecting wide-band operation (WB).

ELECTRONIC BRIDGE BALANCE SECTION:
T ST Three-position switch — OFF, ON, RESET —for S L T :
‘ = . electronic bridge balance; auto ranging up to -[-—-—-EXCITATION,—,l'
EXC[TATIONON_ +25 000u e with nonvolatite zero storage; ' 2735 i 00
= yellow light indicates high-range operation or 2 T s !

PN
@ ' overrange condition. Vernier TRIM control is L4
A4 Y -

- OFF - used to refine bridge balance when desired.

AC IN: Capacitive coupling in the amplifier; '
eliminates static component ¢f the signal. .

BRIDGE EXCITATION: ON-OFF switch for N AT
removing bridge excitation from the strain gage B A
or transducer.

AMPLIFIER BALANCE: Adjusts any amplifier
offset.

EXCITATION LEVEL: Twelve-position switch;
values arranged for doubling power with each
step.

2311 — Same as 2310 except 0.5 replaced by
variable setting: 0.3 to 6 Vdc.

AMPLIFIER GAIN SECTION: Continuously
variable potentiometer (1.00 to 11.00) plus
push-button muitiptiers control ampiifier gain;
direct-reading.

BATTERY TEST: Momentary push button
determines battery level for bridge zero storage.

v J_-_ . NG MAIN POWER: Turns unit on/off; LED pilot
- wintieimint1’ INSTRUMENTS | “ N
A - DIVISION t i light.

PIN JACKS: Monitoring of EXCITATION,
UNAMPLIFIED INPUT, AMPLIFIED OUTPUT.

Excitation pin jacks only for Model 2311.

Shown aciual size . Shown aclual size



Back-Panel Controls — 2310/2311

AC LINE SWITCH: Selects ]
nominat 115 or 230 Vac opera- BC-Board Controls
tion. Recessed to eliminate

inadvertent movement. ‘ _
Conveniently located switches on the

printed circuit board permit easy setup
for filtering of outputs, shunt calibration,
and remote sense selection,

TAPE PLAYBACK SECTION:
Slide switch activates magnetic
tape-playback cperating mode.
Connects the input to the filter
circuits and post amplifiers. FILTER
BNC input connector, ‘ SELECTION
(output)

MAGNETIC TAPE CUTPUT:
Full-scale 4:1.4V level available
at this BNC connector for driv-
ing magnetic lape recorder.

HIGH-LEVEL OUTPUT: Full-
scale 10V level available at
this BNC connector for driving
an oscilloscope, DPM, etc.

OUTPUT RECEPTACLE: Ali
three outputs available at this
connector for those who prefer
to hard wire their connections
{mating piug included). Outputs
are 75 mA for galvanometers,
11.4V, and £10V.

INPUT RECEPTACLE: All sen-
sor inputs made through this
15-pin quarter-turn connector.
Pin selection determines mode
of operation (mating plug
included).

POWER CONNECTOR: Main
power input from the rack adap- SHUNT
ter, portab[e enclosure or indi- CALIBRATION
vidual line p'Ug Additional pinS SELECTION
e ' for optional remote operation of ik §
Shown actual size shunt calibration, bridge excita-

tion (ON/QFF), and electronic HSEEMN%EE

bridge balance. SELECTION




'E'echmcal Notes

The shunt calibration technique is customarily used to calibrate and introduce gage factor into the systam. Two {ront-panel switches, A
and 8, activate two pairs of fixed resisters mounted in sockets on the printed circuit (PC) board. These are the shunt calibration resistors,
and their values determine the calibration levels. Additionally, 2 multiple switch assembly on the PC board controis which Wheatstona
bridge arm(s) is being shunted, and selects tocal or ramole wiring to these arms. Multiple shunt c¢onfigurations are possible by simply
moving the selector switches — rewiring is not necessary. The specific test conditions dictate the best configuration. Several of the more
important configurations are illustrated beiow:;

ﬁ %, L
e

FULL BRIDGE: Double shunt; recommended for HALF BRIDGE: Shunt active gage with QUARTER BRIDGE: Shunt dummy gage;

high-acturacy transducer applications. dedicated leads; used on some transducers recommended for stress analysis applica-
and some stress analysis applications; elim- . tions to compansate for |leadwire desen-
inates leadwire influences on calibration. sitization.

Fower dissipation is an important consideration for cbtainjng optimum stability and per-
formance from strain gages, strain gage based transducers and similar devices.

The excitalion sieps on the 2310/2311 have been carefully chosen and arranged t¢ provide power
doubling with each step, starting with an extremely low excitalion. The power-versus-
voltage graph illusirates this important feature. The step excitation switch allows quick and certain
repositioning of the excitation level; and, in combinaticn with a continuoustly variable gain, provides
excellent measurement flexibitity.

EXCITATION STEP
DOUBLES GAGE POWER

REMOTE SENSE: Serious !ull-bridge measurement inaccuracies ¢can be caused by vollage losses
due to cable resistance and variations of that resistance. To minimiza this problem the 2310/2311is
equipped with a REMOTE SENSE feature. When used, it automatically senses the voltage at the ]
transducer and regiates the voltage of the power suppiy to achieve the praset level at the transducer. Ll

GAGE POWER [(WATTS)

[ 5 0 15
OPTIONY — REMOTE OPERATION: Ramota calibration by external command is an optional featurs EXCITATION (BRIDGE VOLTS) 3500 GAGE

forthe 2300 System. This option adds six internal relays enabling the user to remolely operate: Shunt
Calibration (*A, -A, +B, and -B), Auto Balance Reset, and Bridge Excitation ON/OFF (lo check amplifier balance).

For single-channel applications, the internal power supply may be used to energize these relays. More than one 2310/2311 can be operated with a
single set of awilches (or external relays); an external 5 Vdc power supply is required (250 mA for each ten channals). if Option Y is specified tor
the 231072311, it must atso be specified for the accompanying Rack Adapter (2350), or Portable Enclosure {2360), to ensure that the necessary internal
cabling, receptacle and mating connector are supplied.

P "3‘3{" 43?' B!

Setting the initial test condition t¢ zero output (baiance) is normally done befors each test. With the 2310/2311, batance is automaticaliy achieved by
pushing the momentary swilch to the RESET position. Tha OFF position ¢isables the auto balance circuit.

The vollage injection technique is used to set zero. With this technique a voltage is generated which is essentially equal (but of opposite sign) o the
unbalanced bridge output; this voitage is injected into the amplifier to produce zero net cutput voltaga, The main advantage of this technique over
the conventional potentiometer-resistive-balance method is that it does not lpad the bridgge — a necessary requirament for accurate full-bridge
operation and good cemmon-mode rejection. The injection voitage, although analog in form, is digitally generated and digitally stored. internal
batieries preserve the zero when the main power to the unit is interrupted or turned off.

When balance cannot be achieved on the low range, the 2310/2311 will auto range to the high range, which is indicated by a steady yellow panel
light, The high range provides greater range with less resclution.

Although not normally used, 8 TRIM control is provided for that demanding measurement where zero must be precisely sat,

Batance by external command is an gptional feature.

when the measurement does not require the full bandwidth, a built-in low-pass filter can be 1.0 e o
used lo suppress high-frequency components of the input signal. The standard 2310/2311 has
atwo-pole low-pass active Butterworth filler with selectable fraquencies, Greater suppression above o 01 10
the cutoff {requency can be obtained by specifying Opticn V. This opticn increases the standard = \
two-pole filter to a four- or six-pole filter with characteristics simitar to the Butterworth. 'g o 10
A graph illustrating the roll-off characteristics of the 2- and 6-pole filters is shown. E
G
Push buttons control the cutof! requency, while the wide band (WB) position allows the amplitierto  Z 02 30 2
operate at its fullest capacity. g .
: .01 » 40
The ac position is used 1o eliminate the static (de) component of the signal and pass only the &
dynemic component. In this eircuit configuration, the amplifier is capacitively coupled after g
the preampiifier. 003 \ so
001 80
[+ J= | 1 3 L] 30

FREQUENCY RATIO



Speclfucatlons

| $2310/2311'SIGNAL CONDITIONING_":'MP;:," FIE

—“Inpul impedance: 100 MY ‘min, differeniial or common-mode,

—INPUT—
Strain Gages: Quarter (120 and 350(1), half or full bridge
(50 to 100001). Dummy resistors instafled.
Transducers: Foil or piezoresistive strain gage types.
Potentiometer.
OCDT displacement transducsr.

EXCITATION

2310 — 12 settings: 0.5, 0.7, 1, 1.4, 2, 27 3.5,5,7,10,
12 and 15 Vdec +1%, max.

2311 — Same as 2310 except 0.5 replaced by variable setting:
0.3 to 6 Vdc.

Current: 0-100 mA, limited at 175 mA, max.

Regulation (0-100 mA, £10% line change): £0.5 mV £0.04%,
max measured at remole sense point, (Local sense; -5 mV,
typical, @ 100 mA, measured at plug.)

Remote Sense Error: 0.0005%/(1 of lead resistance {3500 load).

Noise and Ripple: 0.05% p-p, max (dc to 10 kHz).

Stability: 0.02%/°C. '

Level: Normally symmetrical about ground; either side can be
grounded with no eftect on performance.

BRIDGE BALANCE

Method: Countaer-emf injection at preamp; automatic electronic;
dual range; can be disabled on front panel.
Ranges {auto ranging):
+50004:€ (1% bridge unbalance or 2.5 mV/V), resolution
2.5u¢€ (0.0012 mv/V),
+25 000 € (5% bridge unbalance or 12.5 mV/V), resolution
12.5p€ (0.006 mV/V),
Balance Time: 2 seconds, typical.
Manual Vernier Balance: +50u€ (£ 0.025 mV/V),
Intaraction: Essentially independent of excitaticn and
ampiifier gain.
Storage: Digital; up to 2 years without line power.
SHUNT CALIBRATION
Circuit {2-level, dual polarity):
Single-shunt {for stress analysis) across any bridge arm,
including dummy gage.
Double-shunt (for transducer) across opposite bridge arms,
Provision for 4 dedicated leads to shunt external arms,
Cal circuit selected by switches on PC board.
Standard Factory-Installed Resistors (£0.1%} Simulate:
1200 and :£1000u€ @ GF=2 across dummy haif bridge,;
+1000u € @ GF=2 across dummy gage (120 and 3500);
+1 mV/V (double-shunt) for 3501} transducer.
Remote-Operation Relays (Option Y): 4 relays (plus remote-
reset relay for bridge balance and relay for excitation on/off).
Each requires 10 mA @ 5 Vdc, except excitation on/ofi 25 mA,
AMPLIFIER
Gain: 1 to 11 000 continuously variable. Direct-reading.
2310: £1% max. of reading
+0.5% max. of tull scale vernier setting.
2311: £1% max. of reading.
Ten-turn counting knob (X1 to X11) plus decade muiltiplier
(X1 to X1000).
2310 Frequency Response (all gains >5, full output):
dc coupled: d¢ to 25 kHz, -0.5 dB max.
dc to 85 kHz, -3 dB (typical at 40% output).
ac coupled: 5 Hz to 25 kHz, -0.5 dB.
2311 Frequency Response (all gains, full output):
de¢ coupled: dc to 50 kHz, -0.5 dB max.
dc to 125 kHz, -3 dB max.
ac coupled: 1.7 Hz to 125 kHz, -3 dB max.

2311 Frequency Response, Aeduced Output {2 Vrms max):
Bandwidth (-3 dB) @ Gain of; 1-11, 200 kHz; 10-110,
170 kHz, 100-1100, 135 kHz; 1000-11000, 125 kHz.

All Specifications are nominal or typical at +23°C unless noted.

including bridge balance circuit.

Bias Current: 50 nA, typical each input.
Source tmpedance: 0 to 10001} each input.
Common-Mode Voltage: £10V.

Common-Mode Rejection (gain over X100):
Shorted input: 100 dB, min, at d¢; 80 d8, min, dc 1o 1 kHz.
35011 balanced input: 30 dB, typical, at 1 kHz.

Stability {gain over X100): £2 uV/°C, max, referred to input
(RTI).

