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��� !" "#$!%$�&$%'!!"��'!�(#��')"!'*"!+"�!$,"*"� '!'��'�,'*$!+'���+#$,-*+.'�/��+#-,+.'0�

&$)$,"%�$%*'!�."#%.+$#*$%�&$�1($�+, �+.'�."�".'!�(#'� +$&!'�'#2(�'!�$#�$��&$%'!!"��"�&$�

*$.#"�"23'�,$4+.'#'� '!'��'�$#%$5'#6'�$#��'�	'.(�*'&0�' �+.'&'�'�$%*'�'%+2#'*(!'���

�"!� $��"0� $%� +, "!*'#*$� $%*')�$.$!� ."#� .�'!+&'&� &$� &7#&$� %$�  '!*$� /� '� &7#&$� %$� 1(+$!$�

��$2'!�."#�$��&$%'!!"��"�&$�$%*$�*!')'8"��

�%+,+%,"0�(#�.�'!"� �'#*$',+$#*"�&$�$%*$� !"/$.*"�'/(&'!-�'�$#*$#&$!�."#�$4'.*+*(&� �'�

,'2#+*(&�&$��"%�'�.'#.$%�1($�%$� ($&$#�")*$#$!�$#�9(#.+7#�&$��"%�!$.(!%"%�&+% "#+)�$%��

I.1 GENERALIDADES 

�'!'� $�� !"/$.*"��
:;<=;>�?�!$'.+7#�&$�(#� �')"!'*"!+"� !$,"*"�'..$&+&"� "!� +#*$!#$*�

 '!'� �'� '%+2#'*(!'� &$� �+#$,-*+.'� /��+#-,+.'@0� 1($� .($#*'� ."#� $�� ' "/"� &$�� �������

A�!"2!','�&$�� "/"�'��!"/$.*"%� '!'� �'��##"B'.+7#�/��$8"!',+$#*"�&$� �'��#%$5'#6'C�

&$� #($%*!'� �#+B$!%+&'&0� %$� D'#� &+%$5'&"� %$+%�  !-.*+.'%� &$� �+#$,-*+.'� /� �+#-,+.'� &$�

,'#$!'�1($�.()!'#�%(�."#*$#+&"�/�1($� ($&'#�!$'�+6'!%$�&$�9"!,'�!$,"*'� "!�,$&+"�&$�

�#*$!#$*0� /�  '!'� $��"� %$� D'� ')"!&'&"� $�� &+%$5"� /� �'� ."#%*!(..+7#� &$� �"%� ,$.'#+%,"%0�

%$#%"!$%�$�+#*$!9'.$%�$�$.*!7#+.'%�� '!'��'%� !-.*+.'%�&$#",+#'&'%�?�"B+,+$#*"�!$.*+�3#$"�

(#+9"!,$,$#*$� '.$�$!'&"@0� @�+!"�  '!')7�+."� /� .'3&'� �+)!$@0� ?�"B+,+$#*"� $#� ,$&+"%�

9�(+&"%@0� ?�!')'8"� /� $#$!23'@0� ?�"B+,+$#*"� .(!B+�3#$"�� $��  E#&(�"� .", ($%*"@0� /�
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?�($! "%� !32+&"%� ."#$.*'&"%� ."#� ,"B+,+$#*"�  �'#"@�� �%+,+%,"0� %$� D'� +#+.+'&"� $��

&$%'!!"��"� &$�� %"9*F'!$�  '!'� �'� " $!'.+7#� &$�� %+%*$,'� ."#� (#'� .", (*'&"!'�  $!%"#'�� '�

*!'BE%�&$��#*$!#$*0�1($�."!!'�$#�(#�%$!B+&"!�."#9+2(!'&"� '!'�!$'�+6'!�$%*'�*'!$'��

�#�$�� !"/$.*"�%$�D'�+#B"�(.!'&"�*'#*"�'� !"9$%"!$%�&$�B'!+'%��+B+%+"#$%�&$� �'�	'.(�*'&�

.","� '� '�(,#"%� *$%+%*'%� /� &$� %$!B+.+"� %".+'��� �$� ."#9"!,'!"#� 2!( "%� &$� *!')'8"�

,(�*+&+%.+ �+#'!+"%�  '!'� ')"!&'!� .'&'� (#'� &$� �'%�  !-.*+.'%� %$�$..+"#'&'%0� �"%� .('�$%� D'#�

*!')'8'&"�&$�9"!,'�.""!&+#'&'��

I.2 INTRODUCCIÓN 

�#�$���')"!'*"!+"�*!'&+.+"#'�0��"%�!$.(!%"%�$#� $!%"#'%�/�$% '.+"%�%"#�!$%*!+#2+&"%0�&$)+&"�

'��+#.!$,$#*"�&$�$%*(&+'#*$%�/�'� !")�$,'%� !$%( ($%*'!+"%G�%$�!$1(+$!$��'� !$%$#.+'�93%+.'�

&$�� $%*(&+'#*$� /� �'� %( $!B+%+7#� &$��  !"9$%"!�� �#'� %"�(.+7#� '� $%*"%�  !")�$,'%� %$� D'��

$#."#*!'&"� $#� �'� ' �+.'.+7#� &$� �"%� 'B'#.$%� *$.#"�72+."%� '� �'� &".$#.+'� $� +#B$%*+2'.+7#�

(#+B$!%+*'!+'�/0�$#�."#.!$*"0�$��(%"�&$��')"!'*"!+"%�B+!*('�$%�/�!$,"*"%��

��"%��')"!'*"!+"%�B+!*('�$%�H:I�,$&+'#*$�(#'�.", (*'&"!'�."#$.*'&'�'��#*$!#$*0�� !"B$$#�

$�� '..$%"� '� (#� ,"&$�"� %+,(�'&"� &$�� $1(+ "� $4 $!+,$#*'�� /� &$�� $#*"!#"G� %+$#&"� $%*$�

,"&$�"�%+,+�'!0�*'#*"�$#�9(#.+"#'�+&'&0�.","�$#�' '!+$#.+'0�'��$1(+ "�/�'��$#*"!#"�!$'���

��� $!,+*+!��'�" $!'.+7#�&$��$1(+ "0�'%3�.","��'�!$'�+6'.+7#�&$� !($)'%�+#3.+'�$%�/�D'%*'�&$�

$4 $!+,$#*"%� .", �$*"%0� $%*$� 9"!,'*"� &$� �')"!'*"!+"� B+!*('�� *+$#$0� .","� B$#*'8'0�

 !" "!.+"#'!� '..$%"� +�+,+*'&"� '�� �')"!'*"!+"0� %+#� !+$%2"� '�2(#"�  '!'� $�� " $!'&"!�

+#$4 $!*"0� #+�  '!'� $�� $1(+ "� $4 $!+,$#*'��� ��� �')"!'*"!+"� B+!*('�� '.$!.'� /� 9'.+�+*'� �'�

!$'�+6'.+7#�&$� !-.*+.'%�'�(#�,'/"!�#J,$!"�&$�'�(,#"%0� "!�,$&+"�&$��'�%+,(�'.+7#�&$�

9$#7,$#"%�/�,"&$�"%�93%+."%0�."#.$ *"%�')%*!'.*"%0�.'%"%�D+ "*E*+."%0�."#*!"�'!��'�$%.'�'�

&$�*+$, "0�$*.�0�".(�*'#&"�$��,"&$�"�,'*$,-*+."�/�,"%*!'#&"�$��9$#7,$#"�%+,(�'&"�&$�

9"!,'�+#*$!'.*+B'0�."#�$��$, �$"�&$�$1(+ "�&$�.7, (*"��

�"%� �')"!'*"!+"%� !$,"*"%� H=I� "*"!2'#� $�� '..$%"� !$,"*"� '� (#� �')"!'*"!+"� !$'�0�,$&+'#*$�

(#'�.", (*'&"!'�."#$.*'&'�'��#*$!#$*0�&$�,'#$!'�1($�%$� ($&'�."#*!"�'!�/�")%$!B'!��'�

" $!'.+7#�&$��$1(+ "�$4 $!+,$#*'�0�'%3�.","�$��&$%'!!"��"�&$��"%�$4 $!+,$#*"%���#�$%*"%�

�')"!'*"!+"%0�$��$1(+ "�$4 $!+,$#*'��%$�" $!'�&$%&$�(#'�.", (*'&"!'�()+.'&'�$#�(#�%+*+"�

&"#&$� #"� !'&+.'� 93%+.',$#*$� &+.D"� $1(+ "�� K%*"%� %"#� %+%*$,'%� )'%'&"%� $#�

+#%*!(,$#*'.+7#� !$'�� &$� �')"!'*"!+"� A#"� %+,(�'&"%C0� 1($�  $!,+*$� '�� $%*(&+'#*$� !$'�+6'!�

'.*+B+&'&$%�  !-.*+.'%� &$� 9"!,'� �".'�� "� !$,"*'0� *!'#%9+!+$#&"� �'� +#9"!,'.+7#� $#*!$� $��

 !".$%"�/�$��$%*(&+'#*$�&$�,'#$!'�)+&+!$..+"#'������'�(,#"�(*+�+6'�/�."#*!"�'��"%�!$.(!%"%�

&+% "#+)�$%�$#�$���')"!'*"!+"0�'�*!'BE%�&$�$%*'.+"#$%�&$�*!')'8"�&$�(#'�!$&��".'��A�#*!'#$*C�

"�)+$#�'�*!'BE%�&$��#*$!#$*��

��#�$���#%*+*(*"��$.#"�72+."�&$��'%%'.D(%$**%�A���C�H>I�'�� +2('��1($�$#��'���#+B$!%+&'&�

&$����+#"+%HLI�	/�$#		�'���#+B$!%+&'&��&$���$#%+�B'#+'0�%$�&$%'!!"��7�$��."#.$ *"��������1($�
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."#%+%*$�$#�(#��')"!'*"!+"�'(*",'*+6'&"�.(/"�$1(+ "�$%*-�."#$.*'&"�'��%$!B+&"!�&$�&+.D"�

�')"!'*"!+"0� /� 1($�  ($&$� %$!� " $!'&"� $#� 9"!,'� !$,"*'0� '� *!'BE%� &$� �#*$!#$*0�  "!� �"%�

(%('!+"%�'(*"!+6'&"%���

�$�$%*'�,'#$!'� %$� !$*$#&$� +#.!$,$#*'!� %(%*'#.+'�,$#*$� $��#J,$!"�&$� (%('!+"%�&$� �"%�

%$!B+.+"%�&$�� �')"!'*"!+"�$#�*"&"�$��,(#&"�/�'�.", '!*+!� �"%�!$.(!%"%�&$�+#9!'$%*!(.*(!'�

&$�$%*$�*+ "�."#�"*!'%�(#+B$!%+&'&$%��

�'��#+B$!%+&'&��"#*+9+.+'�
"�+B'!+'#'��$&$��3#�$#��"�",)+'�.($#*'�."#�%(��')"!'*"!+"�

&$��(*",-*+.'�B3'��#*$!#$*�A����C�1($� $!,+*$�!$'�+6'!� !($)'%�!$,"*',$#*$�%")!$��(#'�

 �'#*'�&$�."#*!"���+#$'�H<I��

�'��%.($�'�&$� �#2$#+$!3'%� �#&(%*!+'�� $� �#9"!,-*+.'� $#� �'��#+B$!%+&'&�&$��$7#� A�% '5'C�

.($#*'�."#�%(��')"!'*"!+"�!$,"*"� '!'��'�$#%$5'#6'�&$��'�'(*",-*+.'0�$#��% '5'�*',)+E#�

%$� $#.($#*!'� $�� �')"!'*"!+"� &$��"#*!"�� �$,"*"� A������
0�  "!� %(%� %+2�'%� $#� +#2�E%C�

&+%$5'&"�$#��'��#+B$!%+&'&��+2($���$!#-#&$6�$#���+.'#*$HMI��

�*!"� $8$, �"� &$� $%*'� *$.#"�"23'� �'� *$#$,"%� $#��'��#+B$!%+&'&��$.#"�72+.'� &$��$!$+!'�

&"#&$�%$�$#.($#*!'�(#��')"!'*"!+"�&$�.+!.(+*"%�$�E.*!+."%�."#�'..$%"�!$,"*"HNI��

�'��#+B$!%+&'&�
'.+"#'���(*7#",'�&$��E4+."�#"�%$�1($&'�'*!-%0�%(��#%*+*(*"�&$�	3%+.'�

*+$#$�%(��')"!'*"!+"��$#*!'��&$��+.!"%." +'�1($�.($#*'�."#�(#�,+.!"%." +"�$�$.*!7#+."�

&$� '�*'� !$%"�(.+7#� /� '#'�3*+."� .' '6� &$� %$!� ,'#+ (�'&"� '� &+%*'#.+'0� �"� 1($�  $!,+*$�

 "*$#.+'!��'%�.' '.+&'&$%�&$�&$%'!!"��"�$#�$��-,)+*"�.+$#*39+."�/�$&(.'*+B"�$#�*"&"�$�� '3%�

%+#�*$#$!�1($�&$% �'6'!%$�2!'#&$%�&+%*'#.+'%HOI��

�.*('�,$#*$�%$�$%*-#�&$%'!!"��'#&"�$#�,(.D'%�(#+B$!%+&'&$%�&$��,(#&"� !"/$.*"%� '!'�

$%*'�*$.#"�"23'G��"%�!$%(�*'&"%�")*$#+&"%�$#� !"/$.*"%�'#*$!+"!$%�D'#�%+&"�%'*+%9'.*"!+"%�/�

�'%� 2!'#&$%� B$#*'8'%� 1($� *+$#$#� �"%� ."#B+$!*$#� .","� /'�,$#.+"#',"%� $#� (#'� !$'�+&'&�

(!2$#*$� '!'��'�$&(.'.+7#��

�"/� $#� &3'� �'%� '%+2#'*(!'%� �%*-*+.'0� �+#$,-*+.'� /� �+#-,+.'0� 1($� %$� +, '!*$#� $#� �'�

�+B+%+7#�&$��+$#.+'%�
-%+.'%�&$��'�	'.(�*'&�&$��#2$#+$!3'�&$��'��
��0�.($#*'#�."#�(#�

�')"!'*"!+"�#"�.(!!+.(�'!0�."#�")8$*"�&$�.", �$,$#*'!�/�,$8"!'!�$��' !$#&+6'8$� �"2!'&"�

 "!� �"%� '�(,#"%� $#� %(%� .�'%$%� *$7!+.'%�� �#'� 2!'#� .'#*+&'&� &$� '�(,#"%� %$� +#%.!+)$�

%$,$%*!$� '� %$,$%*!$� '� &+.D"%� �')"!'*"!+"%�� �$!"�  "!� 9'�*'� &$� +#9!'$%*!(.*(!'� 93%+.'� /� &$�

$1(+ ',+$#*"0��"%�2!( "%�$%*-#�%")!$%'*(!'&"%0� "!���"�1($�%$�!$1(+$!$�9"!,'!�$1(+ "%�&$�

,-%�&$�.+#."�'�(,#"%0�&+%,+#(/$#&"�%(%*'#.+'�,$#*$�$��' !$#&+6'8$�/��'�!$'9+!,'.+7#�&$�

."#".+,+$#*"%�1($� ($&$�2$#$!'!�$%*'�'.*+B+&'&���

�"!�*'��,"*+B"�%$�.!$7�$%*$� !"/$.*"0�$��.('�� !$*$#&$�)!+#&'!�(#'�" .+7#�,-%� '!'�1($�

�"%� '�(,#"%�  ($&'#� !$'�+6'!� �'%�  !-.*+.'%� &$� &+.D"� �')"!'*"!+"�� �%*$�  !"/$.*"� *+$#$�
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."#*$, �'&"� &$%'!!"��'!� %$+%�  !-.*+.'%� &+9$!$#*$%� 1($�  "&!-#� %$!� !$'�+6'&'%� &$�,'#$!'�

!$,"*'��

�+.D"� !"/$.*"�."#%+%*$�$#�$��&+%$5"�/� �'�."#%*!(..+7#�&$�(#� �')"!'*"!+"�'(*",'*+6'&"�

.(/"�$1(+ "�$%*-��."#$.*'&"�'�(#�%$!B+&"!0�/�1($� ($&'�%$!�" $!'&"�$#�9"!,'�!$,"*'0�'�

*!'BE%�&$��#*$!#$*0� "!�'�(,#"%�1($�.(!%'#��'�'%+2#'*(!'��+#$,-*+.'�/��+#-,+.'��

I.3  DESCRIPCIÓN DE LA PRÁCTICA 

�'�  '!*$� &$��  !"/$.*"� 1($� .", $*$� '� $%*$� *!')'8"� $%� �'� !$'�+6'.+7#� &$� (#� %+%*$,'�

,$.'*!7#+."� '!'��'� !-.*+.'�&$�?�($! "%�!32+&"%�."#$.*'&"%�."#�,"B+,+$#*"� �'#"@0�$#�

�'� .('�� %$� ')"!&'� �'� !$�'.+7#� &$�,"B+,+$#*"� $#*!$� &"%� .($! "%� !32+&"%� ."#$.*'&"%0� '%3�

.","��'%�9($!6'%�&$�9!+..+7#�1($�%$�2$#$!'#�$#�&+.D"�,"B+,+$#*"��

�"%�.($! "%�1($�%$�$, �$'!-#�%"#�(#�!"*"!�.+�3#&!+."�/�(#'� �'.'0�(#+&"%� "!�(#�$%�')7#�

1($� %$�D'!-#�)'8'!� "!�(#� �'#"� +#.�+#'&"0� $%*'!-� $#�(#"�&$� �"%� $4*!$,"%�&$�(#� �'#"�

+#.�+#'&"0� %(8$*'&"�  "!� (#� *!+#1($*$0� $�� .('�� '�� %$!� �+)$!'&"� &$%.$#&$!-� D'%*'� $�� "*!"�

$4*!$,"� &"#&$� %$� $#.($#*!'� (#� %"#'!� 1($� *",'!-� �"%� &'*"%� &$�  "%+.+7#0� '1(3� %$!-�

&$*$#+&"� "!�!$%"!*$%0� "%*$!+"!,$#*$�$��.($! "�!$2!$%'!-�'��$4*!$,"�+#+.+'�� '!'�!$'�+6'!�

#($B',$#*$��'� !-.*+.'��

�"%�")8$*+B"%�&$�&+.D'� !-.*+.'�%$� !$%$#*'#�'�."#*+#('.+7#��

• �� '!*+!�&$� �"%�&'*"%�")*$#+&"%� "!�%$#%"!$%0�")*$#$!� �'�2!-9+.'�1($�&$*$!,+#'� �'�

 "%+.+7#�&$��.$#*!"�&$�,'%'�&$�(#�!"*"!�$#�9(#.+7#�&$��*+$, "��

• �$*$!,+#'!��"%�,"&$�"%�,'*$,-*+."%�&$��'�!' +&$6�/�&$��,"&(�"�&$��'�'.$�$!'.+7#0�

$#�9(#.+7#�&$��*+$, "0�&$��.$#*!"�&$�,'%'�&$�(#�!"*"!��

• �� '!*+!� &$� �'� 2!-9+.'� &$� �'� !' +&$6� &$�� .$#*!"� &$�,'%'� &$�� !"*"!� $#� 9(#.+7#� &$��

*+$, "0�B$!+9+.'!�,$&+'#*$�(#� !".$%"�&$� +#*$2!'.+7#0��'��"#2+*(&�!$."!!+&'� "!�$��

.$#*!"�&$�,'%'�&$��!"*"!��

• �$*$!,+#'!� $�� ,",$#*"� &$� +#$!.+'� .$#*!"+&'�� &$�� !"*"!0� '�  '!*+!� &$� �"%� &'*"%�

'#*$!+"!$%��

• �)*$#$!� $�� ."$9+.+$#*$�&$� 9!+..+7#�.+#E*+.'� $#*!$� �'%� %( $!9+.+$%� $#�."#*'.*"�&$� �'�

)'!!'� 1($� ."#$.*'� '�� !"*"!0� '%3� .","� *',)+E#� $��,3#+,"� ."$9+.+$#*$� &$� 9!+..+7#�

$%*-*+.'� $#*!$� $��  �'#"� +#.�+#'&"� /� $�� !"*"!0�  '!'� 1($� %$� &E� $�� !"&',+$#*"� %+#�

&$%�+6',+$#*"�&$��.+*'&"�!"*"!��
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I.4  JUSTIFICACIÓN 

�%*$��')"!'*"!+"� !$*$#&$�%$!�(#'�" .+7#�,-%� '!'�'1($��"%�'�(,#"%�1($�&$%$$#�.(!%'!�$��

�')"!'*"!+"� &$� �+#$,-*+.'� /� �+#-,+.'0� %+#� ��$2'!� '� %(%*+*(+!� '�� '.*('��� ��� !$'�+6'!� $%*$�

 !"*"*+ "0� %$� +#.!$,$#*'!-� $�� $1(+ "� &$� �')"!'*"!+"� &+% "#+)�$0� &'#&"�  '(*'� '� �'�

!$'�+6'.+7#� &$� "*!"%�  !"*"*+ "%� %+,+�'!$%� ."#� �"%� .('�$%� %$� *$#&!-�,'/"!� .' '.+&'&� &$�

'*$#.+7#�'��"%�'�(,#"%��

�$�&$.+&$�&+%$5'!�(#� !"*"*+ "�#($B"0�&$%&$�.$!"�/�%"�',$#*$�*",'!�.","�!$9$!$#.+'�$��

$1(+ "�$4+%*$#*$� $#�$�� �')"!'*"!+"0� /'�1($� �'� '&' *'.+7#�&$� '�2J#�,$.'#+%,"�"� %+%*$,'�

1($� !$'�+.$� �'�  !-.*+.'� $#� 9"!,'� '(*",-*+.'� %( "#$� �'� ,"&+9+.'.+7#�  $!,'#$#*$� &$��

$1(+ "�."#�$��1($�%$�.($#*'0�'&$,-%�&$�.", �+.'.+"#$%�$#�$��&+%$5"�/�."#%*!(..+7#�&$��'%�

 '!*$%�'&' *'&'%0��"�1($� "&!3'�".'%+"#'!�(#�+#.!$,$#*"�&$�."%*"�."#%+&$!')�$��

I.5    OBJETIVOS, ALCANCES Y METAS DEL PROYECTO 

�()*+,-.	/01+,23401	

�,5*601�	 2.75+13,1	 *	 ,8/4*8*7+01	 37	 5,5+*80	 8*20+197,2.	 /010	 03+.80+,:01	 ;	
./*101	<*	=.180	1*8.+0	40	/1>2+,20	��3*1/.5	1?@,<.5	2.7*2+0<.5	2.7	8.-,8,*7+.	
/407.� 	

�42072*5	

• �#'�+6'!�$��%+%*$,'�."#�$��.('��%$�&$%'!!"��'�'.*('�,$#*$��'� !-.*+.'��

• �!" "#$!�" .+"#$%�&$�%"�(.+7#� '!'�$��&+%$5"�&$��%+%*$,'�,$.'*!7#+."��

• �$'�+6'!�$��&+%$5"�."#.$ *('��/�&$�&$*'��$�&$��%+%*$,'�,$.'*!7#+."��

• 	')!+.'!�$�� !"*"*+ "�&$��%+%*$,'�&+%$5'&"��

• �, �$,$#*'!�$��%+%*$,'�&$�."#*!"�� '!'�$��%+%*$,'��

• �$'�+6'!� !($)'%�'�� !"*"*+ "� '!'�'#'�+6'!�%(�&$%$, $5"��

• �$9+#+!�,$8"!'%�/�*!')'8"�'�9(*(!"��

�*+05	

• �+%$5"�/�."#%*!(..+7#�&$�� !"*"*+ "��

• �, �$,$#*'.+7#�&$��%+%*$,'�&$�."#*!"��/�,"#+*"!$"� '!'�$�� !"*"*+ "��

• �B'�('.+7#�$��&$%$, $5"�&$�� !"*"*+ "��

• �#*!$2'�'���')"!'*"!+"�&$��+#$,-*+.'�/��+#-,+.'0�&$��%+%*$,'�&$%'!!"��'&"��
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I.6  REQUERIMIENTOS DEL PROYECTO 

�'!'�$��&$%'!!"��"�&$�$%*$� !"/$.*"0��"%�!$1($!+,+$#*"%�9($!"#��

• ��� !"*"*+ "�&$)$� "%$$!�(#'�."#9+2(!'.+7#�1($� $!,+*'�.(, �+!�."#��"%�")8$*+B"%�

 !" ($%*"%�$#��'� !-.*+.'��

• ���%+%*$,'�&$)$� "%$$!�.'!'.*$!3%*+.'%�&$�,"#*'8$�/�*','5"�*'�$%�1($0� $!,+*'#�%(�

+#%*'�'.+7#�/�" $!'.+7#�&$#*!"�&$���')"!'*"!+"�&$��+#$,-*+.'�/��+#-,+.'��

• �'�,'#(9'.*(!'�/�$#%',)�$�&$��%+%*$,'�&$)$�%$!�*'#�%$#.+��"�.","�%$'� "%+)�$0�$#�

9(#.+7#�&$��"%�!$.(!%"%�&+% "#+)�$%0�)(%.'#&"�$, �$'!� !".$%"%�&$�,'#(9'.*(!'�/�

$#%',)�$�."#B$#.+"#'�$%��

�*2315.5	

�%*$�  !"/$.*"� 9($� &$%'!!"��'&"� $#� ."#8(#*"� ."#� $�� �$ '!*',$#*"� &$� �#2$#+$!3'�

�$.'*!7#+.'�/���'��""!&+#'.+7#�&$��+$#.+'%�� �+.'&'%�&$��'��+B+%+7#�&$��+$#.+'%�
-%+.'%0�

/�%$�."#*7�."#��"%�%+2(+$#*$%�!$.(!%"%��

�7=10*5+132+310	

• �"9*F'!$�&$�&+%$5"�'%+%*+&"� "!�.", (*'&"!'�A�"�+&P"!Q%0��')B+$FC�

• �-1(+#'%�&$�."#*!"��#(,E!+."�A*"!#"�/�9!$%'C�

• �-1(+#'%�D$!!',+$#*'�."#B$#.+"#'�$%�

• �#%*!(,$#*'.+7#�$�$.*!7#+.'�A2$#$!'&"!�&$�9(#.+"#$%0�9($#*$�&$� "&$!0�*$%�-,$*!"0�

,(�*3,$*!"C�

• �#%*!(,$#*'��&$�,$&+.+7#�2$",E*!+.'�

• 	+#'#.+',+$#*"�&$�� !"/$.*"��?�
:;<=;>�A������C@����
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II.1 METODOLOGÍA A SEGUIR 

�'�%$�D'�,$#.+"#'&"�'�2!'#&$%�!'%2"%�$�� !".$&+,+$#*"�&$��'� !-.*+.'�$#�.($%*+7#G� '!'�

%(� !$'�+6'.+7#0� %$� &+%$57� /� ."#%*!(/7� (#�  !"*"*+ "� '(*",'*+6'&"�� �� ."#*+#('.+7#� %$�

 !$%$#*'�(#'�,$*"&"�"23'�&$�&+%$5"�&$�� !"&(.*"0�'8(%*-#&"%$�'��"%�,'*$!+'�$%�/�$1(+ "�

&+% "#+)�$%� '!'�%(�."#%*!(..+7#���"%� '%"%�1($�%$�%+2(+$!"#�9($!"#��"%�%+2(+$#*$%��

• �$9+#+!�$�� !")�$,'�

• �&$#*+9+.'!��"%� (#*"%�.�'B$� '!'�$��&+%$5"�&$�� !"*"*+ "�

• �%*')�$.$!�.'!'.*$!3%*+.'%�/�!$1($!+,+$#*"%�&$�� !"*"*+ "�

• �&$'!� "%+)�$%�%"�(.+"#$%��

• �$�$..+"#'!��"%�$�$,$#*"%�/�&+% "%+*+B"%�#$.$%'!+"%� '!'�%(�."#%*!(..+7#��

• �"#%*!(+!�$�� !"*"*+ "���

• �B'�('!� "%+)�$%�,"&+9+.'.+"#$%��

• �$�$..+"#'!��"%�$�$,$#*"%�$�E.*!+."%�#$.$%'!+"%�

• �"#$.*'!�*"&"%��"%�%+%*$,'%��

�
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II.2 DEFINICIÓN DEL PROBLEMA 

�'!'�&$9+#+!� .7,"�')"!&'!� $��&+%$5"�&$�� !"*"*+ "0� %$�D+6"�(#'� !$B+%+7#�&$*'��'&'�&$� �'�

 !-.*+.'0�&$9+#+$#&"� (#*"%� .�'B$�/�B'!+')�$%�1($� +#*$!B+$#$#�$#�E%*'���'� !$'�+6'.+7#�&$��

$4 $!+,$#*"�."#%*'�&$��"%�%+2(+$#*$%� '%"%��

:� �8(%*'!�$��!+$��&$�9"!,'�1($�1($&$�D"!+6"#*'����

=�� ��$B'!�$��!+$��'��-#2(�"�&$�+#.�+#'.+7#�1($�%$�!$1(+$!'��

R� �+)$!'!� '��,7B+�� $�� .('�� .",+$#6'� %(� &$%.$#%"0�,+$#*!'%� *'#*"� %$� !$.')'� �'�

+#9"!,'.+7#�&$�B$�".+&'&�/�&+%*'#.+'�&$��,7B+�0�'�� ��$2'!�'��'� '!*$�+#9$!+"!�$��

,7B+��%$�&$*$#&!-��

>� ��$B'!�'��,7B+��'�%(� "%+.+7#�+#+.+'�� '!'�!$ $*+!�$��$4 $!+,$#*"��

II.3 IDENTIFICACIÓN DEL PROBLEMA 

�","� %$�  ($&$� ")%$!B'!� $#� $��  (#*"� '#*$!+"!0� $��  !"*"*+ "� &$)$� ."#%+&$!'!� &"%�

9(#.+"#$%� $%$#.+'�$%�� �'� ."�".'.+7#�&$�� !+$�� ."#�(#�-#2(�"�&$*$!,+#'&"�/� �'�,$&+.+7#�/�

'&1(+%+.+7#�&$�&'*"%��

�'!'� �'� ."�".'.+7#� &$�� -#2(�"� &$� +#.�+#'.+7#� %$� &$)$!-� ()+.'!� '�� !+$�� .", �$*',$#*$�

D"!+6"#*'�0�$%*"�."#�$��9+#�&$�+#+.+'!��'�,$&+.+7#�&$��-#2(�"�&$%&$�.$!"0�/�&$% (E%���$B'!�"�

'�%(�-#2(�"�&$�*!')'8"���'!'���$B'!�'�.')"�$%*"�&$�,'#$!'�!$,"*'0�%$!-�#$.$%'!+"�,"B$!�'��

,"*"!� $#� ',)"%� %$#*+&"%�  '!'� &$8'!�"� D"!+6"#*'�� /�  "%*$!+"!,$#*$� (#� %$#%"!� � +!-�

."#*'#&"��'%�B($�*'%� '!'���$B'!�$��!+$��D'%*'�$��-#2(�"�&$�*!')'8"��

�'!'��'�%$2(#&'�9(#.+7#�1($�$%��'�&$�'&1(+%+.+7#�&$�&'*"%0�%$�&$)$#�!$'�+6'!�" $!'.+"#$%�

.","� �+)$!'!� $��,7B+�0� *",'!� �"%� &'*"%� /� !$.( $!'!� $��,7B+��  '!'� .",$#6'!� (#� #($B"�

$4 $!+,$#*"�� �'!'� $9$.*('!� �'%� " $!'.+"#$%� '#*$%� &$%.!+*'%0� %$� #$.$%+*'� (#� %+%*$,'� &$�

%(8$.+7#� /� �+)$!'.+7#0� (#� ,$.'#+%,"�  '!'�  "#$!� $�� ,7B+�� $#� %(�  "%+.+7#� +#+.+'�� /� (#�

%+%*$,'�&$�,$&+.+7#0�$��.('��!$2+%*!$��'%��$.*(!'%�%"�+.+*'&'%��

�$�$%*$�,"&"��'%�" $!'.+"#$%� !+#.+ '�$%�."#��'�1($�&$)$�.(, �+!�$�� !"*"*+ "�%"#��

• 
+B$�'.+7#�&$��!+$��

• �"�".'.+7#�&$��!+$��$#�$��-#2(�"�&$%$'&"�

• �(8$.+7#�/��+)$!'.+7#�&$��,7B+��

• �$&+.+7#�&$��'� "%+.+7#�/�*+$, "�&$��,7B+��

• �"%+.+"#',+$#*"�&$��,7B+�� '!'�$��.",+$#6"�&$�(#�#($B"�$4 $!+,$#*"��
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II.4 PROPUESTAS DE LOS MECANISMOS, SENSORES Y ACTUADORES 

�#� $%*'�  '!*$� &$�� *!')'8"� %$� &+B+&+$!"#� �'%� '..+"#$%� &$� �'�  !-.*+.'� $#� %()%+%*$,'%G� %$�

 !" (%+$!"#�,$.'#+%,"%� 1($� %"#� .' '.$%� &$� .(, �+!� ."#� �'%� '..+"#$%� !$1($!+&'%�  "!�

.'&'�%()%+%*$,'��

 

II.4.1 MECANISMO PARA VARIAR EL ÁNGULO DE TRABAJO 

��."#*+#('.+7#�%$� !$%$#*'#�B'!+'%� !" ($%*'%�1($�*+$#$#��'�9(#.+7#�&$�B'!+'!�$��-#2(�"�

&$��'� �'*'9"!,'�."#�!$% $.*"�'��'�D"!+6"#*'�0�$��.('��%$�&$#",+#'�-#2(�"�&$�*!')'8"�����

,$.'#+%,"� '!'�B'!+'!�$%*$�-#2(�"�&$�*!')'8"�$%�$��$#.'!2'&"�&$�+#.�+#'!�"�$#�%(�&$9$.*"�

%()+!� /� )'8'!� �'�  �'*'9"!,'� &$�� %+%*$,'�  $!,+*+$#&"� !$'�+6'!� ,$&+.+"#$%� ."#� &+9$!$#*$%�

+#.�+#'.+"#$%�� ��� ")8$*+B"� $%� *$#$!� (#'� B'!+'.+7#� ,(/�  $1($5'�  '!'� *$#$!� (#'� ,$8"!�

 !$.+%+7#�$#�$��B'�"!�&$��-#2(�"��


.17,44.	5,7=?7	

 

Figura 1 Esquema del subsistema tornillo sinfín.�

��� %()%+%*$,'� &$� �'� 9+2(!'� :� ."#%+%*$� $#� (#'�  �'*'9"!,'� '." �'&'�  "!� (#� �'&"� '� (#'�

'!*+.(�'.+7#0�/� "!�$��"*!"�'�(#�*"!#+��"�$��.('��'��%$!�'..+"#'&"0�&$% �'6'�(#'�*($!.'�1($�

%()$�/�)'8'��'� �'*'9"!,'��
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�07,-*40�

 
Figura 2 Esquema del subsistema manivela. 

 

�%*$� %()%+%*$,'0� .","� %$�,($%*!'� $#� �'� 9+2(!'� =0� ."#%+%*$� $#� (#'�,'#+B$�'� 1($� '�� %$!�

'..+"#'&'� "!�$��,"*"!0�%()$�/�)'8'��'� �'*'9"!,'�2!'.+'%�'��'�'!*+.(�'.+7#G�&$�$%*'�,'#$!'�

%$� ($&$�B'!+'!�$��-#2(�"�&$�*!')'8"�/�'��,+%,"�*+$, "���$B'!�'��,7B+��&$�(#�$4*!$,"�'�

"*!"�&$��'� �'*'9"!,'���

�07<0A�,-.+*	

 
Figura 3 Esquema del subsistema banda-pivote.�

��'*'9"!,'�'." �'&'� "!�,$&+"�&$�(#'�'!*+.(�'.+7#�'�(#'�)'#&'0�.","�%$� ($&$�")%$!B'!�

$#��'�9+2(!'�R0�1($�'��%$!�'..+"#'&'0��'� �'*'9"!,'�B'!3'�%(�-#2(�"�� �
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�1*8044*10A/,-.+*	

 
Figura 4 Esquema del subsistema cremallera-pivote.	

�#��'�9+2(!'�>�%$�,($%*!'��'� �'*'9"!,'�'." �'&'� "!�,$&+"�&$�(#'�'!*+.(�'.+7#�'�(#'�

.!$,'��$!'0�,+%,'�1($�'��%$!�&$% �'6'&'� "!�,$&+"�&$�(#�$#2!'#$0�B'!3'�$��-#2(�"0�&$��'�

,(�*+.+*'&'� �'*'9"!,'. 

�0+.	