Noise (gain over X100, all outputs);
0.01 te 10 Hz: 1 uV p-p RTI,
0.5 Hz to 125 kHz: § pVrms, max, RTI.
FILTER
Characteristic: Low-pass active 2-pole Butterworth standard.
Frequencies (-3 =1 dB): 10, 100, 1000 and 10 000 Hz and
wide-hand.
Ouwtputs Filtered: Any 1 or 2 or all (switch-selected on PC board).
NOTE: Consult Applications Engingering Department
concerning optional filter characteristics and frequencies.
AMPLIFIER OUTPUTS
Standard Qutput: £10V @ 5 mA, min,
Tape Output; £1.414V (1 Vims) @ 5 mA, min.

Galvanometer Qutput: £10V at 75 mA, min, current-fimited at
100 mA, max {minimum load resistance for 0.05% linearity:
504y).

Galvanometer attenuator (0-100%) and zero adjust (£1V)on
front panel.

Linearity @ dc; 0.02%.
Any output can be short-circuited with no effect on others.

PLAYBACK ‘

Input; £1.414V full scale; input impedance 20 k{l. L
Gain: X1 to tape output; X7.07 to standard output.

Filter Selection: As specified above.

QOutputs: All three as specified above,

POWER

105 to 125V or 210 to 250V (switch-selected), 50/60 Hz,
10 watts, max.

Keep-Alive Supply (for bridge balance}: 2 Eveready S76E or
equal, Shell-life (approx. 2 years).

SIZE & WEIGHT

Panel: 8,75 H x 1.71 Win (222 x 43.3 mm).

Case Depth Behind Panel: 15.9in (404 mm).

Weight: 6 Ib (2.7 kg.

POWER

2-fi({0.6-m)3-wireline cord; 10-ft{3-m) extension cord supplied.
Fuse: 1A size 3AG (32 x 6.4 dia mm).

Receptacle to accept line cord from adjacent 2350 Rack Adapter.
Wiring for remote calibration with Option Y.

SIZE & WEIGHT

8.75Hx 19W x 19.06 D In (222 x 483 x 484 mm .

13.51b (6.7 kg).

'35 2360 PORTABLE.ENCLOSURE
POWER
8-ft (2.4-m) detachable 3-wire cord.
Fuse: 1/2A size 3JAG {32 x 6.4 dia mm).
Wiring for remote calibration with Option Y.

SIZE & WEIGHT
906 Hx7.20W x 18.90 D in (229 x 183 x 480 mm)}.
6.751b (3.1 kg).




2300 System with i/0 Devices

TRANSDUCERS
Strain [al#] Load Pressure Thermocouple
Gage Displacement Cell ’ Cell Potentiometer RATDs

Digital Xy
Panre! Recorder
Meter

v
Recorder

Magnetic

Tape
Recorder

The 2300 System pro

A separate bridge power switch removes bridge excita-
tion, enabling the operator to detect unwanted signals due
to electrical interference and/or noise, thermocouple
effects, and shifts of the instrument zero during a long-
term test. This feature is an absolute must for dynamic
testing, and for validating test resufts.

The low temperature coefficient of the instrument per-
mits large changes in ambient temperature with only
minor shifts in instrument zero and span. The [ow noise
level allows good resolution of very small signals,

An'individual power supply for each channel provides
the ultimate in channel isolation and eliminates any poten-
tial interaction. .

Very low excitation settings of 0.5, 0.7 and 1 volt allow
small strain gages, such as 0.015 in (0.38 mm), to be
properly excited without any overpowering or self-heating.

vides better data...

Additionally, this feature allows for any special considera-
tion which may be dictated by the test material; for exam-
ple, paor thermal conductivity normally associated with
plastics and composites.

An electronic balance with LED indication is used to set
the initial test condition to zero output. Balance accuracy
is independent of the operator. And the high input impe-
dance (above 10 megohms) of this circuit eliminates any
Ioading of the transducer.

The bandpass at full output is independent of the gain
settings. This permits the selection of the optimum bridge
excitation level and gain setting without being concerned
about the obtainable frequency response.

The 10-Hz filter position can be used to collect quasi-
static data. 60-Hz pick-up is rejected by a 30:1 ratio (2-pole
filter). 60-Hz ripple is not present in the recorded data.
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The 2400 Signal Conditioning System
incorporates, as standard, all the features
necessary for precise conditioning of strain
gage and transducer inputs combined with
the convenience and speed of computer-
controlied setup. The 2400 System allows
the user to configure individual signal con-
ditioners from any host computer with an
IEEE-488 or RS-232 communications link.

Among the features of the 2410 Amplifier are
isolated constant-voitage/constant-current excita-
tion, guarded input structure with =350V
common-mode capability, 210V and tape out-
puts, automatic wide-range bridge balance and
four-pole Bessel low-pass filters.

od Z400 Signal
voiem offers high
nding environments

2

A basic system consists of a Model 2401 Mas-
ter Unit which accommodates up to eight (8)
Model 2410 Signal Conditioning Amplifiers.
The system may be expanded to 256 channels
by adding a Model 2402 Expansion Unit for
egach additional eight-channel rack. The system
may be expanded beyond 256 channels by
using an additional IEEE-488 address or
RS-232 port.

Each masterand expansion unitishousedina
standard 19-in (483-mm) rack adapter which
occupies7in(178 mm) of rack space. Attractive
panels are supplied with each rack unit for
those applications where tabletop mounting is
desirable. Expansion units may be separated
from the master unit and from succeeding
expansion units by up to 100 ft (30.5 m).




Input/output signal, control, and power con-
nectors are mounted on the rear panel of the

to enabie the operator to easny determine the
channpelstatus: .. . . —

_~rack_mounting_assembly._All_mating-connec-

tors (exceptsignal output) and power cords are
supplied. Installation or removal of individual
channel modules ‘is accomplished from the
front of the rack without requiring rear access
or removal of mating connectors. An optional
rack-mounted power control panel is available
to provide front-pane! access to the power
switch.

Programmable functions and status outputs
are compatible with the IEEE-488 and/or
RS-232 protocoels. No additional hardware is
required to operate in either mode. Individual
channels may be addressed, or an “all-channe!”
command may be utilized to address every
channel simultaneocusly for fast initial setup.

All programmed functions may be read back
from individual signal conditioners at any time
without altering any programmed setting.

[n addition to the user-selected settings de-
scribed below, the following flags are provided

Excitation ON or OFF
Autobalance ON or OFF
Autobalance Range Low or High

Autcbalance Sequer*ce inrange
or Overranga

¢ Excitation Constant- Vol;age cr
Constant-Current

Input de-couplad or ac-coupled
Addressed Channel Valid or Invalid
o Power Interrupt

e 9o o O

A hardware reset capability is provided so
that the amplifier will power up with the excita-
tionreducedto zero. This capability guarantees
that sensitive strain gages or other input de-
vices will not be damaged by high excitation
voltages {or currents). Likewise, a power inter-
ruption will cause all programmable functions
to reset to the off state and will set the pcwer-
interrupt flag. .

° Set -up and momtorlng of all channel

with IEEE- 488 or RS- 232 communfca- o
‘hons link..

OA-'PIug -in amplmer de5|gn amplmers are
removable from the master unit without
affecting mpu!/output connectlons

° 'Programmable constant- voltage or "
constant-current excllation 0,25 to -
1575Vor1 0.to 63 mA. i '

‘Vac or de.

‘o Fully guarded mput ampllﬁer, :t350Vdc
or peak ac common- mode operatmg
_voltage. Y -

e Full-power bandw;dth of 100 kHz a! all
- gain settings; slew rate ot 6.3 V/usec,

Fea&wes

‘e Programmab!e four-po!e Bessel low-pass

input parameters from any host computer
. .~10 Hz, 100 Hz, 1 kHz and 10 kHz.

filters with cutott frequencies of 1 Hz,

- Two simultaneous buffered outputs;
- 10V and tape 1.0 Vrms; will drive up to
" 70.15 uF without instability.

Stable, proprietary bridge completion

- module for quarter- and hali-bridge 120-
and 350-ohm strain gage and transducer
circuits. . .

“120-0hm dummy easily configured for
- 1000-ohm complehon

~'Built In programmable shunt callbration
circuits; internal user-seiectable configu-
rations to provide two-point shunting of
7 any bridge component or two-point dou-
ble shunt calibration of transducers.

Documented system software commands
for maximum flexibility of user
‘programming.

' Initial set-up programs provided for
sysiem checkout.




INPUT

Input Impedance:
de-coupled: 22 MIY
ac-coupled: 1.1 uF in series with 20 k{1
low frequency cutoff (3 dB) 8 Hz nom.

Source Current: =10 nA typical, £20 nA max.

Configuration: 2- to 10-wire plus guard shield to accept quarter-,
hall-, or {fuil-bridge strain gage or transducer inputs, Internaj
bridge completion with temperature stability better than
3.0 ppm/°C for dummy 1200}, 3501}, and 10000 completion
gages and internal hal! bridge. Accepts inputs from ground-
referenced cr isolated devices.

Ditferential Input: Maximum differential input voltage of £30 Vde
or peak ac.

Commen-Mode Input: Mazimum common-mode input voltage of
+350 Vdc or peak ac.

Guard Impedance: >250 k(] to output commeon; >1000 M to
power and rack ground.
AMPLIFIER

Gain: 1 to 3000. Coarse Gain Steps X1, X10, X100, X200. Fine
Gain G to 15, 16 sieps incremental. Qverall accuracy £0.2%.

Linearity: =0.02% of full scale at de.

Frequency Rasponse:
de to 100 kHz: 3 0.2 dB at all gain settings and full output;
dc to 50 kHz: 0.5 dB max at all gain settings and full output.

Siew Rate: 6.3 V/usec min at all gain settings.
MNaise; (35011 source impedance, de-coupled).
Referred-te-lnput (RTI):
T uv 1 Hz to 10 Hz p-p;

2 14V 0.1 Hz to 100 Hz p-p;
3 1Y 0.1 Hz to 100 kHz rms.

Digital
Control
Board

“Plggyback-mounting” of the Model 2410°s printed circult boards atfords compac
deslgn, yet provides for easy access when inlernal configuration changes ar
requirad to meet speclfic test applications.

Model 2410 Sign;

Referred-to-Outpu (RTO):
FG = fine gain setting
200 puV + (FG x 100 uV) 0.1 Hz to 10 Hz p-p;
500 pV + (FG x 200 uV) 0.1 Hz to 100 Hz p-p;
600 uV + (FG x 300 uV) 0.1 Hz to 100 kHz rms.

Zero Stability: £2 gV RTL +£200 pV RTO at constant temp.

Temperature Coefticient of Zero: +1 pV/°C ATI
1200 puV/°C RTQ; -10° to 60°C,

Common-Mode Rejection:

GAIN CMR (d8) GAIN CMR (dB)
X1 B2 X100 122
X10 102 X200 128

Common-Mode Voltage: +350 Vdc or peak ac, max operating.
Standard Qutput: 10V @ 10 mA max.
Tape Qutput: 1.0 Vims @ 10 mA max.

Output Isolation: isclated trom power and rack ground;
>1000 M0,

Output Protection: Protected against continuous short.
Capacitive Loading: Up t0 0.15 uF.
Filter: Four-pole Bessel low-pass filter with selectable
3 dB bandwidths of 1 Hz, 10 Hz, 100 Hz, 1 kHz and
10 kHz.
CONSTANT-VOLTAGE EXCITATION
Range: 0.25 to 15.75 Vd¢ @ 85 mA max, 0.25Y increments.
Accuracy: £0.10% =5 mV.
Noise: 100 4V £0.002% p-p dc to 20 kHz *

Line Regulation: 200 uV +0.01% max for line voltage changabl
10% from nom. :




Conditioning Amplifier
EI_CATIONS-

N

——

v

Load Regulation: £200 uV +0.01% max for load variation of 10%
to 90% of full foad.

Remote Sense: Excitation error <0.0005%/() of lead
resistance. .

Temperature Stability: £0.01%/°C.
Monitoring: Front-panel ménitoring jacks.
dsoietion: dsodater droouonw e o o Ercl e oo
floats with Guara.
CONSTANT-CURRENT EXCITATION

Range: 1.00 to 63.0 mA dc. 1.0 mA increments. Compliance
voltage 15.75V; max open circuilt voltage 21.0V.

Accuracy: £0.10% £5 uA,
Noise: (1 uA + 10uV) p-p; dc to 20 kHz.