 
Figura 5 Esquema del subsistema gato.�

��'*'9"!,'�'." �'&'�'�(#�2'*"�,$.-#+."0�.","�%$�,($%*!'�$#��'�9+2(!'�L0�'�� "#$!�$#�

,'!.D'�$��,"*"!�$��2'*"�%()$�"�)'8'0�B'!+'#&"�$��-#2(�"�&$��'� �'*'9"!,'��
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Figura 6 Esquema del subsistema leva.�

�","� %$� ,($%*!'� $#� �'� 9+2(!'� <0�  "!� ,$&+"� &$� (#'� �$B'� '." �'&'� '� (#� ,"*"!0� �'�
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�

II.4.2  MECANISMOS PARA RECARGAR AL MÓVIL 

��."#*+#('.+7#�%$� !$%$#*'#�'�2(#'%� !" ($%*'%�&$��%()%+%*$,'�1($�*$#&!-��'�9(#.+7#�&$�

��$B'!�'��,7B+��'��'� '!*$�%( $!+"!�&$��'� �'*'9"!,'�A "%+.+7#�+#+.+'�C�$%*"� $!,+*+!-�1($�$��

,7B+��!$2!$%$�$#�9"!,'�'(*",-*+.'�(#'�B$6�1($�D'/'���$2'&"�'��'� '!*$�+#9$!+"!� '!'� "&$!�

!$'�+6'!�#($B',$#*$��'� !-.*+.'��

�.4*7.,<*A1.<08,*7+.	4,7*04	

 
 

Figura 7 Esquema del subsistema solenoide-rodamiento lineal.�

�

��� ,$.'#+%,"� 1($� %$� ,($%*!'� $#� �'� 9+2(!'� M0� ."#%*'� &$� (#� %"�$#"+&$� '." �'&"� '� (#�

!"&',+$#*"��+#$'��$��.('��%$�,($B$�,$&+'#*$�(#�.')�$�'." �'&"�'�E%*$�$#�(#�$4*!$,"�/�$��

"*!"�$4*!$,"�'�(#�,"*"!G� '!'�%()+!�'��,7B+��' !"B$.D',"%� �'� '!*$�,$*-�+.'� A,'*$!+'��

9$!!"�,'2#E*+."C�&$��,7B+����'�.('��B'�'�%$!�'*!'3&'�'��%"�$#"+&$�'��%$!�'.*+B'&"0�/�'%3�%()+!�

$��%"�$#"+&$�8(#*"�."#�$��,7B+��'��'� "%+.+7#�&$%$'&'��
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�.4*7.,<*A+.17,44.	5,7=?7	

 

Figura 8 Esquema del subsistema solenoide-tornillo sin fin.�

�%*$�,$.'#+%,"0�.","�%$�,($%*!'�$#��'�9+2(!'�N0�."#%*'�&$�(#�%"�$#"+&$�'." �'&"�'�(#'�

*($!.'� �'�.('��%$�,($B$�,$&+'#*$�(#�*"!#+��"�%+#93#0� '!'�%()+!�$��,7B+��%$�' !"B$.D'� �'�

 '!*$�,$*-�+.'�A,'*$!+'��9$!!"�,'2#E*+."C�&$��,7B+����'�.('��B'�'�%$!�'*!'3&'�'��%"�$#"+&$�'��

%$!�'.*+B'&"�E%*$�/�'%3�%()+!�$��%"�$#"+&$�8(#*"�."#�$��,7B+��'��'� "%+.+7#�&$%$'&'�	
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1,7B3*+*	

 

Figura 9 Esquema del subsistema trinquete.�

�%*$�,$.'#+%,"0�*'��.","�%$�,($%*!'�$#��'�9+2(!'�O0�."#%*'�&$�(#�*!+#1($*$�$��.('��*+$#$�

(#'�!$%*!+..+7#�,$.-#+.'��'�.('��%7�"��$� $!,+*$�2+!'!�$#�(#�%7�"�%$#*+&"0�/�(#�!$%"!*$�1($�

�"���$B'�'�%(� "%+.+7#�+#+.+'�0� '!'�%()+!�$��,7B+��%$���$B'�$��*!+#1($*$�D'.+'�$��,7B+��D'%*'�

$#2'#.D'!�"�/���$B'!�"�'��'� "%+.+7#�&$%$'&'�	 	
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�07<0	

 
Figura 10 Esquema el subsistema banda.�

��� ,$.'#+%,"� &$� �'� 9+2(!'� :;0� � ,($%*!'� &"%� ."!!$&$!'%�  "!� �'�  '!*$� +#9$!+"!� &$� �'�

 �'*'9"!,'� /� '� .'&'� (#"�&$� �"%� $4*!$,"%0� &+.D'%� ."!!$&$!'%� ."#*+$#$#� (#'� !"&+��"� 1($�

%()$� /� )'8'�  "!�,$&+"� &$�,"*"!$%� /� *+$#$#� �'� 9(#.+7#� &$� %()+!� /� )'8'!� (#'� )'#&'� �"�

%(9+.+$#*$,$#*$�!(2"%'� '!'�1($�$4+%*'�9!+..+7#�$#*!$�E%*'�/�$��,7B+�0�'��$%*'!�$#�."#*'.*"�

�'�)'#&'�/�$��,7B+�0�%$�'..+"#'�(#�,"*"!�1($�D'.$�.+!.(�'!�'��'�)'#&'� '!'�1($�E%*'�%()'�

'��,7B+��'��'� "%+.+7#�&$%$'&'���

�2./408,*7+.	

 
Figura 11 Esquema del subsistema acoplamiento.�
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���,$.'#+%,"�,"%*!'&"�$#��'�9+2(!'�::0�."#%*'�&$�(#�.')�$�1($�$%*-�%(8$*"�'��,7B+��$#�(#�

$4*!$,"0�/�$#�$��"*!"�'�(#'� "�$'�1($�$%*'�'." �'&'�'��'�9�$.D'�&$�(#�,"*"!�A"�'��'�.'8'�

!$&(.*"!'� &$�� ,"*"!C0�  '!'� %()+!� $�� ,7B+�� %7�"� %$� '..+"#'� $�� ,"*"!� D'%*'� %()+!�"� '� �'�

 "%+.+7#�&$%$'&'���

�.+.1	*7	*4	2*7+1.	

 

Figura 12 Esquema del subsistema motor en el centro.�

��'*'9"!,'�'." �'&'� "!�$��.$#*!"�'�(#�,"*"!0�.","�%$�,($%*!'�$#��'�9+2(!'�:=0�$��.('��'��

%$!�  ($%*"� $#� ,'!.D'�  ($&$� .',)+'!� *'#*"� $�� -#2(�"� &$� �'�  �'*'9"!,'0� '%3� .","� �'�

 "%+.+7#�&$��,7B+���
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�.+.1	*7	*4	*C+1*8.	

�

Figura 13 Esquema del subsistema motor en el extremo.�

�

��'*'9"!,'�'." �'&'� "!�(#�$4*!$,"�'�(#�,"*"!0�*'��.","�%$�")%$!B'�$#��'�9+2(!'�:R0�$��

.('��  ($&$� B'!+'!� *'#*"� $�� -#2(�"� &$� �'�  �'*'9"!,'� /� �'�  "%+.+7#� &$�� ,7B+��� �')$�

,$#.+"#'!� 1($� $%*$� %()%+%*$,'�  "&!3'� 9(#.+"#'!� $#� .'%"� &$� 1($� *'#*"� �'�  �'*'9"!,'�

.","�$��,7B+��#"�%$'#�,(/�2!'#&$%0�&$��"�."#*!'!+"�#"�D')!3'�(#�,"*"!�."#�*'#*"� '!�

.","� '!'�,"B$!�$��%+%*$,'��
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II.4.3 MECANISMOS PARA MANTENER EN SU POSICIÓN INICIAL Y LIBERAR AL MÓVIL 

�%� #$.$%'!+"� ."#*'!� ."#� '�2J#� &+% "%+*+B"� 1($�,'#*$#2'� '��,7B+�� $#� �'�  '!*$� %( $!+"!�

 '!'� 1($� '�� +#+.+'!� �'�  !-.*+.'� %$'� �+)$!'&"� /� .",+$#.$� %(� &$%.$#%"�  "!� �"� 1($� '�

."#*+#('.+7#� %$�  !$%$#*'#� '�2(#'%�  !" ($%*'%�  '!'� $%*$� %()%+%*$,'� 1($� *$#&!-�

 !$.+%',$#*$� $%'� 9(#.+7#0� $% $!'#&"� '� 1($� $�� ,7B+�� %$'� �+)$!'&"�  '!'� .",$#6'!� %(�

&$%.$#%"��

	

�*@31.	

 
 

Figura 14 Esquema del subsistema seguro. 
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���,7B+��$%�%"%*$#+&"� "!�,$&+"�&$�(#�%$2(!"�,$.-#+."0�.","�%$�,($%*!'�$#� �'� 9+2(!'�

:>0�$��.('��'��%$!��+)$!'&"� $!,+*$�1($�$��,7B+��.",+$#.$�%(�&$%.$#%"���
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�072D.	
	

 
 

Figura 15 Esquema del subsistema gancho.�

���,7B+��$%�%(8$*'&"� "!�,$&+"�&$�(#�%$2(!"�$#�9"!,'�&$�2'#.D"0�.","�%$�,($%*!'�$#��'�

9+2(!'�:L0�'��%$!��+)$!'&"�$��,7B+��.",+$#6'�%(�&$%.$#%"��
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II.4.4      MECANISMOS PARA DETENER AL MÓVIL 

�%�#$.$%'!+"�."#*'!�*',)+E#�."#�(#�$�$,$#*"�1($� $!,+*'�&$*$#$!�'��,7B+��(#'�B$6�1($�

��$27� '�� 9+#'�� &$�� !$."!!+&"�  '!'� $B+*'!� 1($� %+2'� &$� �'!2"0�  "!� �"� 1($� '� ."#*+#('.+7#� %$�

 !$%$#*'#� !" ($%*'%� '!'�$%*$�%()%+%*$,'��


./*	

 

Figura 16 Esquema del subsistema tope.�

�%*$�%()%+%*$,'�."#%*'�&$�(#�*" $�&$�D(�$0�.","�$��1($�%$�,($%*!'�$#��'�9+2(!'�:<0�."#�

(#� $!9+��*'��1($�$��+, '.*"�$#*!$�E%*$�/�$��,7B+�� $!,+*'�&$*$#$!�%(�,"B+,+$#*"0�'&$,-%�

$%� +, "!*'#*$� 1($� $�� +, '.*"� %$'� $#� $�� .$#*!"� &$� �'�  �'.'� &$�� ,7B+��  '!'� $B+*'!�

&$9"!,'.+"#$%��
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�*5.1+*	

 
Figura 17 Esquema del subsistema resorte.�

�%*$� %()%+%*$,'�."#%*'�&$�(#�*" $�."#�(#� !$%"!*$0�.","�%$�")%$!B'�$#� �'� 9+2(!'�:M0�$��

.('��&$*+$#$�'��,7B+��."#�(#�+, '.*"�,-%�%('B$0�$B+*'#&"�&$9"!,'.+"#$%�$#��'� �'.'�&$��

,7B+���

�*5.1+*A�8.1+,@30<.1	

 
Figura 18 Esquema del subsistema resorte-amortiguador.�

�%*$�%()%+%*$,'�."#%*'�&$�(#�%+%*$,'�!$%"!*$�',"!*+2('&"!0�.","�$��&$��'�9+2(!'�:N0��$��

.('��&$*+$#$�'��,7B+��/�',"!*+2('�$��+, '.*"�$B+*'#&"�1($�D'/'�&$9"!,'.+"#$%�$#��'� �'.'�

&$��,7B+��� �
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II.4.5 SENSORES 

�#�$%*'� '!*$�%$�,($%*!'#�&"%�&+9$!$#*$%�*+ "%�&$�%$#%"!$%0� '!'�,$&+!�&$% �'6',+$#*"�/�

 '!'� ,$&+!�  "%+.+7#� '#2(�'!G� $%*"%� %$#%"!$%� %"#� '�2(#'%� B$!%+"#$%� .",$!.+'�$%� $#� �'%�

.('�$%�%$�,($%*!'�%(� !+#.+ +"�&$�9(#.+"#',+$#*"�/�%(%�.'!'.*$!3%*+.'%�,-%�!$�$B'#*$%��

�*75.1*5	/010	8*<,1	<*5/40:08,*7+.	