Line Regulation: %1 uA +0.01% max for line voltage change of
110% from nom.

Load Regulation: £1 gA +£0.01% max for 100% load change.
Monitoring: Front-pane! monitoring jacks.

Isolatlon: Isolated from power ground and output commaon; floats
with Guard.,

Temperature Stability: £0.01%/°C

AUTOMATIC BALANCE
Method: Electronically injected automatic balance.
Activation: Programmable.

Storage: Digital storage with battery backup, Battery life
2 to 4 years.

Balance Time: 4 seconds typical; 8 seconds max.

Constant-Voltage/Constant-Cu rrent
Excitation

Range: £15 0C0ue (7.5 mV/V) AT! Low Range;
+45 000ue€ (22.5 mV/V} RTI High Range.

Resolution: 0.51€ RTI Low Range; 1.5u¢ RTI High Range.
Accuracy: £3-mV RTO; £3 ue RTI,

NOTE: Range, Resolution, and Accuracy specifications agply to
gain ranges of X10, X100, X200, On gain range of X1, all RTI
.-specifications are multipied X10

CALIBRATION

Four internal shunt calibration resistors, £0.1% tolerance:

174.8K  1000u¢€ (0.50 mV/V) 3500 (2 each)
874.8K  200ue (0.10 mV/V) 3500
59.94K 1000u€ (0.50 mV/V) 1200,

Internal selector switches for selection of two-point unipolar,
bipolar, or two-point double-shunt calibration circuits.

External static or dynamlc calibration signals are also program
selectable.
ENVIRONMENTAL

Temperature:
Ogperating Range -10°C to 60°C;
Storage Range -20°C to 70°C;
Humidity to 95% without condensation.

SIZE
569H x1.87 Wx 2037 D in (145 x 46 x 518 mm).

WEIGHT
2610 (1.17 kg).

All references to microstrain assume a gage factor of 2.00.
All specifications nominal or typical at +25° C unless noted.

Internal Half-Bridge Jumper

CAL Resistars

-y v‘u_wf'ﬁ?

tEREIR
Calibration Board

Fuses




Model 2401 Master Unit

The Model 2401 Master Unit contains the system
control circuitry. it accepts up to eight (8) Model 2410
Signal Conditioning Amplifiers and provides the required
input/output rear-pane! connections. The front panel
has sitk-screened channel identification (0 to 7). The
masterunitis attractively styled for tabletop mounting,
oritcan be rack mounted in astandard 19-in (483-mm)
equipment rack. '

Specifications

tnput: input plugs are provided for eight
Model 2410 Amplifiers.

Connector to

Output: Standard (+£10V) and tape (1.0 Vrmas)

Expansion Unit
output for each channel; BNC receptacle.
Compuler Connector for interfacing to RS-232 port.
Interface: Connector for interfacing to |IEEE-488
bus.
Power: 115/230 Vac, 50-60 Hz, 120W max
Fuse: 1.5A, 3AG (115V) or 3/4 A, 3AG
{230V). ) e
Size: THXx19Wx21.50in(178 x 483 x 546 mm).
Weight - 17 b (7.7 kg).

Power Switch

e Rear :
|EEE-488 Bus RS-232 Port

[EDIC, S. A. DE C. V.
‘EQUIPOS DIDACTICOS INDUSTRIALES

Y CIENTIFICOS, S. A. DE C, V.

R. F. C. EDI-B91208-PGA

CAIRO No. 251 COL. EL RECREQ
C. P 02070  MEXICO, D. F A7 :

TEL. 561-80-04 FAX 343-50.7 ¢

Model 2402 Expansion Unit

The Mode! 2402 Expansion Unit aliows the addition
ofuptoeight (8) Model 2410 Amplifiers to a system. All
required control and interface circuits are included.
This unit can be stacked for tabletop mounting with the
Model 2401, or rack mounted. The Model 2402 is sup-
plied with pre-numbered, reusable “customer-installed”,
self-adhesive channel identification strips.

Front (Rear Pane!

Specifications In_put/Output Arrangement
P _ Similar to Master Unit)
Input:  Input plugs are same as the Model 2401,
Qutput: Same as the Model 2401, . Reusable Self-Adhesive
‘ i Channel ldentification
Specifications for Power, Size, and Weight are same as the Strips — Provided for :
Model 2401. Both Front and Rear Panel

on Expansion Units.




Programmable Functlons

Commumcatlon with the 2400 Systemis accom--

the Model 2401 Master Unil. All commands are
well documented to provide sufficient informa-
tion for developing user-written programs.*

INPUT

Selectable input configurations are:

e Standard — connected to the external S+, S- bridge
input;

& AUX 1 — connected to the external auxiliary
input #1;

& AUX 2 — connected to the external auxiliary
input #2,

The auxiliary inputs are connected through the rear-panel
input connector, Inputs may be dynamic signals for calibra-
tion of recorders, oscilloscopes and other devices, or direct
current calibration voltages within specified accuracy limits.
Also, an auxiliary input can be shorled to provide a reliable
amplifier zero reference point.

[ AMPLIFIER GAIN

Coarse Gain (CG) steps of X1, X10, X100, X200.
Fine Gain {(FG) steps of 0 to 15,

Total amplifier gain is the product of CG and FG. Overall
accuracy £0.2%.

A fine gain setting of zero alows operator to observe output
- noise independent of the input circuit.

CALIBRATION

Two low-thermal EMF, shielded, guarded relays are util-
ized, Selectable configurations are:

® Calibration OFF

® ShuntCal A

& Shunt Cal B

® Shunt Cal A & B simultaneously

Fourshunt calibration resistors are provided for calibration
of 350N and 1204 bridges. These resistors are easily change-
able (without soldenng) s0 that user-selected values can be
substituted as desued

Board- mounted dlp switches allow the user to select any
desired calibration.configuration for Shunt Cal A and Shunt
Cal B; i.e., shunt dummy resistor, shunt active gage, shunt
internal half bridge, etc. Also, the relays can be configured to
shunt remote or local resistors across external bridge com-
ponents or transducers as in double- shum calibration of
transducers.

External calibration sources can be used by connection to
the auxiliary inputs.

*A demonstration program for initial setup and
controt of all programmable functions, through
the RS-232 port, is provided with each system.

——EX'C'I’T'A'TI'O*N”

Constant voltage or constant current excitation is selected
by a board-mounted toggle swilch. A status bit is set to allow
operator monitoring of the existing setting.

Constant voltage, 0.25 ta 15.75 Vdc in 0.25V increments,
85 mA max,

Constantcurrent, 1.0to 63 mA in 1.0 mAincrements, 15,75V
compliance voltage, 21.0V max.

A separate on/off function reduces excitation to zero with-
out altering the previously programmed excitation tevel, with
the on/off status available for review.

FILTER AND OUTPUT

Selectable four-pole Bessel low-pass filters of 1 Hz, 10 Hz,
100 Hz, 1 kHz and 10 kHz are provided. The wideband (WB)
output can also be selected.

Outputs of £10V and Tape (1 Vrms) are standard. The
filtered or WB output can be independently routed to the
+10V and/or the Tape output by the filter program command.
For example, a wideband tape output may be viawed or
recorded while the £10V output is used for monitoring quasi-
stalic or filtered signals.

Both outpuls are capable of driving large capacitive loads
as ir} the case of long coaxial cutput cables.

AUTOMATIC BALANCE

The autobalance circuit provides balance ranges of
+15 000ue€ (7.5 mV/V)and £45 Q00U € (22.5 mV/V}, with reso-
lutions of 0.50 € and 1.50 ¢, respectively. The autobalance
circuit is fully programmable.as follows:

OFF : Autobalance injection voltages are removed. In
this mode, raw input unbalances may be read
and the input circuit evaluated.

ON-LOW Aufobalance voltages are injected and the low
(£15 Q00u¢€) range is selected.
ON-HIGH  Autobalance voltages are injected and the high

(+45 000uL€) range is selacted.

ON-Restart The autobalance voltage is reset to zerg, and a
new autobalance sequence is initiated.

The autobalance circuit is fully ratiometric. Injected volt-
ages are derived from the sensed (local or remote) voltages.
Also, when constant current excitation is used, the auto-
balance circuit remains fully ratiometric and undesirable
fixed offset voltages are not used.

Status “flags” are provided to aliow monitoring of auto-
balance range (low/high}, autobalance on/off, and auto-
balance overrange.

Autobalance readings are stored and memory is battery
backed. Battery life is 2 to 4 years.
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miodel 2120A

Atwo-channel plug-in module which includes bridge
completion, bridge balance, amplifier, amplifier bal-
ance, excitation regulator and shunt calibration.

FRONT
21200 o
. LED DISPLAY: Setup/indicator
_Cuieul _oun '/ (or amplifier balance. bridge
e e ? e @ Lgs) balance, tension/compression.
EalanNCE

HALANCE

IPLLR

.

BRIDGE BALANCE:
Resistively balances the bridge;
standard locking knob; digital
locking knob ("K™ oplion).

GAIN RANGE AND VERNIER:
Varies amplifier gain between

i s . 1 s 1-2100.

0 TR ‘
ool A OGE A BRIDGE EXCITATION: Varies
B TG tW

EXCIT CAT
[o1H A

o~
O\

c ©
ExCIf Cal
Lo 1) a

Ciaatt gt
£ 9T B

Ore 3

Ylarirs LAl
LRSI It BT

AN G

REAR

)

oFs

HUaL v

INFUT
r+
[

an

bridge excitation between
0.5-12 vdce.

r AMPLIFIER BALANCE:
Adjusts amplifier offset. !

&
SHUNT CALIBRATION:
(2 points). '

BRIDGE EXCITATION {on/off):
Removes bridge excitation.

STAAIN GAGE/TRANSDUCER
INPUT: Guarter {120£1, 35011),
half, and full bridge.

_— OUTPUT: 10 Vdc, £100 mA,

POWER RECEPTACLE

SPECIAL PORTION OF PRINTED CIRCUWIT BOARD
RESISTORS AND JUMPERS

FOR SHUNT CAL!IBRATION

)ﬁ

Specifications

These specifications apply for each of
channels per mgdule.

INPUTS

BRIDGE
EXCITATION

BRIDGE
BALANCE

CALIBRATION

AMP GAIN
BANDPASS-

AMP
INPUT

ouUTPUT
OPTIONAL

FEATURE

SIZE

WEIGHT

two independent

Quarter {12001 and 35041), hatt and full bridge
(50-100011). .
Quarter-bridge dummy gages provided.

0.5 10 12 Vdc {adjustable for each channel}
with 1201} full-bridge lcad,

Short-circdit current: <40 mA,

Rippte, noise, ang 10% line change:
+2 mV max.

Load regulation: £0.2% no-load to 12002 load
{10% line change).

12000u € {quarter, half, or 35001 full bridge),
range can be changed by internal jumper to
+4000u € or 6000 €.

Two-poaition (center oft) toggle switch.

Standard factory-instalied resistors (£0.1%)
simulate £1000ue at GF=2.

1 to 2100 continuously adjustable, +0.5%. -

DC ta 5 kHz (min): -C.5 dB {-5%],
DC to 15 kHz: -3 dB.

Can be extended by internal jumper to:
OC to 17 kHz -0.5 dB;
DC 1o 50 kHz -3 dB.

Temparature Coeflicient of Zero:
1 uV/CRTIY, 2210 uv/*C RTO"";
-10° 10 +60°C (after 30 minute warm-up).

Noise RTI: (3501} source impedance)
1 uV p-pat0.1Hztlo10Hz,

2 uV p-p at 0.1 Hz to 100 Hz;

2 pVrms at 0.1 Mz 1o 50 kHZ,

Noise RTO:

50 uV p-pat0.1 Hz to 10 Hz;
80 uV p-p at 0.1 Hz to 100 Hz;
100 uVrms at 0.1 Hz to 15 kHz;
200 puvrms at 0.1 Hz to 50 kHaz,

Input iImpedance: >100 M{] (balance
limit resistor disconnected).

Common-Mode Rejection: {dc 1o 60 Hz).

Gain Multiplier CMR (dB)
X2 67
X20 87
X200 100

Source Current: £10 nA typical; £40 nA max.
£10V (min) at 100 mA.
Current fimit: 140 mA,

May be ordered with, of be field upgraded
tor, remote-operation relays tor control of
shunt calibration and excitation (off). Remote-
operation capability is required in the Model
2150 or 2160 also. Contact Measurements
Group for details.