�!'#%&(.*"!$%�,'2#$*"!$%+%*+B"%�

���%+%*$,'�."#%*'�&$�&"%� '!*$%0�(#'�.+#*'�,'2#E*+.'�/�(#�.')$6'�0�$��.')$6'��%$�&$% �'6'�'�

(#'� &+%*'#.+'� &$� (#"� "� &"%� ,+�3,$*!"%� &$� �'� .+#*'� �"� 1($�  $!,+*$� (#'� ,$&+&'� %+#�

!"6',+$#*"��

�%�.","�&+% "#$!�&$�(#�$#."&$!��+#$'�0�."#��'�B$#*'8'�&$�."#*'!�."#�(#'�.+#*'�,'2#E*+.'�

&$�D'%*'�R;�,�&$��"#2+*(&�&$�(#'�%"�'� +$6'���

�","� %$�  ($&$� ")%$!B'!� $#� �'� 9+2(!'� :O0� $�� .')$6'�� !$."!!$� �'� .+#*'� ,'2#$*+6'&'�

2$#$!'#&"� %$5'�$%� ,(/�  '!$.+&'%� '� �'%� 2$#$!'&'%�  "!� (#� $#."&$!�  "!� ,$&+"� &$� &"%�

.'#'�$%G�(#'�!$9$!$#.+'�/�(#�$!!"!��

 

Figura 19 Transductor magnetoresistivo.�

� �+.'.+"#$%��

�$&+&'�&$�&+%*'#.+'�/� "%+.+7#� '!'�*"&"�*+ "�&$�,'1(+#'!+'0�$% $.+'�,$#*$��'%��3#$'%�&$�

 !"&(..+7#� ."#� �'!2'%� &+%*'#.+'%� .","0� ."!*$� &$�  $!9+�$%0�  !$#%'%0�  �'*'9"!,'%0� %+$!!'%0�

 (�+&"!'%0�  "%+.+"#'&"� &$�  '#$�$%� %"�'!$%0�  "%+.+"#'&"� &$� .", ($!*'%0�  '%'!$�'%� &$�

'$!" ($!*"%0�$#%'/"%�&$�B$�".+&'&�/�&+%*'#.+'��
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1075<32+.1*5	80@7*+.*5+1,2+,-.5�	

�'�,'2#$*"$%*!+..+7#�$%�(#'�.'!'.*$!3%*+.'�&$��"%�,'*$!+'�$%�9$!!",'2#E*+."%�1($��"%�D'.$�

.',)+'!�%(�9"!,'�.('#&"�$%*-#�%(8$*"%�'�(#�.', "�,'2#E*+."���

�"&"%��"%�%$#%"!$%�+#*$2!'#�(#'�$�$.*!7#+.'�1($�$,+*$� (�%"%�'��"��'!2"�&$�(#� $!9+�0�1($�

&+% "#$� &$� &+9$!$#*$%� !'#2"%� 1($� B'#� &$%&$� �"%� :;;� '� �"%� LML;�,,�&$� �"#2+*(&0� $%*"%�

 (�%"%� %$� B$#�,"&+9+.'&"%�  "!� $�� .', "� ,'2#E*+."� &$� (#� +,-#0� $�� .('�� &$*$!,+#'� �'�

 "%+.+7#���'�$�$.*!7#+.'�,+&$� �'�&+9$!$#.+'�&$�*+$, "�$#*!$��'�$,+%+7#�/� �'�!$.$ .+7#�&$�

�"%� (�%"%�/��"�."#B+$!*$�$#�&+%*'#.+'�."#�(#'�'�*'�!$%"�(.+7#��

�'�%'�+&'�$%� !" "!.+"#'��'��!'#2"�,$&+&"�2!'.+'%�'��'�$�$.*!7#+.'�+#*$2!'&'�$#�$�� !" +"�

%$#%"!��

 
Figura 20 Transductor magneto-estrictivo.�

� �+.'.+"#$%��

�$&+&'� &$� &+%*'#.+'� /�  "%+.+7#�  '!'� *"&"� *+ "� &$� ,'1(+#'!+'0� .","�  !$#%'%0�

.", '.*'&"!$%0� �'*'9"!,'%0�%+$!!'%0� (�+&"!'%0�%$!B"�.+�+#&!"%0�$#*!$�"*!"%��

�.+*72,98*+1.5	4,7*04*5	

�"%� "*$#.+7,$*!"%� �+#$'�$%0�.","� �"%�,"%*!'&"%�$#� �'� 9+2(!'�=:0�%"#�*!'#%&(.*"!$%�&$�

&+%*'#.+'� /�  "%+.+7#� ."#� ."#*'.*"� /� !"6',+$#*"�� �'� ,$&+&'� %$� ")*+$#$� ,$&+'#*$� $��

&$%�+6',+$#*"� &$� (#'%� $%.")+��'%� %")!$� (#'�  +%*'�  �-%*+.'� !$%+%*+B'0� 1($� $#� 9(#.+7#� &$��

 (#*"�&"#&$�%$�$#.($#*!$0�&'!-�(#�B'�"!� !" "!.+"#'��$#�!$%+%*$#.+'��
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Figura 21 Potenciómetro lineal.�

� �+.'.+"#$%��

�$&+&'�&$�&+%*'#.+'�/� "%+.+7#�$#�2$#$!'��&$�,'1(+#'!+'� '!'�&+9$!$#*$%�+#&(%*!+'%0�.","�

$��&$��'�,'&$!'0� �'�.$!-,+.'�"�$�� �,-!,"�0�$#��'%�1($�#"�$4+%*$#�2!'#&$%�&+%*'#.+'%�/�%$�

)(%.'�(#'�'(*",'*+6'.+7#�%$#.+��'��

 

�*@405	<,@,+04*5	
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,(.D'� !$%"�(.+7#� /� %+#� !"6',+$#*"�  "!� *!'*'!%$� &$� *$.#"�"23'� 7 *+.'0�  $!,+*+$#&"� '%3�

,+��"#$%�&$�" $!'.+"#$%�."#�(#'�'�*'�!$%"�(.+7#��

��� %+%*$,'� ."#%*'� &$� (#�  $!9+�� �+#$'�� &$)+&',$#*$� $%.'�'&"� ."#� D($."%� " '."%� /�

*!'#% '!$#*$%� &$� 9"!,'� +#*$!.'�'&'0� '&$,-%� &$� (#� 9"*"&+"&"� /� (#� 9"*"&$*$.*"!G� �"%�

%$2,$#*"%� " '."%� +#*$!!(, $#� $�� D'6� &$� �(6� $,+*+&"� &$�� 9"*"&+"&"� '�� 9"*"&$*$.*"!0� �"�

1($�2$#$!'�(#'�%$5'��'��'�%'�+&'��

 
Figura 22 Encoder lineal.�
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�>5*1	<*	
1,07@3402,97	

�"%��-%$!$%�&$�*!+'#2(�'.+7#0�9+2(!'�=R0� !"/$.*'#�(#�D'6�&$��(6�1($�"%.+�'�9"!,'#&"�(#'�

."!*+#'� =�0� $�� .('�� +#.+&$� %")!$� �'� %( $!9+.+$� '� ,$&+!0� $%*$� D'6� $%� !$9�$8'&"� &$%&$� �'�

%( $!9+.+$� D'.+'� $�� 9"*"&$*$.*"!� &$�� ' '!'*"� ."#� (#� .+$!*"� -#2(�"� &$� +#.�+#'.+7#0� 1($�

B'!+'!-�$#�9(#.+7#�&$��'�&+%*'#.+'�,$&+&'��

�
Figura 23 Láser de triangulación.�
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Figura 24 Transductores de distancia por cable.�
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Figura 25 Sensor Ultrasónico de la serie Herian Proffer modelo HE-US23. 
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Figura 26 Potenciómetro rotativo.	
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Figura 27 Encoders.	
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Figura 28 RVDT.�
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Figura 29 Giróscopio.  
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II.4.6 ACTUADORES 
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Figura 30 Motor de pulsos.�
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Figura 31 Motor shunt.�
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�
Figura 32 Motor compuesto.�
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II.5         SELECCIÓN DEL SISTEMA 
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CAPÍTULO III       

DESARROLLO DEL PROTOTIPO 

 

 

 

III.1         CONSIDERACIONES PREVIAS 

���%$!�(#� !"/$.*"�1($�%$�!$'�+6'�&$%&$�.$!"0�%$�*+$#$�')+$!*'��'� "%+)+�+&'&�&$�$�$2+!� �"%�
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�'� ,$8"!� ,'#$!'� &$� ."#8(#*'!� *"&"%� $%*"%� %()%+%*$,'%�  '!'� 1($� �'�  !-.*+.'� %$� !$'�+.$�

%$2J#�%(%�$% $.+9+.'.+"#$%��

 

III.2         DISEÑO Y CONSTRUCCIÓN 
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Figura 33 Bocetos realizados. 

�#'�B$6�!$'�+6'&"%��"%�)".$*"%0� '!'�*$#$!�(#'�+&$'�,-%�.�'!'�&$��%+%*$,'�%$�!$'�+67�(#'�

 !+,$!'�' !"4+,'.+7#�&$�� !"*"*+ "�$#�����A�"�+&P"!Q%C0�$#�$%*$�,"&$�"�")%$!B'&"�$#�

�'� 9+2(!'�R>0�%$�,($%*!'#�*"&"%� �"%�%()%+%*$,'%�$#%',)�'&"%0�."#�,$&+&'%0�,'*$!+'�$%�/�

'.*('&"!$%�*"&'B3'�#"�&$9+#+&"%��

 

Figura 34 Primera aproximación del prototipo realizado en CAD. 
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!$%(�*'&"%�&$�&+.D'� !-.*+.'���%� "!�$%*"�1($�%$�&$.+&+7� !" "#$!�"*!'�."#9+2(!'.+7#� '!'�

$�� !"*"*+ "�

�$�!$.+)+$!"#�B'!+'%�%(2$!$#.+'%0�.","��'%�&$��'�9+2(!'�RL0� '!'�$��&+%$5"�&$��'� �'*'9"!,'0�

�'%�.('�$%�'/(&'!"#�'�D'.$!�(#�)($#�&+%$5"�&$�E%*'��

   

Figura 35 Bocetos  de sugerencias.	
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Figura 36 Esquema de la configuración final de la plataforma.�

�'!'�,'#*$#$!�(#+&'%�$%*'%�.('*!"� +$6'%�&$��'� �'*'9"!,'0�%$�&+%$57�(#�%" "!*$�$#�9"!,'�

&$�?�@�$#�$��.('��&$%.'#%'!'#��'%�.('*!"� +$6'%� '!'�9"!,'!��'� �'*'9"!,'��

�$#+$#&"�$%*'� '!*$�!$%($�*'0�%$� '%7�'��&+%$5"�&$�� !"*"*+ "�$#������

 

III.2.1 PLATAFORMA DE DESLIZAMIENTO 
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Figura 37 Riel.�

�7@34.	
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Figura 38 Ángulo.�
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�%*$�%" "!*$0�9+2(!'�RO0��*+$#$��'�9(#.+7#�&$�'." �'!�'��!+$��."#�$��-#2(�"� 

 

Figura 39 Soporte.	

�#%',)�'&"%� $�� !+$�0� $�� -#2(�"� /� $�� %" "!*$0� $�� ."#8(#*"� 1($&7� .","� %$�,($%*!'� $#� �'�

	+2(!'�>;���')$� %$5'�'!�1($�$%�#$.$%'!+"� "#$!�B'!+"%� %" "!*$%� '� �"� �'!2"�&$�� !+$�� /�&$��

-#2(�"� '!'�'%$2(!'!��'�!+2+&$6�&$��'�$%*!(.*(!'��

 

Figura 40 Ensamble de riel, ángulo y soportes.�
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�'%�>� +$6'%�&$��'� �'*'9"!,'�$#%',)�'&'%�1($&'!"#�.","�%$�,($%*!'�$#��'�9+2(!'�>:��

 

Figura 41 Ensamble de los dos rieles. 