525HXx294Wx 1097 Din
(133 x 75 x 279 mm).

221b(1.0kg).

*Relerrod to input *"Referrad to output

All specifications in this bulletin are nominal or typical
at +23°C unless noted.



Model 2110A Power Supply

=104 0

e

BRIDGE-VOLTS METER:
Used to set up/monitor
bridge excitation, also line
and power supply levels.

A piug-in module capable of powering up to ten channels
(five Model 2120A modules) at maximum rated voltage or
current. Provides initial bridge and amplifier voltages. All
supplies are current-limited against amplifier malfunction.

CHANNEL SELECTOR:
AC monitors AL line input.
DC monilors the power
suppiies, Positions 1-10
select and display bridge
excitation {or each
channel.

s —3
e HANNEL

PILOT LAMP:
Indicales main power.

r o
AR - e

EXTERMAL POWER SWITCH: Main

6“5 + PQ:’_“?“)/ power on-off.
' n .
TTSr——— EXTERNAL METER:
sed with an external
digital voltmeter to
precisely adjust
bridge excitation.

POWER
sSuPPLY

Specifications
OUTPUTS £15V at 1.2A and +17.5V at 1.1A; all ragulators
current-limite¢ against overload.
INPUT 107, 115, 214, 230 Vac +10% 50/60 Hz (selected
internaily),
Powar: 40W typical, 100W max.
METER 0 to 12 Vdc (with switch) 1o read bridge excitation.
Also AC input and DC output go/no-go monitor.
SIZE 525 H x 244 W x 1234 D in
(133 x 62 x 313 mmj).
WEIGHT 6.71b (3.1 kg).

Model 2130/2131 Digital Display

A plug-in module that provides real-time digital
reacdout on channel-by-channel basis. Will accept
and switch up to 10 inputs. Peak hold/retention
capability is provided.with the Model 2131. (The
Model 2131 is shown below.)

PEAK RESET: Provides
manual or automatic
reset.

DIGITAL DISPLAY:
3-1/2 Digit LED,
+1999 counts.

PEAK MODE ON:
On/olf switch.

PEAK MODE MAX/MIN:
Setector for maximum or
minimum peak mode.

CHANNEL SELECTOR:
Positions 1-10 select
input channel for display.

PILOT LAMP: indicates

B .
- main power.

PEAK READT
DIGITAL RE

POWER SWITCH: Main
power on-off.

EXTERNAL:
Front-panel jacks accept
input, typically bridge
voltage from 21104 external
meter jacks.

ATTENUATOR:
Atlenuates input signal
to increase measurement
range.

INPUT CAPACITY

SWITCH OUTPUT
UPDATE RATE
INPUT VOLTAGE
RANGE

INPUT IMPEDANCE

COMMON MODE

2131 SPECIFICATIONS

Specifications

2130/2131 SPECIFICATIONS

10 channals, BNC (rear panet).
1 channel, banana jacks {front panel).

Not attenuated, BNC (rear panel).
3 readinga/sec, nominal,

+1999 mV (X1 range) — 2130/2131.
+19 990 m¥ (X10 range) — 2130.
10V (X10 range) — 2131,

100 k) — 2130,
Greater than 1 M{T — 2131,

£100 mV {rear-panel input) min — 2139,

INPUT RANGE 10V (rear-panel input) — 2131,
ACCURACY +(0.05% reading +0.05% full scale)
or better (Peak Mode Off — 2131).
SIZE 525H x 294 W x 10.97 Din
(133 x 75 x 279 mm).
WEIGHT '21b (0.8 kg).

STEP/INPUT +5 counts for 10 msec full-scale

RESPONSE step input (worst case).

STORAGE STABILITY  £3 counts/min (max).

PEAK MCDES MAX (usuaHy positive) excursion and
MIN (usually negalive) excursion,

PEAK RESET Manual or Automatic.




Mode! 2111 DC-Operated Power Supply |

A plug-in module capable of powering up to eight
channels (four Model 2120A modules) at maxi-
mum rated bridge voltage and output current, or
uptotenchannels when maximum bridge voltage
and output current are not required. The 2111
functions similarly to the 2110A Power Supply,
with the exception of the 12 Vdc nominal input
which supports battery operation onty. The front
panelissimilarin appearance to the Model 2110A.

Specifications

+15 Vde at 1.0A and +17.5 Vde at 1.04; outputs
are protected against overload.

OUTPUTS

INPUT 12 Vde nominal ($ to 18 Vdc range).
Power: 60W max; 78% efticiency at full load.

Reverse polarity protection: Internal
shunt diode.

METER 0 to 12 Vdc {with switch) to read bridge
excitation.

DC output go/nc-go moniter.

SIZE 525Hx 244 W x 1234 Din
(133 x 62 x 313 mm).

WEIGHT 3.01b (1.4 kg).

Model 2150 Rack Adapter, Model 2155 E'nclosure,
and Model 2160 Portable Enclosure

Model 2150: A prewired rack adapter which accepts
one Model 2110A or 2111, and any combination of
five Model 21204, 2130, or 2131 plug-in modules. It
has its own fuse and power cord and can be housed
in any standard 19-in (483-mm) electronic equip-
ment rack.

2150 REAR

Model 2155: A sturdy cabinet (shown on front cover) for .
enclosing a complete eight- or ten-channel system for
free-standing operation, while providing additional
mechanical protection and increased portability. A Model
2150 is required.

Model 2160: A prewired, fused enclosure which houses
orne Model 2110A or 2111, one 2130 or 2131, and one
2120A module. A carrying handle ensures maximum-
portability. An additional snap-down bail support on the
bottom can be used to elevate the 2160 for excellent work
efficiency during bench-top operation. The Mode! 2180
(shown with the 2110A, 2131, and 2120A modules) would
be substituted {or the Model 2150 when two or four chan-
nels and maximum portability are required.

Specifications
2150 SPECIFICATIONS

POWER 2-% {0.6-m) 3-wire line cord;

10-% (3-m) extension available.
Fuse: 1A size 3 AG {32 x 6.5 dia. mm).

Receptacle to accept line cord from adjacent
2150 Rack Adapter.

SIZE S525Hx19Wx 1417 Din (133 x 483 x 360 mm).
WEIGHT 6.6 1b (3.0 kg).

2155 SPECIFICATIONS
SIZE ‘ 525H x 19W x 13 D in {133 x 483 x 330 mm).

WEIGHT 18.8 |b (9.5 kg,

2160 SPECIFICATIONS
SiZE K 555Hx8.75Wx13.800in (141 x222x 350 mm),

WEIGHT 521b (2.4 kg).
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2100 Systen
with /0 Devices
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Recorder Recarder Tape
Recorder

The 2100 System provides better data ...

A separate bridge power switch removes bridge excita-
tion, enabling the operator to detect unwanted signals due
to electrical interference and/or noise, thermocouple
eftects, and shifts of the instrument zero during a long-
term test. This feature is an absolute must for dynamic
testing, and for validating test results.’

An adjustable bridge excilation control on each channel
permits excitation to be set as specified by the strain gage
or transducer manutacturer. It also allows for any special
consideration which may be dictated by the test material;
forexample, the poor thermai conductivity normally asso-
ciated with plastics.

In addition to adjustable bridge excitation, each channel
has its own regulator circuit. This prevents interaction of
adjacent channels during setup or operation. :

Each channel has a continuously variable gain control.
In combination with recommended excitation, the inde-
pendent gain control can provide a large output signat so
that small signals can be resolved withou! overpowering
the strain gage or transducer.

An LED display for each channel gives positive indica-
tion of amplifier and resistive balance. This capability
accelerates setup, minimizes the risk of destroying gatva-
nometers, and verifies tension/compression loading.

Easily read reference marks on the setup meter indicate
acceptable line voltage and proper operaticn of interna!
power supplies.

A switch contained in the Model 2110A Power Supply
allows adjustment when the line voltage is too high or too
fow.

The 2100 System provides true quarter-bridge, three-
leadwire capabilily, including internal dummies and suffi-
cient plug connectiens for remote shunt calibration.

A convenient network in the Model 2120A Strain Gage
Conditioner/Amplifier allows the operator lo change the
factory-supplied shunt values as wellas shuntanyarm of
the bridge, as required.
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DESCRIPTION

The BAM-1 is a battery-powered universal strain measuring

FEATURES
instrument and signal conditioner containing a DC amplifier,

bridge completion, and indicating meter, Additional features 0 Statlc and Dynamlc Measuring Capability

inciude a separate bridge excitation switch, variable gain controf,
initia! bridge balance control, shunt calibration switch, and ampli- . Battery Operation with AC °p“°“

f'eg’tb?}aﬂce control. t de direct! e inst : 0 Separate Bridge Excitation Switch plus
atic measurements are made directly on the instrument's :
analog meter. If desired, a standard digital voltmeter can be used ~Variable Galn Control
with the BAM-1 to provide a digital output. o DC to 20 000 Hz std.
For dynamic testing, two outputs are provided: The SCOPE 100 000 Hz with "B" Option
signal provides DC to 20 000 Hz at high source impedance, while
the METER signal is a low source impedance output for oscillo- o Bullt-in ITen POI'“ Shum Calibratlon

graphs. The dynamic range can be increased to 100 000 Hz by
specifying Option B (BAM-1B).

An independent bridge power switch makes the BAM-1 an
excellent instrument for long-term testing. With this feature,
amplifier balance can be checked and corrections made at any time during a test by temporarily turning off bridge power and
resetting the amplifier balance if the output has deviated from zero. Thus, during long-term measurements, the user has the ability
to electrically maintain the original zero of the instrument, and separate any instrumentation grift from the desired test measure-
ment signal.

Calibration of the BAM-1 for static or dynamic work is accomplished by using a ten-point shunt CALIBRATION switch, and
system GAIN (span) control. The GAIN control is adjustable over a wide range by changing bridge excitation and, in the case of
static measurements, by attenuating the meter signal. The BAM-1 can be adjusted to read directly in strain, psi, or any other
desired engineering unit.

Applications with the BAM-1 or BAM-1B include measuring or monitoring signals from strain gages, transducers, temperature
sensors, and thermocouples on an oscilloscope, oscillographic recorder, or directly on the meter of the instrument.

SPECIFICATIONS

INPUT CIRCUITS CALIBRATION
Strain gages/transducers, 50 to 200011, and thermocoupies. Tan 1% shunt-calibration resistors,
Hall or full bridges; 12001 quarter- brldge oparation with the provided 1200 Haif or Quarter Bridge: Simulates +20 to 20 000u2€ {(GF=2)"
dummy {internal) resistor, by shunting internal 4000 half bridge.
Bridge Balance: Ten-turn potantiometer with counting dial, 8% for half Full Bridge: Shunts one arm of exiernat bridge,
bridge, ar 7% tor 3500 fuil bridge. - METER *
BRIDGE EXCITATICN Taut Band Movemant, Linearity: 1 grnduntlon.
Half or Quarter Bridge (excitalion per gage): 12003, 0.25 to 2.5 Vdc; Scale 3.5 in (89 mm), 100 tot‘al graduations; with mirror.
3500, 0.7 to 5.6 Vde. Sensitivity attenuated 15:1 with GAIN control.
Full Bridge: 12001, 0.5 to 6 Vdg; 35010, 1.4 to 9 Vdc. SYSTEM SENSITIVITY USING METER
Gage Currant: Max 25 mA dapanding on gage rasistance and GAIN setting Mall or Quarter Bridge, 1200, 1 actlve gage, GF=2; £100 10 £15 000ue F.S.
using recommendsd procedures. Full Bridge: 1201, £0.1t6 10 my/V F.8.
AMPLIFIER 3500, +0.05 10 £4 mV/V F.S,
Direct-coupled, solid state. DC Input: £350 to 5000V F.S.
Balanced ditferential input, approximately 20kfl impedance. POWER SUPPLY
Noise: 2uVrms RTI Internat Batterips {standard): Two 6V NEDA No. 920, 200 hr;
Stabifity: Z1uW/hr max al input atier 1/2 hour warm-up. Ona 22-1/2V NEDA No. 710, 500 hr.
Drift: £0.5MV/°F max at input (32° ta 77°F) PHYSICAL
[X0.9pV/°C max at input (0* to 25°Cj]. Waeight: 12 1b (5.4 kgJ with batteries.
£25pV max at Input from turn-on and 32* 1o T7°F Case Dimensions: 9L x 9 W x 10 H in (228.8 x 226.6 x 254 mm).
(0° to 25° C} change.
Gain: 125 at SCOPE jack; 250 at METER |ack.
Bandpass (-0.5 ¢B or 5%): SCOPE jack DG to 20 000 Hz; ACCESSORY
METER jack DC to 2000 Hz. AC Power Pack (replaces battaries): Model 4008, 115 Vac, 50-60 Mz, 2W;

OCulput Impsdance: SCOPE 30k0 aingle ended; METER 25001 ditfarential, Model 40082, 230 Vac, 50-60 Hz, 2W.

Linear Qutput: SCOPE 3V Into 500k () load;.
METER £5V into 100k{} load, or £0.5 mA into 1kl or jess.

All specifications nominal ot typical at +23° C uniess noted.

The Measurements Group is a leading supplier of strain gage instrumentation. Available instruments include portable
indicators, signal conditioners/amplifiers, strain gage installation tester, instrument calibrator, and sophisticated
computer-controlled systems for the acquisition, storage and reduction of test data. Cali or write for all of your strain
gage instrumentation needs.

.—v--.-".m-um- s

EASUS ¢ 1 . A, DE C, V
EASUREMENTS 2 45y 2o ¢ s C. V.
ngﬂoup %,G'Jif-‘“‘ MDACTICOS s“ﬂ{l‘i'!‘ﬁiC.LES
HTFICOS, S A DD GV
S D G AR N &'J."r =]

LR

MEASUREMENTS GROUP, INC.
P.O. Box 27777

Raleigh, NC 27611, USA

fa19), 365 -3800 ® Telex 802-502 ® FAX (919) 365-3945

R

873118HP
Printad in USA

C2ar S ks
170 s e’ru'u.“




e
R
PN

b I

o
=

RN P

i K

D
=

7L
o

Q

Ty

I

B
.
i

i
T

.

i X p
4L . RN
: : LN A
& ; e N SR
) : it L 7

el

o

h 4 A ¢




This instrument is designed to simultaneousty display
poth the maximum (most positive excursion) and mini-
mum (most negative excursion) values of a transient
waveform. The primary application is to display the peak
values of dynamic mechanical strains measured by strain
indicators such as the Measurements Group's P-3500 and
Model 3800.

A typical example of such usage is the measurement of
maximum forces developed in the structure of mechanical
presses during each load cycle. In this case, strain gages
are installed at appropriate locations on the press, and the
Model 3650 utilizes the analog output signal from the strain

indicator as its input signal. The Model 3650 is equipped-

with an extremely versatile system of meter display and
reset. which allows easy and accurate monitoring of the
vartable force occurring with each strike of the press.

While the Model 3650 is primarily intended to operate
from the DC anralog output signal obtained from suitable
strain gage indicators or conditioners, it may also be used
to capture and display dynamic voltage signals obtained
from other sources. so long as these signals lie within its
operaling range (typically, instrurments that provide an
analog outputin the 1.0 to 11.0-volt range).

The Model 3650 features dual LCD digital displays with a
full-scale range of 19999 counts. Color-coded push-
button controls are easy to use, and allow the operator to
determine the operating mode at a glance.

Theinstrumentis powered from an internal battery pack.

consisting of six alkaline "C" cells, which are readity
available anywhere in the world when replacement is
required. Battery life is approximately 250 hours of continu-
ous use. An external line-voltage adapter is also available
(115 0or 230 Vac, S0 to 60 Hz).

As a dynamic analog signalis fed into the Model 3650, an
instantanecus comparison is made to the previously
stored values. When the stored values are exceeded, they
are immediately replaced with updated values and dis-
played. The new values are retained until they are
exceeded, or reset occurs.

Reset is accomplished either manually with a push-
button switch, automatically by a selectable timing circuit,
or externaily by contact closure or TTL low-logic level.
Reset simply changes the stored values to the values of the
input signal.

For suppression of voitage transients {noise), often
encountered during strain gage measurements in shop
environments, a four-pole Bessel low-pass fiter with
switchable cutoff frequencies from 2 to 4000 Hz is built into
the instrument.

. To measura the amplitude of dynamic voltages,
the use of peak-capturing meters, such as the 3650, -
often requires special precautions to ensure that the .

" input signal is sufficiently “clean” (free of noise), and -,
that the signal duration is sufficient to permit proper ;.
measurement accuracy. While the Mode! 3650 dem- ; :
onstrates repetitive accuracies approaching’ 0.1% =

.-durmg calibration on ideal waveforms, such accura- ;
cies should not be expected in practical dynamic
stram measurement. Because of parasitic. strains =
from loose or badly fitting parts of a moving
structure, excessive electrical noise, etc., practical -
repetitive peak measurement accuracies may range .-
from 0.5% to 5%, or even 10%, of the transient
maximum strain vatue. ]

it should also be noted that the “response time" of
this instrument, which determines the minimum
duration of the pulse that can be measured with
suitable accuracy, has been designed for typical
dynamic mechanical phenomena. The Mode! 3650 is
therefore not generally intended for high-speed
electrical waveforms that are of interest in various -
electronlc cnrcmt developments

(+)

=]
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i The Model 3650 simuitaneously displays both the maximum (most positive excursion) and minimum {most
negative excursion) vaiues of a transient waveform, as illustrated in the above diagram.




FEATURES

* Simultaneous display of hoth the

- maximum and minimum values of a dynamic input signal.

* Maximum and/or minimum disglay can be independently or simulta-
neously reset by manual push buttans, externally generated reset pulse, or periodic automaltic internal reset.

* Selectable four-pole Bessel low-pass filler to discriminate against undesirabte high-frequency

interference.

* Color-coded push-button controls for simple operation and minimum operator training.

* Compatibility with most instruments that provide an analog output signal.

SPECIFICATIONS

Range and Display:

Dual direct-reading liquid crystal display. 19999 counts
full scale.

Overload Indication: All-zero display with two flashing
columnar indicators.

Sensitivity:

+1.0to £11V nominal for full-scale indication {+19999

counis).

Resolution:

1 count, 50 to 550uV.

Accuracy:

Step Input: £0.1% $4 counts for step input of >4 milli-
" seconds duration.

Repelitive Step Input; +£0.2% 14 counts for repetitive step
inputs of >200 microseconds dura-
tion. Number of steps required

4 milliseconds
~ Pulse Duraticn

Input Clrcuit:

Isolated; input impedance >>20000(2; either side may be
connected to system ground.

Hold Stability:

4 counts/minute maximum, averaged over 3-minute
period.

Reset Capability:

Independent or simultaneous reset of maximum and/or
minimum by manual push buttons; automatic timed
reset; or external contact closure orlow TTL level.

Size and Weight:

6 Hx9W x6Din/152x 228 x 152 mm).
5.51b(2.5 kg}.

All specifications nominal or typical
at +23°C unless noted.




Model 3650 Peak-Read Indicator, used
in conjunction with P-3500 Strain Indicator and $B-10 Switch and Balance Unit,
to measure peak strains on press platen during metal punching cperation.

Other applications include, but are notlimited to:

s Rolling Mills » Vehicle Testing o Structures Testing

¢ Ship Propellers ¢ Aijrcraft Landing Gear * Cranes, Derricks

* Production Machinery * Hydraulic Systems s Off-The-Road Machinery
* And More...

he Measurements Group is a leading supplier of strain gage instrumentation. Available instruments include portable indicators,
gnal conditioners/amplifiers, strain gage installation tester, instrument calibrator, and sophisticated computer-controlicd
ystems for the acquisition, storage and reduction of test data. Cal! or write for all of your sirain gage instrumentation needs.

- .
EDIC, S, A. D ¢, y)

EQUIPOS pIDACTICOS HOUSTRIALES ] MEASUREMENTS GROUP, R,

Y
CIENTIFICOS, S. A. DE ¢ y P.O. Box 27777
AEASUREMENTS A . C. £0i-801200.po, Raleigh 7611, USA
‘.:qnup‘ﬁ.:e.':nﬁm-n;.;:r‘ CA:RO f.‘«'O. 25? COL EL F’ PN ¢ elg ' NC 2 6 :
20! i vsey [CP 0070 wevee, o @1}@};”3 5-3800  Telex 802-502 ® FAX (919) 365-3945

\ESS {_JEL 5618004 Fax aagsgn )  o23216HP
v T Printec in USA



oy .h.n.;mhm_ a?
o




The SB-10 Swilch and Balance Unit provides
a convenient means for strain measurement
wiien more than one strain gage is involved.
‘While designed for use primarily with the
ficasurements Group P-35C0 Strain
Indicalor, the SB-10 can also be used with
ottvzr types of strain indicators.

Anupdaled version ol the time-proven 5B-1K
Switch and Ealance Unit. the SB-10 features
gold-platad push/clamp binding posts to
allow fasi, convenient, and reiiable
connection of input circuits, and individual
ten-iuin locking potentiomeiers with turns-
couniing dials for fine-balance adjustment.
Also available is the 5B-10L, a basic version
ol thg SB-10. l also features locking
peientiometers, but without urng-counting
dials. (88-10 {ront panel is shown)

The channe! selecior switch of the SB-10 has
negligible switch resistance. and provides an
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CHANNEL

open posiiion lo allow the use of additiona!l SB-10's with a single strain indicator. The $B-10 also :ncorporates a commaon

dummy position for use with olher than 120- o
Ruggedly built and lightweight, the SB-10is id

SPEGIFICATIONS

Circuits: 10 channels plus OPEN position.

Inpuls*: Will accept guarter-, half- or fuli-
hridye gircuils i any cambination,
including three-wire guarter bridges.

Batance Range™:

Cuarnier and

Hat Bridge: 2206004 with 3501 hatf vridge in
strain indicator.

Full Bridaa: 2020 lor 3504 hridge. Range
pioporticnal to bridge resistance.

Switching

Repeatability:  Beitar than 1ar for gage resistance
of 12011 or higher.

Size & Weight: 96 6 in (230 % 150 < 150 mmj.
5.5 1b (2.5 kg).

e nsed with Model P-3500

All specificalions nominal or lypical al -+23°C uniess noled.

r 350-ohm strain gages.
ea! for use in harsh field nvirocnments.

The Measurements Group is a leading supplier of strain gage instrumentation. Available instruments inctude porable

indicators, signal conditioners/amplifiers, strair

1 gage installation tester, instrument calibrator, and sophisticaled computer-

controlled systems for the acquisition, storage and reduction of test data. Call or write for all of your strain gage instrumentation
needs.
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FACTOR

The Model P-3500 Strain Indicator is a portable, battery-
peseered instrument with unique features for use in stress
analysis iesting, and for use wilh strain gage based trans-
ducers. The P-3500 offers a choice of L.CD or LED readouts,
and incorporates many unique operating features that make
it the most advanced and easy-to-use instrument of its kind.
inuse. the cperator fellows a logical sequence of setup steps
by activating color-coded push-button controts to prepare the
instiument for making accurate and reliable measurements.

" The P-3500 also incorporales a highly stable DC ampiifi-
er, precisely requlated bridge excitation supply, and precise-
iy settable gage factor controls.

Static measurements are displayed directly on the indica-
(7’3 readout with 16 resolution. An analog output with a
-3 dB bandwidth of 4 kHz is provided to drive an external
oscilloscope or recorder for dynamic measurements. The
insirument wilt accept full-, half-, or quarter-bridge strain
gage inputs, and all required bridge completion components
for 120. 350 and 1000(} gages are built in.

Bridge excitation is 2 Vdc, resulting in low gage power
and negligible drift due to gage self-healing. The P-3500
operates in fully ratiometric mode. Minute changes in bridge
excitalion cue to drift or battery deterioration do not affect
accuracy of reading.

Gage faclor is precisely settable (to a resolution of 0.001)
by a front-pane! 10-lurn potentiometer, and is displayed on
the digital readout when the gage factor push button is de-
pressed.