�'!'� ,'#*$#$!� (#+&"%� �"%� &"%� $#%',)�$%� '#*$!+"!$%� /� *$!,+#'!� ."#� $�� &+%$5"� &$� �'�

 �'*'9"!,'0� %$� &+%$5'!"#� &"%�  +$6'%� '&+.+"#'�$%� '� �'%� .('�$%� %$� �$%� &+"� $�� #",)!$� &$�

$4*!$,"%��

�C+1*8.	53/*1,.1	

�%*'� +$6'0� 9+2(!'� >=0�,'#*+$#$�(#+&"%� �"%� &"%� !+$�$%� "!� (#�$4*!$,"0� *+$#$� (#'� !'#(!'�

.$#*!'�� "!�&"#&$� '%'�$��*"#+��"�%+#93#�/�.($#*'�*',)+E#�."#�*!$%�)'!!$#"%�1($�'/(&'#�'�

$#%',)�'!�"*!'� +$6'�&$��,$.'#+%,"� '!'�%()+!�'��,7B+���

 

Figura 42 Extremo superior.�

�



��������
��
�����������
�	��


 

46 

 

�C+1*8.	�7=*1,.1	

�%*'� +$6'0�9+2(!'�>R0�(#$�'��"%�!+$�$%�$#�$��"*!"�$4*!$,"0�'�%(�B$6�.($#*'�."#�(#'�%$!+$�&$�

)'!!$#"%��"%�.('�$%�'/(&'!-#�'�%" "!*'!�'��,$.'#+%,"� '!'���$B'!�'��,7B+��'�%(� "%+.+7#�

+#+.+'���

 

 

Figura 43 Extremo inferior. 
 

 

�#'�B$6�$#%',)�'&'%��'%� +$6'%�&+%$5'&'%0���'� �'*'9"!,'�1($&'�.","�%$�,($%*!'�$#��'�

9+2(!'�>>��

 

Figura 44 Plataforma.	
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III.2.2 TORNILLO SINFÍN Y CILINDRO CON ROSCA PARA VARIAR EL ÁNGULO DE 

TRABAJO 

�'!'� �'� B'!+'.+7#� &$�� -#2(�"� %$�  $#%7� $#� (#� *"!#+��"� %+#93#0� 9+2(!'� >L0� &$)+&"� '� 1($� $%�

,(.D'��'� "*$#.+'�1($�%$�#$.$%+*'� '!'��$B'#*'!�/�,"B$!�*"&'��'� �'*'9"!,'0�/��'� !+#.+ '��

.'!'.*$!3%*+.'�&$��"%�*"!#+��"%�%+#93#�$%��'�2!'#�.'#*+&'&�&$� "*$#.+'�,$.-#+.'�1($� ($&$#�

$#*!$2'!��

 

Figura 45 Tornillo sin fin.�

���.+�+#&!"�."#�!"%.'� '!'�*"!#+��"�%+#93#0�.","��'�,"%*!'&'�$#��'�9+2(!'�><0�$%�(#�.+�+#&!"�

1($� ')'!.'� $�� '#.D"�&$� �'�  �'*'9"!,'�&$� &$%�+6',+$#*"�  '!'� 1($� $�� &$% �'6',+$#*"� %$'�

,-%�(#+9"!,$0�*+$#$��'�!"%.'� "!��'� '!*$�.$#*!'�� '!'�1($�$��*"!#+��"%�%+#93#� '%$� "!�E%*'0�

/�.($#*'�."#�(#'%�!$&(..+"#$%�$#��"%�$4*!$,"%�&"#&$�%$�."�".'#�(#"%�!"&',+$#*"%0�*'��

.","� %$� ")%$!B'� $#� �'� 9+2(!'� >M0� �"%� .('�$%� D'.$#� �'� 9(#.+7#� &$� (#'%�  $1($5'%� !($&'%�

 '!'� D'.$!� $�� !$."!!+&"�,-%� %('B$0� $B+*'#&"� '��,+%,"� *+$, "� �'� 9!+..+7#� /� $�� &$%2'%*$�

$#*!$�$��.+�+#&!"�/��'� �'.'� 

 

Figura 46 Cilindro con rosca para el tornillo sin fin.�
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Figura 47 Cilindro con rosca para el tornillo sinfín con rodamientos en los extremos. 

 

III.2.3 MECANISMO PARA RECARGAR AL MÓVIL   

�%*$�%()%+%*$,'0�,"%*!'&"�$#��'�9+2(!'�>N0�$%*-�9"!,'&"� "!�$��$% -!!'2"�/��"%�%" "!*$%��

�#� !+,$!��(2'!�%$�."#%+&$!7�(*+�+6'!�(#�$% -!!'2"�$#��(2'!�&$�(#�*"!#+��"�%+#93#�&$)+&"�'��

'�*"�."%*"�1($�!$ !$%$#*'!3'�,'#(9'.*(!'!�(#�*"!#+��"�*'#��'!2"��

W(#*"�'��$% -!!'2"�%$�$#.($#*!'#�&"%�."!!$&$!'%��+#$'�$%0�.","�%$�")%$!B'�$#��'�9+2(!'�>O0�

(#'�'�.'&'� �'&"0�1($�%+!B$#� '!'�&'!�,'/"!�!+2+&$6�'�� %+%*$,'�/�$B+*'!�1($� �'� *($!.'�2+!$�

,+$#*!'%�$��$% -!!'2"�$%*-�$#�!"*'.+7#��

 

Figura 48 Esparrago con soportes.�
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Figura 49 Espárrago, guías lineales y soportes.�

���,"*"!�1($�'..+"#'!-�$��$% -!!'2"�$%�(#�,"*"!�&$�!"*'.+7#�."#*+#('�."#�$��1($�/'�%$�

."#*')'0�  '!'� $�� .('�� %$� &+%$5'!"#� (#"%� %" "!*$%0� *'�� .","� %$�,($%*!'� $#� �'� 9+2(!'� L;0�

 '!'�,'#*$#$!�"�9+8"�$#��'� �'*'9"!,'��

 

Figura 50 Motor con soportes.�

�'!'� �'� *($!.'�&$�� *!+#1($*$� %$�D+6"�(#'�,"&+9+.'.+7#0�/'�1($�%$�")%$!B7�1($� %$!3'�,(/�

.", �+.'&"�'." �'!�(#�*!+#1($*$�'�(#'�*($!.'0� "!��"�1($�E%*'�%$�&+%$57�&$�9"!,'�1($�'��

,+%,"�*+$, "�1($�%$�&$% �'6')'�!$*(B+$!'�'��,7B+�0�/�'����$2'!�'��'� '!*$�%( $!+"!0�$��,7B+��
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9($!'�%(8$*'&"� "!�(#�%$2(!"0� $!,+*+$#&"�1($��'�*($!.'�!$2!$%'!'�'��'� '!*$�+#9$!+"!�&$��'�

 �'*'9"!,'��

�'�*($!.'0�,"%*!'&'�$#��'�9+2(!'�L:0�*',)+E#�.($#*'�."#�&"%�)'!!$#"%�'�.'&'� �'&"�&$��'�

.($!&'�1($�%$�$#.($#*!'�$#�$��.$#*!"0� "!�&"#&$� '%'!'#�(#'%�2(3'%� �+#$'�$%� '!'�$B+*'!�

1($��'�*($!.'�2+!$�,+$#*!'%�$��*"!#+��"�$%*-�$#�,"B+,+$#*"��

 

Figura 51 Tuerca para subir al móvil. 

�#� �'� 9+2(!'�L=� %$� ($&$�")%$!B'!� '�� $% '!!'2"�/'� '." �'&"�'��,"*"!� "!�,$&+"�&$�(#�

." �$0� $#� $%*'�  '!*$� %$� &$)$� *$#$!� ,(.D"� .(+&'&"� /'� 1($� $�� $% '!!'2"� /� �'� 9�$.D'� &$��

,"*"!�&$)$#�$%*'!� $!9$.*',$#*$�'�+#$'&"%0�$#�.'%"�."#*!'!+"0�$��$% '!!'2"�#"�9(#.+"#'!-�

&$��'�,'#$!'�'&$.('&'�/��'�9�$.D'�&$��,"*"!�%$� ($&$�&'5'!0� "!��"�1($��'�*"�$!'#.+'�&$�

."#.$#*!+.+&'&�/�."'4+'�+&'&�&$)$�%$!�&$�X��;�:�,,��

 

Figura 52 Subsistema completo para regresar al móvil a su posición inicial.�
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�#��'�9+2(!'�LR�%$�,($%*!'�$��%()%+%*$,'�.", �$*"�'." �'&"�'��'� �'*'9"!,'� "!�,$&+"�&$�

*"!#+��"%���

 

Figura 53 Subsistema completo del esparrago acoplado a la plataforma.�
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III.2.4    MÓVIL 

���,7B+��$%*-� 9"!,'&"� "!�(#�!"*"!�&$�,"*"!0�,"%*!'&"�$#� �'� 9+2(!'�L>0�."#�$��1($� %$�

."#*')'�$#�$�� �')"!'*"!+"0� '� E%*$� %$� �$� ."�".7�(#�'(,$#*"� $#�.'&'�$4*!$,"0�#$.$%'!+"%�

 '!'�1($�$��,7B+��%$� (&+$!'�&$% �'6'!�'&$.('&',$#*$�%")!$��"%�!+$�$%���

   

Figura 54 Rotor de motor.�

���!"*"!�*',)+E#�%$��$�."�".7�(#�!"&',+$#*"�%"�&'&"�'�(#'�)'!!'�&$�'.$!"0�'�.'&'��'&"�&$�

�'� '!*$�,-%�2!'#&$�&$��!"*"!0�,"%*!'&"%�$#��'�9+2(!'�LL0�1($�*+$#$��'�9(#.+7#�&$�(#+!�'��

!"*"!�."#��'� �'.'�1($�+!-�'��9!$#*$�/� $!,+*+!�1($�E%*$�2+!$��+)!$,$#*$��

 

Figura 55 Rotor con aumentos y rodamientos.�
�
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�"!�J�*+,"�$��&+%$5"�&$��'� �'.'0�*'��.","�%$�,($%*!'�$#��'�9+2(!'�L<0�*+$#$��'�9"!,'�1($�%$�

#$.$%+*'�  '!'� 1($� %$� �"2!$� &$% �'6'!� %")!$� �"%� -#2(�"%� &$� �'�  �'*'9"!,'� &$�

&$% �'6',+$#*"G� %$� �$� D+.+$!"#� &"%� )'!!$#"%�  '!'� $#%',)�'!�"� ."#� �'%� )'!!'%� &$� '.$!"��

�%*'� �'.'�%$!-��'�$#.'!2'&'�&$�!$9�$8'!��'%�%$5'�$%�1($�$#B3'�$��%"#'!�A&$��.('��%$�D')�'!'�

,-%�'&$�'#*$C��

 

Figura 56 Placa del móvil.�

�%30�$��,7B+��.", �$*"�%$� ($&$�")%$!B'!�$#��'�9+2(!'�LM��

 

Figura 57 Móvil completo.�

�
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III.2.5      ENSAMBLE FINAL DEL PROTOTIPO 

�$�&+%$57�(#'�)'%$� '!'�$�� !"*"*+ "��'�.('��%$�,($%*!'�$#��'�9+2(!'�LN0�/�$#�E%*'�%$� ($&$�

' !$.+'!�1($�*+$#$�(#'�.'8'�$#�(#�$4*!$,"� '!'�'�)$!2'!�'��,"*"!�1($�'..+"#'!-�$��*"!#+��"�

%+#93#�A$��.('��B'!3'�$��-#2(�"�&$�+#.�+#'.+7#�&$��'� �'*'9"!,'C���

 

Figura 58 Base del prototipo.�

�'� �'*'9"!,'�$%*-�'!*+.(�'&'� "!�(#"�&$��"%�%" "!*$%�&$��,"*"!�&$��$% -!!'2"�."#��'�)'%$�

&$��%+%*$,'��

�#��'�9+2(!'�LO�%$�,($%*!'�$�� !"*"*+ "�.", �$*"� 

 

Figura 59 Prototipo. 
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���,'*$!+'��1($�%$�%$�$..+"#7� '!'��'� �'*'9"!,'�9($�)-%+.',$#*$�'�(,+#+"0�&$)+&"�'� �'%�

&+,$#%+"#$%� &$��  !"*"*+ "0� �'%� .('�$%� %$� .'�.(�'!"#� *",'#&"� .","� !$9$!$#.+'� �'%�

&+,$#%+"#$%� &$�� !"*"!� A."#� $�� .('�� %$� ."#%*!(/7� $��,7B+�C0� /� �'� #$.$%+&'&� &$� *$#$!� (#'�

 �'*'9"!,'��+2$!'�/�%(9+.+$#*$,$#*$�!32+&'� '!'�%" "!*'!�*"&"%��"%�$%9($!6"%�2$#$!'&"%�'��

!$'�+6'!��'� !-.*+.'��

�'!'��'%�*($!.'%�%$�%$�$..+"#7�)!"#.$0�&$)+&"�'�1($�$#��'�."#9+2(!'.+7#�*"!#+��"�*($!.'�$%�

 !$9$!+)�$�1($�$��&$%2'%*$�%$�&E�$#��'�*($!.'0� "!��"�1($��'�*($!.'�%$�9')!+.'�&$�(#�,'*$!+'��

,$#"%� !$%+%*$#*$� '�� &$%2'%*$� 1($� $�� *"#+��"0� /'� 1($� $%�,-%� 9-.+�� /� $%�,$#"%� ."%*"%'� �'�

9')!+.'.+7#�&$�&+.D'�*($!.'���

�'!'� �'� )'%$� %$� %$�$..+"#7� ,'&$!'� &$)+&"� '� 1($� %7�"� *+$#$� �'� *'!$'� &$� %" "!*'!� $��

 !"*"*+ "�/�#"�!$1(+$!$�#+#2(#'� !" +$&'&�,$.-#+.'�$#�$% $.+'�0�'&$,-%�1($�$%�,(.D"�

,$#"%�."%*"%"�D'.$!�'�&$�,'&$!'�1($�&$�'�2J#�,$*'����

�'*$!+'�$%�%$�$..+"#'&"%��

• ��'.'�&$�'�(,+#+"�&$�Y@� '!'��'%� �'.'%0��"%�!+$�$%�/�*"&"%��"%�%" "!*$%�

• 
'!!'%�&$�'.$!"�&$�Y@� '!'� $�� *"!#+��"�%+#93#0�$��$% -!!'2"�/� �'%� ."!!$&$!'%�

�+#$'�$%�

• 
'!!'�&$�)!"#.$�&$�:@�� '!'�$��.+�+#&!"�."#�!"%.'�&$��*"!#+��"�%+#93#�

• �"�$!'�&$�)!"#.$�&$�Z@� '!'��'�*($!.'�&$��$% -!!'2"�

• �#2(�"�&$�'�(,+#+"�&$�Z@�4�:@� '!'��'�$%*!(.*(!'�&$��'� �'*'9"!,'�

• �#2(�"�&$�'�(,+#+"�&$��[@�4�\@�� '!'��'�$%*!(.*(!'�&$��'� �'*'9"!,'�

• �'&$!'�&$� +#"�&$�\@� '!'��'�)'%$�

�'%�&+,$#%+"#$%�1($�*+$#$�$�� !"*"*+ "��%"#��'%�%+2(+$#*$%��

• �"#2+*(&�*"*'���:�<L���

• �#.D"�*"*'����;�=;���

• �"#2+*(&�*"*'��&$��!+$���:�=���

• �'!!$!'�&$��,7B+���;�O���
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III.3         MANUFACTURA 

�"&'%��'%� +$6'%�%$�,'#&'!"#�'�,'1(+#'!�%$2J#��'%�$% $.+9+.'.+"#$%�/�&+,$#%+"#$%�&$��"%�

 �'#"%0�1($�%$�+#.�(/$#�$#�$��� E#&+.$��0�&$��&+%$5"�$#�����1($�%$�!$'�+67��

�'!'��'�(#+7#�&$��'%� '!*$%�&$��'� �'*'9"!,'�%$�&$.+&+7�%"�&'!��'%� +$6'%0�&$)+&"�'�1($�$%�

#$.$%'!+"�1($��'� �'*'9"!,'�9($!'��"�,-%�!32+&'� "%+)�$�/�%+#� '!*$%�,7B+�$%�1($� (&+$!'#�

'9$.*'!� $�� &$%'!!"��"� &$� �'�  !-.*+.'�� �"!� �"� '#*$!+"!� %$� *(B"� 1($� )(%.'!� (#� *'��$!�

$% $.+'�+6'&"� '!'�%"�&'!�'�(,+#+"�/�'%3�*$#$!�(#'� �'*'9"!,'�&$�(#'�%"�'� +$6'���

���$#%',)�$�&$�*"&"%��"%�%()%+%*$,'%�%$�!$'�+67�,$&+'#*$�*"!#+��"%��� 

�#� �'� 9+2(!'� <;� %$� ")%$!B'� .7,"� %$� ' "/'� �'�  �'*'9"!,'� $#� $�� .+�+#&!"� ."#� !"%.'� &$��

*"!#+��"�%+#93#0�/��"%�!"&',+$#*"%�1($�%$�."�".'!"#�'��'�*($!.'��

 

 

Figura 60 Cilindro con rosca del tornillo sin fin. 
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�#��'�9+2(!'�<:�%$�")%$!B'��'�*($!.'�&$��$% -!!'2"�/��'%�."!!$&$!'%��+#$'�$%�1($�*+$#$�$#��"%�

."%*'&"%0� '!'�$B+*'!�1($�$%*'�*($!.'�2+!$��

 

Figura 61 Espárrago.�

�#��'�9+2(!'�<=�%$�,($%*!'�.7,"��'� �'*'9"!,'�$%*-�%(8$*'� "!�(#�$4*!$,"�'��'�)'%$0� "!�

,$&+"�&$�(#'%�)+%'2!'%0�/�$��"*!"�$4*!$,"�$%*-�' "/'&"�%")!$��'�*($!.'�&$��*"!#+��"�%+#93#��

 

Figura 62 Prototipo terminado.
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�#� �'� 9+2(!'� <R� %$�  ($&$#�")%$!B'!� �'%� )+%'2!'%� 1($� (#$#� '��  !"*"*+ "� ."#� �'� )'%$� &$��

%+%*$,'��

 

Figura 63 Bisagras. 

�%3�,+%,"0�$#��'�9+2(!'�<>�%$�,($%*!'�$��." �$�1($�*+$#$��'�9(#.+7#�&$�(#+!�'��$% -!!'2"�

."#�$��,"*"!��

 

Figura 64 Cople.�

�
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���%+%*$,'�&$�!$%"!*$%�1($�%$�(*+�+6'� '!'�&$*$#$!�'��,7B+��&$�(#'�,'#$!'�,-%�%('B$0�%$�

,($%*!'�$#��'�9+2(!'�<L��

 

Figura 65 Resortes. 

�#��'�9+2(!'�<<�%$� ($&$�' !$.+'!���'�.'!!$!'�*"*'��&$��$% -!!'2"�1($�B'�&$%&$��'� '!*$�,-%�

'�*'�&$��'� �'*'9"!,'�D'%*'��'�,-%�)'8'�&$��'�,+%,'� 

�

 

Figura 66 Carrera del esparrago.�
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�$�,($%*!'� �'� ."#9+2(!'.+7#�&$��,7B+�0� �"%� '(,$#*"%�1($� %$�&$% �'6'#�$#� �"%� !+$�$%0� �"%�

!"&',+$#*"%� %"�&'&"%� '� �'%� )'!!'%� &$� '.$!"� +#"4+&')�$� /� �'�  �'.'� $#.'!2'&'� &$� &'!�

&+!$..+7#�'�*"&"�$��,7B+�0�$#��'�9+2(!'�<M��

 

Figura 67 Móvil. 

Finalmente, en la figura 68 se puede observar el prototipo completo visto de frente, en 
posición para soltar al móvil. 

 

 

Figura 68 Prototipo completo.�

�
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�#'�B$6�*$!,+#'&"�$��$#%',)�$�&$�*"&"�$��%+%*$,'0�%$� !".$&+7�'�!$'�+6'!��'%� !($)'%� '!'�

B$!+9+.'!� 1($� %(� 9(#.+"#',+$#*"� 9($!'� $�� '&$.('&"0�  $!"� %$� $#."#*!'!"#� '�2(#"%�

 !")�$,'%0��"%�.('�$%�%$�&$*'��'#�'�."#*+#('.+7#��

'C �'� *($!.'� &$�� *"!#+��"� %+#93#� 2+!')'� 8(#*"� ."#� $�� *"!#+��"� /� %$� '*"!')'� $#� �"%�

-#2(�"%�&$�'�(,+#+"0� "!��"�1($�$��-#2(�"�&$�*!')'8"�#"�%$� "&3'�B'!+'!��

)C ���*"#+��"�%+#93#�%$�+#.�+#')'0�/'�1($�#"�*$#3'�%" "!*$�$#��'� '!*$�%( $!+"!��
.C ���,7B+�� !$%$#*')'�,(.D'�9!+..+7#�$#��"%�!"&',+$#*"%�/�$%*"%�#"�2+!')'#� "!�

�"�1($�#"� $!,+*3'#�1($�$��,7B+��&$%.$#&+$!'G�*',)+E#�$4+%*3'�9!+..+7#�$#*!$��"%�

'(,$#*"%�/�$��!+$���

&C ���,"*"!�&$��$% -!!'2"�#"�*$#3'��'�%(9+.+$#*$� "*$#.+'� '!'�!$2!$%'!�'��,7B+��'�

�'� '!*$�%( $!+"!��

�$#+$#&"�*"&"%�$%*"%�!$%(�*'&"%�$#� �'%� !($)'%�&$�� !"*"*+ "0�%$� !".$&+7�'�$�')"!'!�$��

!$&+%$5"� &$�� %+%*$,'0� � /� %$� &+$!"#� '�2(#'%�  "%+)�$%� %"�(.+"#$%� 1($� %$�  !$%$#*'#� $#� $��
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�'!'�!$%"�B$!��"%� !")�$,'%�,$#.+"#'&"%�$#�$��.' 3*(�"�'#*$!+"!�%$�D+.+$!"#��'%�%+2(+$#*$%�

,"&+9+.'.+"#$%��

IV.1         MODIFICACIONES 

�!+,$!"�%$� !" (%"� "#$!�$�(#'%�."!!$&$!'%��+#$'�$%�'��'�*($!.'� '!'�$B+*'!�$��2+!"�&$�$%*'0�

�'%�.('�$%�%$�."�".'!"#�'�.'&'��'&"�&$��*"!#+��"�%+#93#��

�#��'�9+2(!'�<O�%$�,($%*!'��"%�#($B"%�)'!!$#"%�1($�*+$#$�$��.+�+#&!"0� '!'�1($�%$�&$%�+.$�

 "!��'%�2(3'%��+#$'�$%��

�

 

 

Figura 69 Cilindro del tornillo sinfín modificado. 
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,"%*!'&'�$#��'�9+2(!'�M;0�&"#&$�&$%.'%'!-#� �'%�*!$%� +$6'%� "!��'� '!*$� +#9$!+"!0�/� "!��'�

 '!*$�%( $!+"!�%$�."�".'!-�(#'�.D(,'.$!'�."#�(#�!"&',+$#*"� '!'�1($�$��*"!#+��"� ($&'�

2+!'!� �+)!$,$#*$� /� $%*'� .D(,'.$!'� $%*'!-� '*"!#+��'&'� '� "*!'� .',+%'� &$� '�(,+#+"�� �%*"�

'/(&'!-�'�1($�$��*"!#+��"�%+#93#�#"�%$�+#.�+#$�/�%$�!", '��

 

Figura 70  Camisa inferior.�

�

�#� �'� 9+2(!'�M:� %$�")%$!B'�$��&+%$5"�&$�(#� %" "!*$�$#�?�@� +#B$!%'0�&"#&$�%$�."�".7� �'�

.',+%'�%( $!+"!�."#��'�.D(,'.$!'��

 

Figura 71 Soporte para camisa superior.�
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��� $4*!$,"� %( $!+"!� &$� �'�  �'*'9"!,'�&$� &$%�+6',+$#*"� *',)+E#� %$� *(B"� 1($�,"&+9+.'!�

&$)+&"�'��'%�2(3'%��+#$'�$%��%+�$��*"!#+��"�%+#93#� '%'� "!��'� '!*$�.$#*!'�0��'%�2(3'%�*',)+E#�

�"�*+$#$#�1($�D'.$!0� "!��"�1($�%$��$�D+.+$!"#�(#'%�!'#(!'%�.","�%$�,($%*!'�$#��'�9+2(!'�

M=��

 

Figura 72 Extremo superior modificado. 