The P-3500 operates fram an internal battery pack cen-
sisting of six “D" cells, which are readily available worldwide
when repiacement is required. Baltery life is approximately

rgtmiﬁff!ENTS INSTRUMENTS DIVISION

RGUF,
RALEIGH, NCRTH CARQLUINA Usa

. STRAIMN INDICATOR -

BALANCE

250 to 300 hours of continuous use {approximately 200
hours with LED readout). Battery condition is monitored by a
miniature frord-panel meter while the instrument is on. An
external line-voltage adapter is also avaiiable (115 or 230
Vac, 50 to 60 Hz}.

An optional transducer input connector facilitates connec-
tion of four- or six-wire strain gage based transducers. The
P-3500's unique remote-sense feature is operational when-
ever the remote-sense leads are connected, and no switch-
ing is required. A remote catibration resistor is also accessi-
ble via a contact closure at the transducer connector.

FEATURES

» Choice of 4-1/2 Digit LCD or LED Readout

« Direct Reading of Strain, Pressure, Torque. Load.
and Other Engineering Variables

» Battery or Line-Voltage Operation
‘¢ Convenient Color-Coded Push-Button Controls

* Gage Factor Setting (to four significant digits)
- Displayed on Readout °

- Quarter-, Haif-, and Full- Bridge Circults
Built-in 120, 350 and 10001} Bridge Compietion =
Separate Bridge Excitation On/Off Controt
+ Transducer Connector with Remote-Sense
+ Balance by Voltage Injection
» Analog Output
+ ANSI/SEM Color-Coded Bridge Connection Termlnals
Portable, Lightweight, Rugged for Field Use

': .:-'_
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COMPANION_SWITCH

MODEL $8B-10

FOR THE MODEL P-3500

The SB-10 Switch and Balance Unit features goid-plated
push/clamp binding posts to allow fast, convenient, and reli-
able connection of input circuits, and individual 10-turn poten-
tiometers with turns-counting dial for fine-balance adjust-
ments. :

The channel switch of the SB-10 has an OPEN positien to
atiow the use of additicnal SB-10's with a single P-3500 Strain
Indicater. The SB-10 also incorporates a common dummy
pasition for use with other than 120, 350 or 1000(} gages.

The combination of a P-3500 and SB-10 allows the operator
to intermix, in a single 10-channel system, quaster-, haif-, and
full-bridge circuits. This feature is not found in most portable
strain gage instrumentation.

Quarter and half bridges of the same resistance (e.g.. all
120 or all 35041} can be intermixed in any combination without alter-
ation of either instrument. [f the installation makes use of beth 120 and
350¢} gages, it is necessary only to connect to the dummy binding
post corresponding to the setected gage resistance as the channal is
changed. .

Full bridges can also be intermixed in any combination. In this case,
the operator needs only 1o depress the P-3500 BRIDGE push button
to FULL position when a full-bridge channel is selected.

FEATURES

10 Channetls plus OPEN Position
Gold-Plated Push/Clamp Binding Posts
Rugged, Lightweight

Intermix Quarter, Half and Full Bridges
Negligible Switching Resistance
Switching Repeatability Better than 1ue¢
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The Model P-3500 Strain Indicator is a portable, battery-
powered instrument with unique features for use in stress
analysis testing, and for uge with strain gage based trans-
ducers. The P-3500 offers a choice of LCD or LED readouts,
and incorporates many unique operating features that make
it the most advanced and easy-to-use instrument of its kind.
In use, the operatoer follows a togical sequence of setup staps
hy activating color-coded push-button controls to prepare the
instrument for making accurate and reliable measurements,

The P-3500 also incorporates a highly stable DC amptifi-
er, precisely regulated bridge excitation supply, and precise-
Jy settable gage facter controls.

Static measurements are displayed directly on the indica-
tor's readout with 1ue resolution. An analog output with a
-3 dB bandwidth of 4 kHz is provided to drive an external
oscilloscope or recorder for dynamic measurements. The
instrument will accept full-, half-, or quarter-bridge strain
gage inputs, and all required bridge completion components
tor 120, 350 and 1000() gages are built in.

Bridge excitation is 2 Vde, resulting in low gage power
and negligible drift due to gage seli-heating. The P-3500
operates in fully ratiometric mode. Minute changes in bridge
excitation due to drift or battery deterioration do not affect
accuracy of reading.

. Gage factor is precisely settable (to a resolution of 0.001)
by a front-pane} 10-turn potentiometer, and is displayed on
the digital readout when the gage factor push button is de-
pressed.

The P-3500 operates from an internal battery pack con-
sisting of six “D" cells, which are readily available worldwide
when replacement is required, Battery life is approximately

MERsDRements tNSTRUMENTS DIVISION
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P-3500

STRAIN INDICATOR

- BALANCE

250 to 300 hours of continuous use (approximately 200
hours with LED readout). Battery condition is monitored by a
miniature front-panel metar whil@ the instrumant is on. An
external line-voltage adapter is also available (115 or 230
Vac, 50 to 60 Hz).

An optional transducer input connector facilitates connec-
tion of four- or six-wire strain gage based transducers. The
P-3500's unique remote-sense feature is operational when-
ever the remole-sense leads are connected, and no swilch-
ing is required. A remote calibration resistor is also accessi-
ble via a contact closure at the transducer connector,

FEATURES

s Choice of 4-1/2 Digit LCD or LED Readout

» Direct Reading of Strain, Pressure, Torque, Load,
and Other Engineering Variables

* Battery or Line-Voitage Operation
s Convenient Color-Coded Push-Button Controls

» Gage Factor Setting (to four significant digits)
Displayed on Readout

s. Quarter-, Haif-, and Full-Bridge Circuits

& Built-in 120, 350 and 10000} Bridge Completion

» Separate Bridpge Excitation On/Off Control

* Transducer Connector with Remote-Sense

» Balance by Voltage Injection

* Analog Output

* ANSI/SEM Color-Coded Bridge Connection Terminals
* Portable, Lightweight, Rugged for Fleld Use




MODEL SB-10
 COMPANION-SWITCH
“AND BALANCE UNIT
" FOR THE MODEL P-3500

The SB-10 Switch and Balance Unit features gold-plated
push/clamp binding posts to allow fast, convenient, and reli-
able connection of input circuits, and individual 10-turn poten-
tiometers with turns-counting dial for fine-balance adjust-
ments.

The channel switch of the SB-10 has an OPEN position to
allow the use of additional SB-10's with a single P-3500 Strain
indicator. The SB-10 also incorporates a common dummy
position fof use with other than 120, 350 or 100002 gages.

The combination of a P-3500 and SB-10 allows the operator
to intermix, in a single 10-channel system, quarter-, half-, and
full-bridge circuits. This feature is not found in most portable
strain gage instrumentation.

Quarter and half bridges of the same resistance (e.g., all

120 or all 350(1) can be intermixed in any combination without alter- '
ation of either instrument. If the installation makes use of both 120 and FEATURES

350() gages, it is necessary only to connect to the dummy binding » 10 Channels plus OPEN Position

post corresponding to the selected gage resistance as the channel is

+ Gold-Plated Push/Clamp Binding Posts
changed. !

Full bridges can also be intermixed in any combination. 1n this case, * Rugge:i, ;lghtwe!gh:f d Full Brid
the operator needs only to depress the P-3500 BRIDGE push button * Intermix Quarter, Half and Full Bridges

to FULL position when a fuli-bridge channel is selected. * Negliglble Switching Resistance
» Switching Repeatability Better than 1.¢




SPECIFICATIONS
MODEL P-3500

Range:
+19 899 at Gage Factor <6.000.

16(30—0[;3 x 19 9991€ at Gage Factor »>6.000.

Above ranges increased by factor of 10 when using X10 multigli-
er switch. Example; £199 990 at Gage Factor <6.000.

Accuracy:

+0.05% of reading =3u€ for Gage Factor seitings of 1.000 to
9.900.

+£0.05% of reading £10u¢ for Gage Factor settings of 1.000 to
9.900 when using X10 multiplier.

Sensitivity (Resolution}:
+1u€ at all Gage Factor settings.
*10ue when using X10 multiplier.

Gage Factor: ,

Range 0.500 to 9.900. Precisely settable to a resolution of 0.061
by 10-turn potentiometer and four-position switch. Gage Factor
accuracy £0.02% at all settings. Displayed on digital readout.

Balance:
Coarse. 5 swilch positions: Off, £2000y.€, and 4000 €
{GF=2.000). Tolerance 1% nominal.

Fine: 10-turn potentiometer with turns-counting dial, 21050 ¢
min. range (GF=2.000). Zero position of potentiometer
calibrated for zero +2 €.

All balance voltages are electronically injected at input
of amplifier. No bridge loading by balance controls, and
no compromise of measurement range.

Bridge Excitation:

2.0 Vde £0.1%. Temperature stability better than £0.02% per °C.
Readings are fully ratiometric, and not degraded by variation in
excitation vollage.

Bridge Configurations:

Quarter-, half-, and fuil-bridge circuits. Internal bridge completion

provided for 120, 350, and 1000(} quarter bridges. 60 to 20004}

half or full bridge.

Amplifier:

- Warm-up drift: Less than £3 counts at GF=2.000, cold start to

' ten min.

Random drift at constant ambient temperature: Less than +1
count at GF=2.000.

Common-mode rejection: Greater than 90 d8, 50 to 60 Hz.

Temperature effect on zero: Less than 1 pV/°C referred to input.

Temperature effect on span: Less than 0.005%/°C.

Input impedance: Greater than 30 M},

All specifications nominal ‘or typical at +23°C unless noted.

Calibration: .
Shunt calibration across 120 and 350} dummy gages to simu-
late 5000ue {£0.05%).

Analog Output:

Linear £2.50V max. Adjustable from 40 uV/ue to 440 uV/ue,
nominal. Qutput load 2 K} min. Bandwidth, DC to 4 kHz, -3 dB
nominal. Noise: Less than 400 uV rms at 40 uV/ e output level,

Remote Sense:
Provided at the transducer connectar. Remote-sense error less

than 0.001%/(1 of lead resistance.
L ]

Power:
Internal battery pack using six “D” cells. Battery life 300 hours
nominatl (200 hours with LED readout).

Case:
Aluminum.

Size and Weight:
§x6x8in (228 x 152 x 152 mm), 6.3 b (2.9 kg) including bat-
teries.

.Accessories:

Line voltage adapter for 115V or 230V, 50 or 60 Hz operation.
Transducer input connector.

MODEL SB-10

{when used with Model P-3500})

Circuits:
10 channels pius GPEN position.

Inputs:
Will accept quarter-, half- or full-bridge circuits in any combina-
tion, including three-wire quarter bridges.

Balance Range:

+5800u¢ for quarter-, hali-, and 350() full-bridge inputs.
+2000pLe for 1200 full-bridge inputs.

Switching Repeatability:

Better than 1 ue.

Size and Weight:
9x6x6in (228 x 152 x 152 mm). 5.5 Ib (2.5 kg).

The Measurements Group is a leading supplier of strain gage instrumentation. Available instruments include portable indicators,
signal conditioners/amplifiers, strain gage installation tester, instrument calibrator, and sophisticated computer-controlled systems
for the acquisition, storage and reduction of test data. Call or write for atl of your Strain gage instrumentation needs.
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NEW HORIZONS IN RANGE e RESOL

NEVER BEFORE ACHIEVED IN A LABORATORY INSTRUMENT

The Model 380C Wide Range Strain Indicator is a
versatile, high-precision laboratory-type instrument
designed for use with strain gages and strain-gage-
based transducers.

Principal features of the Model 3800 are wide-range’
control of gage factor; excitation precisely settable
over 1—15 volt range; and wide balance range with
no bridge loading effect.

Wwith these extended operating capabilities, the
Model 3800 can be used for the most demanding
measurement tasks which are not possible with
conventional strain measuring instruments and
general-purpose transducer indicators. Resolutions
achievable with the Model 3800 are 0.10ue when
Used as a strain indicator, and 0.10 uV/V when used
as a-transducer indicator (0.025 pV/V with sup-
pressed zero).

In addition to the wide-range features, the Model
38C0 incorporates simplified operating controls
that minimize set-up time, and premote measure-
ment accuracy. The operator follows a logical
sequence of steps to configure the instrument for
the desired measurement. Color-coded interlocked
push-button controls minimize operator errors,
and make the operating mode instantly recognizable.

Gage factor on the Model 3800 is settable by front  ~.
panel controls over a range of 0.0500 to 50.00, and
is displayed by the LED readout when in the SET
position. The instrument allows full range display
(£19999 counts) over the complete gage factor
range. :

Excitation voltage is precisely settable overarange.
of 1—15 volts in 1-volt increments by a front-panel
thumbwheel switch. The output display automat-
fcally tracks the excitation setting so that gage
factor does not vary with bridge voltage.

The balance system in the Madel 3800 has four
ranges which are selected by the BALANCE RANGE
push buttons. Each range is further divided into
four sub-ranges by the COARSE balance switch.
The FINE balance control provides an additional
adjustment range that overlaps the COARSE bal-
ance switch positions. This unique system provides
a total of 32 overlapping ranges for achieving
precise balance settings and resolution. Ali balance
voltages are electronically injected into the input
amplifier to eliminate bridge loading errors and
preserve full measurement range.

FRONT PANEL

Tn
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VERSATILI''Y

Input circuitry inctudes an uitra-stable internal half-
bridge, as well as internal 120- and 350-ohm
dummy gages for bridge completion. Shunt-
calibration resistors across the internal dummy
Ggages are provided on the rear pane!l. Two remote
calibration resistors, also mounted on the rear
panel, are automatically actuated by the front-
panel calibration button. ‘

Virtually all strain-gage-based transducers can be
used with the Model 3800 via the rear-panel trans-
ducer connector. This connector provides precision
remote-sense capability, as weli as access to the
remote calibration resistors. Fuil-scale resolutions
of 0.10 uV/V are routinely possible. By using the
wide-range balance controls to suppress zero,
resolutions to 0.025 u\V/V can be achieved.

In addition to the digital LED display, the Model

- 3B00 provides an analog output available at the rear

panel. A separate analog level control totally inde-
pendent of the digital display is also provided.

The Model 3800 Wide Range Strain Indicator is an
exceptional, high-resofution instrument that will
make a valuable contribution to any experimental
stress analysis or transducer development laboratory.

FEATURES

» 4-1/2 Digit LED Display

'« ANSI/SEM Color-Coded Bridge Connection Terminals
+ Analog Qutput -.

« Transducer Conneétor with Remote Se'n_se'

* Direct Reading of Sirain. Pressure, Torque, Load, and
other Engineering Variables

» Convenient Color-Co_ded Push-Button Controls

* (Gage Factor Hangé from 0.0500 to 50.00 Displayed on
LED Readout {to four significant digits)

'« Bridge Excitation Range from 1.000 to 15.000 Vdc

e Extrernely Wide Béiance Range. Balance by Voltage
- Injection. -

« Quarter-, Half-, and Full-Bridge Circuits

« Separate Bridge Excitation On/Off Control

* Built-in 120- and 350-ohm Dummy Gages

Complete specifications for the Model 3800 are
given on the back of this bulietin.

REAR PANEL

ANALOG
LEVEL outeuT




SPECIFICATIONS

Range and Display:
+19989 counts direct-reading LED display.

Resolution:

1ue at any Gage Factor from 0.0500 to 50.00.
0.10 4\WV as atransducer indicator,

Linearity: w
+=0.01% of full scaie.

Balance Range:

Coarse Balance: +2.5% to £100% of full scale per step,
in 32 tota! steps.

Fine Balance: +1.25% to £50% of full scale; overlaps each
coarse balance step,

Balance Method:

Electronically injected counter-emf.

Gage Faclorn:

Range: 0.0500 to 50.00; displayed by LED readout when
in the SET paosition,

Resotution: 0.0001 tfrom GF of 0.0500 to 0.5000.
0.001 from GF of 0.500 to 5.000.
0.01 from GF of 5.00 to 50.00.

Linearity: £0.05% of full scale.
Accuracy: £1 leastsignificant digit.

Excitation Voltage:

1.000 to 15.000 Vde £1 mV £0.02%. Settable in 1V
increments by front-panel thumbwheel switch.

Temperature Stability: £0.01%/°C.

Amplifier:
Temperature Effect on Zero: +1.0uV/°C RTIT max.;
+0.50 pV/°C RTIT typical.
" Temperature Effect on Span: £0.005%/°C max.

Warm-up Drift: Less than 3wV RTIT from turn-on to 5
minutes.

Random Drift at Constant Ambient Temperature:
Less than 31wV RTIT,

Commaon-Mode Rejection: Greater than 100 dB at 50-60 Hz.

Common-Mode Voltage: 18V max,

TReferred to input

All specificalions are nominal or typical at +23°C unless noted.

Input Impedance;
Greater than 100 MQ dufferennal and common mode,

Input Circuits:
50 to 10 00011 half or fuil bridge. Internal dummy gages
are provided for 12002 and 350(} guarter bridges.

Calibration:
Shunt calibration resistors are provided across internal
12000 and 35002 dummy gages to simulate 5000ue £0.05%.
Calibration resistors are located on the rear of instrument
and may be changed to suit specific requirements.

Contact closures are provided for two rear-panei-
mounted resistors to facilitate any calibration
configuration. Typical use is double-shunt calibration
of transducers.

Analog Output:

Linear Cutput: +10.00V max; adjustable over 11:1 range by
a ten-turn potentiometer mounted on the
rear panel.

Qutput Load: 2 kY min,

Bandwidth: GF > 0.500, DC 1o 4.5 kHz (—3 dB nominal).
GF < 0.500, DCto 2.0 kHz (—3 dB nominal}.

Output Noise: Less than 2.5 uV peak to peak 0.10to 10 Hz,
RTIT. Less than 2 4V rms dc to 5 kHz, RTIt,
plus 0.005% of full scale, RTQ (referred to
-‘output),

Remole Sense:

Remote sense connections provided at transducer connector.

Remote Sense Error: Less than 0.0005%/1} of lead
resistance. Maximum lead resistance
400 or less.

Power:
115/230 Vac, 50—60 Hz, less than 10 volt-amperes,

Size and Weight:

6.5 Hx11.0Wx 125D in{165x 280x 318 mm},
10.2ib (4.6 kg).

Companion instruments for use with the Model 3800
Model 5B-10— A high-quality 10-channel Switch and Balance

Unit that allows mult[ple gage hook-up to Ihe Model 3800 Slmin
Indicator. " . :

Model V/E-40 Decade Resistor Straln Gage Slmulator. and Model
1550A SImIn Indlcator Calibrator — with these speciallzed instru-
ments, Ihe capubllltlea and sensitivity ot the Model 3800 can be
lurther"axtended by maklng crltlcal measurements lhrough

'utraln s!mulailon L :

The Measurements Gropf readmg.su.ppher of strain gage instrumentation. Available instruments include portable indicators,
f_[er
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System 4008 — It Pays

. with dividends like weight r¢2::2t 71 2nd material savings, performance improvements and fail-
ure prevention, and shortened design-to-development time. In today's demanding world of product and
structural design, payoffs like these can make a big difference.

Experimental Stress Analysis (ESA) is often called the quality control of design because it
assures maximurm reliability with minimum material and weight. Even with recent advances in analyti-
cal methods using finite-element analysis and high-speed computers, essential data which can affect
not only design resuilts but also product life, liability, and profitability, can be provided only by ESA tech-
nology.

The leaders in nearly every industry depend on the Measurements Group for the equipment and
expertise to apply the quality-control benefits of ESA to their designs. And the System 4800 approach
to stress analysis provides these benefits more effectively — and economically — than ever before.

Unique Power and Simplicity

. to meet today’s measurement challenges. System 4000 is completely preprogrammed to per-
form ali system functions. It accepts and stores test parameters, controls the scanning operations,
records input signais, and corrects and reduces the data to provide directly usable engineering infor-
mation.

The System’s hardware incorporates alf of. those features that strain gage users-have come to
expect from the Measurements Group for more than 30 years, including precision bridge completion
for quarter- and half-bridge circuits, and selectable bridge excitation. And, for maximum stability and
noise rejection, System 49@@ incorporates a 14-bit (plus sign), dual-slope integrating A/D converter,
synchronized to line frequency for data acquisition.

In addition to its many special features which simpiify the acquisition and reduction of strain gage
data, System 4082 is also equipped to handle inputs from the other types of sensors commonly used
in stress analysis and structural testing, including thermocouples, RTD’s, LVDT's, load ceils, DCDT's,
potentiometers and other transducers.

The Premier Data System

. today and tomorrow. System 4080 has been acknowledged by hundreds of users as the world’s
premier data system for stress analysis, structural and materials testing since its introduction in 1981.
In the years since, both hardware and software have been enhanced and refined, through significant
commitments we've made to ensure that System 4000 remains the world’s premier data system.

About This Brochure

The Measurements Group's commitment to System 4808 is long term. In this brochure, you will read
about some of our ongoing programs and development efforts which we believe will keep System 4208 the
world’s premier data system for stress analysis and structural testing. Operating software enhancements
and new hardware developments are but a few of the programs in place to keep System 4808 expansion
in pace with the needs of its users.

" Because of the ongoing nature of these programs, this brochure can serve only as an introduction to the

concept behind System 4088. To keep System 4808 users informed of important developments, System
4000 Update — the Users Group Newsletter, is published periodically and distributed to all System 4809
users throughout the world. As you are reading this, chances are that new and more powerful aspects of
System 4080 are already available.
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Strain gage technolagy has developed into the world’s most widely used precision stress/strain mea-
surement technique. Over the years, through our Technical Data Mailing Program, we have treated techni-
cal matters relating to stress analysis in a practical, usable fashion that we hope most benefits you, the
user, in your stress analysis applications. The primary factors affecting strain gage and instrumentation
performance are covered in the Tech Note portion of the Measurements Group's Strain Gage Technology
literature binder, reccgnized and used as the authoritative reference for strain gage measurement by prac-
titioners throughout the world.

Virtually all of the materials included in the Measurements Group’s Strain Gage Technology Tech
Note library are incorporated into System 4008’s extensive software package, designed by

Measurements Group engineers. Now, you can apply these techniques directly to your test mea-
surements,

Computer technology has impacted virtually all disciplines of engineering, primarily through the greatly
expanded potential for computational speed, accuracy, and flexibility provided by software. While the
System 4980 hardware is designed for the highest performance/cost ratio possible, it is the software that
provides the true power behind System 4904,




‘The System

4220
CONTROLLER

Serves as the interface be-
tween the Executive Unit and
the System’s scanners, pro-
viding primary system power,
channel display, and analog-
to-digital conversion.

Ris

4270A
STRAIN GAGE
SCANNER

Each scanner accommo-
dates 20 channels of strain
gage inputs (quarter, half, or
full bridge). Switch-selectable
bridge excitation is provided
for each block of 10 channels.

UNIVERSAL
SCANNER

Capacity for 10 channels of
mixed inputs, including thermo-
couples, LVDT's, RTD’s,
DCDT’s, semiconductor trans-
ducers, potentiometers and volt-
age inputs. -

SOFTWARE/HARDWARE
CONFIGURATIONS

The heart of System 4080 is the extensive
software that organizes, processes, and pre-
sents test data in various modes as required by
the user. Model 610 Standard System
Software operates on a wide range of cus-
tomer-supplied, general-purpose persona[
computers, including laptops.

For tests requiring more modest capabilities,
the lower cost Model 605 Data Logger
Software is also available. A fisting of specific
hardware component requirements for both
software packages is available, upon request,
from our Applications Engineering Depart-
ment.

Additionally, the Model 4216 Executive
Unit (shown here), consisting of Model 510
Standard System Software and Model 4202
Computer Hardware Components, is available
to those wishing to purchase a complete, dual-
monitor turn-key system.

To & S by € L

THERMOCOUPLE
SCANNER

Provides dedicated capabil-
ity for 20 channels of thermo-
couple inputs (Types J, K, T, E,
R, S, B). Type is selectable for
each block of 10 channels,




SYSTEM 42008

PRINCIPAL FEATURES - 2

® Complete, preprogrammed software

® |nputs accepted from strain gages, stram gage based transducers, LVDT’s, DCDT's, potentlometers
thermocouples, and RTD's

® Input capacity from 1 to 1000 channels — expandable as needed at any time . T
® Scanning speed up to 30 channels per second (25 channels per second for 50 Hz operahon)
® Automatic bndge balance (offset values stored in memory: and/or permanently recorded)

® Switch- selectable excitation voltage (1, 2, 5, 10 Vdc) e

® Built-in brldge completion for all 120 and 350Q2 strain gage channels (quarter and half’ brldges)

e PC- -compatible for user-preferred off-line data handiing

TEST INFORMATION ENTRY

® Channel assignment ’

® Gage Factor

® Thermal output coefficients

® Gage factor temperature coefficient

® Transducer input/output specifications

® Control limits (by channel or by groups)
(except Model 605) |

* ‘Active bridge arms’

® Transverse sensitivity
* Modulus of elasticity
® Poisson's ratio :

SOFTWARE CAPABILITIES

o .

The scope and capabilities of System 4808@8’s standard, preprogrammed stress analysis software

far exceed those of other commercially available packages, which are generally designed for nar-
rowly defined appllcatlons only.

® Rosette data reduction (delta, rectarigular, ® On-line monitoring of key channels and/or
biaxial) and conversion of strains to stress rosette solutions in numeric and graphic

* Thermal output correction (except Model 605) formats

® Correction for gage factor temperature coefficient ® Reduced data can be printed for up to 1000

® Scaling for number of active bridge arms channels

® Whealtstone bridge nonlinearity correction s Automatic or manual data scan and record.

® RTD linearization ¢ Data storage for later analysis or processing !

® Transverse sensitivity correction ' & Of-linc plot generation on color monitor or

¢ Thermocouple linearization optiona! plotter (except Model 605) '

® Alarm or control limits (print or initiate scan) .
{except Mode! 605) S o s

Optional software packages for specialized test requirements are also available.
f _




Add to Your Test Program

ACCURACY

the

Accurate strain gage measurements require that etention be paid to characteristics
unique to the strain.gage itselt — characteristics_such as thermal output, transverse
+ sensitivity, nonlinearity of output from the Wheatstong__bridgef temperature coefficient
of gage factor, and grid power dissipation. In addition, care must be taken to apply cor-
rections at the approp'riate stage in the measurement process. System 4920 can take
into account as many —or as few — of these potennal error sources as your test
requires.
For lhermocouple measurements. a unique, |sothermal strip eliminates temperature
gradients between input terminals.
The System’s specially selecled analog-to-digital convener uses a dual-slope conversion lechmque to integrate the ana-
log signal over a complete powerline cycls, making it p055|ble ic achieve the high rasolution and excellent noise rejectlon
essential for accurate straln measurements.

“

Through its umque software and hardware, System 4888 provides the test operator with the tools to obtain the
most accurate test data possible.

ON-LINE _MONITORING

System 4008 provides a w'ide range of options for monitoring test parameters and data, including:

" Test parameters reviewed lhrough a screen display before Up to 44 key channels of corrected and reduced data simul-
. lesting is begun, - taneously dispiayed and updated. -

L N N Rt

AN EERN]

Up to 12 line plots ol data (vs. data or time) d: =played Up to 44 bar graphs that change color when user-defined
(except Model 605). ‘ trip levels are exceeded — allowing for fast recognition of
critical test conditions (excep@ Model 605).

FLEXIBILITY IN
DATA PRESENTATION

Through the System‘é Data Translation Program, data files can be trans-

formed into ASCII, DIF, or WKS formats, allowing for easy manipulation and

+ prifsentation of data, with commerual:?oftware packages or user-developed
progfams. * H “




Worldwide, System 4000 Users*:
Are Putting Power, Accuracy, and S|mpI|c|ty

g

~

~~Into-Their Stress/Strain- Measurement- Programs
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In Industry and Research ...
AM General -

ATRT Ball Laboratories
Admiralty Marine Technology Est.

I j
, ipaneral Dynamics

» General Elactric Company
. . Gijbarco
N C.iFadaII Company
Graviner Limited
Groupe PS.A.
Grove Manutfacturing

Aeraspatiale PR, i 1
Agency lor Defense Development ~
Alcoa Technica! Center

Alta Romec 5.P.A,

Alsthom Atlantique La Rochellp

American Sterilizer

R

Grumman
Hamilton Standard

Amp . ' Harris Corporation
Armco Steel Hindustan Motors
Astach Hughes Alicralt

Avions HuretDubois AT Hughas Ofishore

Baker Tubular Sarvices Hunting Oilfigld Sarvices
Baech Aircratt Hyundai

Bender Machine Services . "1BM

Bandix Aerospace IMPA, SPA

Blue Bird Body Company Lnstitute for Industrial
Boaing Research & Standards. ireland
Borg-Warner N Iscael Ajrcralt Ingusties

Isringhausen Raitroad Products
J.A. Jones Agplied Ressarch

Jin Hae Machine Depot

Korea Institute of Mining & Metals

Brtish Nuclear Fuels

British Steel Corporation " *
Brookhaven Laboratories S
L.J. Broutman & Associates "
CASA .

CNERIB Alger

Camaren ron Works
Canocean Resourcas

Koch Fibarglass
Kon Mij de Schelde

Laboralotre du Baltiment
ot Travaux Publics a Libravilla

Chrysler Corporation

L Laboratorio Ensayo

1; " .

Clark Michigan Company T W, Investigacion Industrial
C'““'"Tza"m”‘a‘:h © ., sElaboratoire das Ponts
Cummins Engine N *Y et Chaussdes de Toulouse
Daimier-Benz AG McDonnell Douglas
Defense Product Assurance Agency Marshalls of Cambridge Engr.
Delag Wair = = = - e

™ Martin Marietta Aerospace Co.
Dominion Engineering
Dow Chemical Ty e
Dow Corning ergh! -
Dunlep Aviation Division
E. t. DuPont Company
E.C.AN. '
ETSI industriales

Eaton Axle Division

‘;:‘:Manin Marietta Energy Systems
3

Massachusetts General Hospital

. :(' Manasco .
Metalastik Vibration Control Sys.
Metallurgical Engineers

Michelin Tire

Ministry ol Délence, France
Mator Whasl Corparation

Eleciricite de France ) . *.: FIASA .

_Enuipos Nucleares —'—-’4‘- National Aeronautical Lab (India}

Etablissement Central de Nationat Crafe Compény
National Forgs'Gompany

Exxon - vy -
National Research Council ol Canada

' i;::;grlaczmrmgl. o 1 "‘1‘ ‘_" TNewal Otean Systems Ctr, {U.S.)
Flxible Comoration _ © .Y =" "Noval Science & Techfclogicat Lab (India)
Ford Aeraspace Naval Surface Weapons Ctr. (U.5.)
Nawvistar International ..

Ford Motor Company
GEC Rasearch Centre . - Neil F. Lampson
GM, Allison Gas Tumma DMslon Mawport News Shnpbuﬂdmg

O'Donnell & Associates - 1
Olkon Comporation” ” ’

GM, Chewrnle! D1V|su:m

GM Techn&cal Cenler : -
Garrett Tu:’ome Engme Company Omark Industries. -

- - Tt iag '._)"."::_

“The listing represents a'selection of organizations using System 4008
at the time this brochure was printed. Inclusion does not imply andorsemen,
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QOntario Hydro

PPG Industries
Pettibone-Tiffin ,

Piasecki Aircraft

Picker International

Pratt & Whitney Alrcratt Co.
Precision Medical Instruments
Putiman Technology

Rasearch & Development
Establishment (India)

Richards Medical

Rackwell tnd, Rockeldyne Div.
SEMAT

SNECMA Viltaroche -

SPAR Aerospace

STE Alkan Aeronautique

STE Beta

STE Elmex Paris

STE Elarnit

STE Hermex

STE Messier Aeronautique

STE Thomson

Samsung

Shall Development Company

A.O. Smith

Southwaat Research Institule
Specialty Measurernents

Staiger Tractor

Stress Engineering Services
Tadiran

Tennesses Eastman

Terex Compaoration

Taxtron Lycoming

Thrall Car Manula¢turing Co. -+
Trinity I_Engineen’ng

U.S. Alr FaTca__

U.S. Amy

U.5. Marina Comps .-
U.S. Nevy :

VME America - PRI
Volve Flygmotor AB -
WSM [ndustries . -~
Water Research Center -
Waukesha Engine - Ll
Weber Aircraft o
Wastinghouse Electric -
Whitahead Motofides SPA.
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In Education ...
American University of Beirut
Auburn University }
Beijing Asranautical Instiute :g "
Califomia Polytechnic 51me Univ.’
Carleton University ™= 7--
The Citadel - 4
Columbla Unh.-ershy ’

Cublin Collage of I'echnology )

FE \‘- [T

e

Ecole Cantrale de Lyoi-; "

Ecole DIngenieures ‘
de.Yamoussoukro

Ecole Superieure ;.. "
D'ingenieurs des Techmques du Bois

_ Electronics & Te!ecommumcanon i
Research Institute L 4 X

Enit Tunisia University

General Motors Institute
Hnwarﬂ Unlversny .
"Ingian Instituta of Tachnology '
Institut Francass de Patrora

Institut Nenonal da Genie
Mecanique Algiers

. Instifut Nationale de Toulousa
- Instilul Universitaire de Borceaux
' |nsutul Universitaire de Bourges
|n5tllul Universitaire da Reims
‘ll(ll.nyan University
Meﬁ;:politan Medical Center
Michigan State University
Nan Yang Technical Institute
Cklahoma State University
Rochester Instilute of Technology
“ Southarn Hlindis University
Swarthmore College
oo ' US Naval Post-graduate Scheol
Univarsidad de Ovieda
““Univorsite de Litle
Uanersity of Bari
U“NQ’SLW of Bndgepon
Unrversny of C-Iniomla
Unlversuy of Dayton M
i Unwersny of Delawara
University of Grenoble
University ol llinois

.g_

Unwersﬁy of Lowswne ’
University of Maryland
University of Miami L F
University of Michigan ey
University of Nova Scotia ..r, -
University qi Petroleum & Minerals , |

¢ v . WUniversity ol F'insburgh _

University of South Flonda
\ University of Toledo " RN
* Unwersllv of Triesta)-
Unlversu'y ol "Wisconsin
Vitanova University :

" Virginia PoMechmc Institute and
« * 1 Slale University M

« ' Washington University
Youngstown State University, ; ., .
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A predom'inant factor contributing to the structural fail-

Jure of machine parts, pressure vessels, framed struc-’
*tures, etc., may be the residual "locked-in" stiresses that .

existin the object prior t¢'its being put.into service. These -
resiqual stresses are usually introduced during manu-"'
facturing, and are caused by processes.such as casting
welding, machining, heat treating, molding, etc.

Residual stress can neither be detected nor evaluated
by conventional surfaceTeasurement techniques, since
the strain sensor (strain gage, photoelastic coating, etc.)
can only respond to strain changes that occur after the

‘sensor is installed, ‘ ,

""hIl%e most widely used practical technigue for measur-

ing residual stresses is the hole-drilling strain gage

method "described in ASTM ‘Standard. E837. With this. .o
method, a specially configured electrical résistance stfai® 33 fl‘é't‘e'c'_i "t e p
' gage rosette is bonded to the surface of the test o'biect;i~;_,3:);t

. and-a small shallow hole is drilled through the centdripf -

herosette. Thelocal changes in strain due f0introduction

'
o

[

[

of the hole are measured, and the relaxed residual
stresses are computed from these measurements. Mea-
surements Group Tech Note TN-503, Measurement of
Residual Stresses By The Hole-Drilling Strain Gage
Method, presents a detailed discussion of the theory and
application of this technigue. ‘

*

. The hole-drilling method is geherally considered semi--

destructive, since the drilled hole may not noticeably

© impair the structural integrity.of the part.being tested.

Depending on the type of rosette gage used, the drilled
hole is typically 0.062 0r.0.125 in (about 1.5 or 3.0 mm),
both in diameter and depth: In many.instances, the hote
can also be plugged, if*necessary,-to return the part to
service after the residual stresses have been.measured.

i 'E}p,e_;ﬁ{_achcahugnd accuracy of this method is directly
] ision with which the hole is drilled
rGugtl iy genter of the strain gage rosette. The Mea-

"'S'Li'r‘érﬁb'nts_Grpﬁ'ﬁ F(S-QO_O optical milling gujde described.

-herkin pgévif%ﬁ_s'a‘practical means to accomplish this task
Koy TP '
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