���,7B+��%$�*(B"�1($�,"&+9+.'!�.'%+� "!�.", �$*"��

�#� !+,$!��(2'!��"%�'(,$#*"%�$!'#�,(/� $1($5"%0�,"%*!'&"%�$#��'�9+2(!'�MR0� '!'�1($�%$�

&$% �'6'!'� '&$.('&',$#*$0�  "!� �"� 1($� $%*"%� %$� !$&+%$5'!"#� ."#� (#� &+-,$*!"� ,'/"!0�

.","� %$�,($%*!'� $#� �'� 9+2(!'� M>0� ."#� �"� .('�� .',)+'� �'� &+#-,+.'� &$�,"B+,+$#*"� &$��

,7B+���

 

Figura 73 Primer aumento. 
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Figura 74 Segundo aumento. 

�#�%$2(#&"��(2'!0� �"%�!"&',+$#*"%�*',)+E#� !$%$#*')'#�&$,'%+'&'�9!+..+7#0� "!��"�1($�

%$� &+%$5'!"#� (#"%� %" "!*$%� � .","� �"%� &$� �'� 9+2(!'� ML0� $#� �"%� .('�$%� %$� +#%*'�7� $��

!"&',+$#*"� "!��'� '!*$�.$#*!'�0�/�."#�(#�)'!!$#"� "!�(#�."%*'&"� '!'�+#*!"&(.+!��'�)'!!'�

&$�'.$!"��

 

 

Figura 75 Soporte para rodamientos. 
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 "%+.+7#�+#+.+'�0�9($�&$%.'!*'&"�&$)+&"�'�1($� !"&(.3'�&$,'%+'&'�B+)!'.+7#�'�� !"*"*+ "�/�

$��*+$, "�&$�$8$.(.+7#�&$��'�*'!$'�$!'�,(/��'!2"��

�

�$�+, �$,$#*7�"*!'�%"�(.+7#� '!'�$%*'�*'!$'0� '!'��'�.('��%$�."#.+)+7��'�+&$'�&$�*$#$!�(#�

-#2(�"�#$2'*+B"�$#��'� �'*'9"!,'0�/�&$�$%*'�,'#$!'�$��,7B+�� "&!3'�!$2!$%'!�'�%(� "%+.+7#�

+#+.+'��  "!� 2!'B$&'&0�  '!'� �"2!'!�"0� %$� *(B"� � 1($� $�$B'!� $��  (#*"� &$� '!*+.(�'.+7#� &$� �'�

 �'*'9"!,'�/� '!'�$%*"�%$�&+%$57�(#�%" "!*$0�*'��.","�$��1($�%$�")%$!B'�$#��'�9+2(!'�M<0�

$#�$��.('��%$�'*"!#+��'!"#��'%�)+%'2!'%�&$��'� �'*'9"!,'��
 

 

Figura 76 Soporte para bisagras.�
�

�'!'�'%$2(!'!�'��,7B+��$#��'� "%+.+7#�+#+.+'�0�%$�&+%$5"�(#�*!+#1($*$�$��.('��$%*-�'." �'&"�

'��'.*('&"!�&$�(#�%"�$#"+&$�.",$!.+'��&$�:=;��&$�."!!+$#*$�'�*$!#'��

�

���,7B+�� *$!,+#'&"�%$�,($%*!'�$#� �'%� 9+2(!'�MM�."#�*"&'%� �'%�,"&+9+.'.+"#$%�D$.D'%0�$��

+#.!$,$#*"�&$�&+-,$*!"�&$��"%�'(,$#*"%�/��"%�%" "!*$%�&$��"%�)'�$!"%0��'%�)'!!'%�1($�B'#�

(#+&'%�'��'� �'.'�,$&+'#*$�(#�*"!#+��"�/�."#�(#� !+%+"#$!"�$#�$��%" "!*$G��'&$,-%�&$�$%*'%�

,"&+9+.'.+"#$%� '�� &+%$5"0� %$� .()!+$!"#� �"%� '(,$#*"%� ."#�  �-%*+."� A)-%+.',$#*$� (#'%�

%$..+"#$%�&$�,'#2($!'�&$�=@�&$�&+-,$*!"C0�&$)+&"�'�1($��"%�'(,$#*"%�$%*-#�D$.D"%�&$�

'�(,+#+"�'�� +2('��1($� �"%�!+$�$%� "!�&"#&$�."!!$#0�/�'�� %$!�&$��,+%,"�,'*$!+'�� $4+%*$�(#�

'�*"�."$9+.+$#*$�&$�9!+..+7#�$#*!$�$%*"%0� "!��"�1($�$4+%*$�(#�,'/"!�&$%2'%*$�/�$B+*'�1($�$��
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!"*"!�2+!$��+)!$,$#*$G�'�� "#$!�$%*$� �-%*+."�%")!$��"%�'(,$#*"%�D'.$#��'�,+%,'�9(#.+7#�

1($� (#'� ��'#*'� $#� (#� '(*",7B+��  "!� �"� 1($� $�� !"*"!�  ($&$� *$#$!� !"*'.+7#�  (!'0� %+#�

&$%�+6',+$#*"���

 

(a)                                                                   (b) 
 

 

                             (c)                                                              (d) 
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                                              �������������������������(e)   
Figura 77  Móvil, (a) Prototipo, (b) vista superior, (c) vista frontal, (d) vista lateral, (e) 

soportes y aumentos 
�

���*!+#1($*$�%$�!$'�+67�."#�(#�!$%"!*$0�.","�$��,"%*!'&"�$#��'�9+2(!'�MN0�1($�%$�."�".7�$#�

$��'.*('&"!�&$��%"�$#"+&$�$��.('��D'.$�1($�E%*$�*$#2'�#"!,'�,$#*$�%(��"#2+*(&�,-4+,'�/�

'�� '.*+B'!� $�� %"�$#"+&$� %$� !$*!'$� /� !$2!$%'� '� %(� "%+.+7#� +#+.+'�G� �'� '!*$�1($�$#2'#.D'�'��

,7B+�� %$� !$'�+67�."#� (#� *!"6"�&$� %"�$!'�&$� '�(,+#+"0� *'�� .","�%$� ($&$�")%$!B'!0� /� %$�

."!*7� $#� 9"!,'� &$� *!+-#2(�"� ."#� (#�  $1($5'� !'#(!'� �'� .('�� !$*+$#$� �'�  �'.'� &$��,7B+��

$B+*'#&"� 1($� E%*$� %$� &$%�+.$0� /� %$� '!*+.(�7� '�� '.*('&"!� &$�� %"�$#"+&$� 2!'.+'%� '� (#'�

 $!9"!'.+7#�1($�*+$#$�E%*$�/�."#��'�'/(&'�&$�(#� $!#"�2(3'��

�

�"&"� $%*$� ,$.'#+%,"� %$� ,"#*7� %")!$� (#� %" "!*$� !$.*'#2(�'!� &$� ,'&$!'0� $�� .('�� %$�

,($%*!'�$#��'�9+2(!'�MO0�/�%$�'." �7�'��'� �'*'9"!,'� "!��'� '!*$�+#9$!+"!�."#�*"!#+��"%��

 

Figura 78 Trinquete. 
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Figura 79 Solenoide-trinquete. 

	

�#'�B$6�*$!,+#'&'%��'%�,"&+9+.'.+"#$%�/�$#%',)�'#&"�%$� +#*'!"#��'%� '!*$%�D$.D'%�."#�

,'&$!'�J#+.',$#*$� "!�,"*+B"%�$%*E*+."%���#��'�9+2(!'�N;�%$�,($%*!'�(#'�B+%*'�9!"#*'��&$��

 !"*"*+ "�*$!,+#'&"��
 

	

Figura 80  Prototipo, vista frontal.�
�
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�#� �'� 9+2(!'� N:� %$� ,($%*!'� �'� ,-4+,'� +#.�+#'.+7#� 1($�  ($&$� '�.'#6'!� $��  !"*"*+ "0�

' !"4+,'&',$#*$�:LV�%")!$��'�D"!+6"#*'���

�

�
 

 

 

Figura 81  Inclinación máxima. 
�

	
�#��'�9+2(!'�N=�%$�")%$!B'��'�'!*+.(�'.+7#�&$��'� �'*'9"!,'G��'%�)+%'2!'%�$%*-#�'*"!#+��'&'%�

'��%" "!*$�1($�$�$B'�$�� (#*"�&$�'!*+.(�'.+7#�/�'/(&'�'�1($��'� �'*'9"!,'� ($&'�*$#$!�(#�

-#2(�"�#$2'*+B"���

�

 

Figura 82  Articulación. 
�

�

�'� 9+2(!'�NR�,($%*!'� $��,-4+,"�-#2(�"�#$2'*+B"�1($�'/(&'�'�1($� $��,7B+�� !$2!$%$� "!�

2!'B$&'&�'��'� "%+.+7#�+#+.+'��%+#�#$.$%+&'&�&$�(#�,$.'#+%,"�1($��"�D'2'�  
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Figura 83 Ángulo negativo.

	

 

�'��9+2(!'�N>�,($%*!'��'�9"!,'�$#�1($�$��*!+#1($*$�&$*+$#$�'��,7B+�0�$B+*'#&"�1($�%$�

&$%�+.$�,+$#*!'%�%$�,($B$��'� �'*'9"!,'��
 

�
�

Figura 84 Móvil y trinquete.�
�

�'� 9+2(!'� NL� ,($%*!'� �'� B+%*'�  "%*$!+"!� &$��  !"*"*+ "0� $#� �'� 1($� %$�  ($&$� ")%$!B'!� �'�

."#9+2(!'.+7#�&$��,$.'#+%,"�1($�B'!3'�$��-#2(�"�&$��'� �'*'9"!,'��
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Figura 85 Prototipo, vista.�

�

�

En $%*'�9+2(!'�N<�%$�")%$!B'��'� '!*$� "%*$!+"!�&$�� !"*"*+ "G�%$� ($&$�B$!��'�&+% "%+.+7#�

.", �$*'� &$�� ,$.'#+%,"� 1($� B'!3'� $�� -#2(�"� &$� �'�  �'*'9"!,'0� *"!#+��"� %+#93#0� *($!.'0�

."!!$&$!'%0�.',+%'%�/�,"*"!��

 

 

Figura 86 Tornillo sinfín y correderas.	
�

�

�"#�$%*"0�%$�."#.�(/7�$��&+%$5"�/�,'#(9'.*(!'�&$� �'� '!*$�,$.-#+.'�&$�� !"*"*+ "0�/�%$�

 !".$&+7�'�!$'�+6'!�$��&+%$5"�&$��'� '!*$�$�$.*!7#+.'�/�&$�."#*!"���

�



��������
��
�����������
�	��


 

74 

 

	 	

	 	



��������
%
��#���!������&��
������&����
'
��������


 

75 

 

	

	

	

����

��		�						

	���
�
���
������	����
������	�	���
���							

	

	

	

V.1   INSTRUMENTACIÓN 

�#'�B$6� �&+%$5'&"�/� ."#%*!(+&"�$�� !"*"*+ "0� $%�#$.$%'!+"� +#%*!(,$#*'!�"� '!'�")*$#$!�

*"&'��'�+#9"!,'.+7#�#$.$%'!+'� '!'�!$'�+6'!�$��."#*!"��/�'(*",'*+6'.+7#�&$��,$.'#+%,"��

�#�$%*$�.'%"��"�1($�%$�!$1(+!+7�."#".$!�&$��,$.'#+%,"�$%��

• �')$!�1($�$��,7B+��%$�$#.($#*!'�$#�%(� "%+.+7#�+#+.+'��

• 	+#�&$�.'!!$!'�&$��,7B+��

• ����3,+*$�%( $!+"!�&$��'� �'*'9"!,'�

• ����3,+*$�+#9$!+"!�&$��'� �'*'9"!,'�

�$� #$.$%+*'#� %$5'�$%� &$� $#.$#&+&"S' '2'&"� A�������� 1($� &+2'#� .(-#&"� $%*-� "� #"� $��

,$.'#+%,"�$#�$%'� "%+.+7#�/� '!'�$%*"�%$�(*+�+6'!"#�&"%�*+ "%�&$�%$#%"!$%��+#*$!!( *"!$%�

,$.-#+."%0�.","��"%�&$��'�9+2(!'�NM�H:=I0� '!'��'� "%+.+7#�&$��,7B+��/�9"*"+#*$!!( *"!$%0�

%+,+�'!$%�'��"%�1($�%$�,($%*!'#�$#��'�9+2(!'�NN�H:=I0� '!'��"%��3,+*$%�&$��'� �'*'9"!,'���$�

$%."2+$!"#�$%*$�*+ "�&$�%$#%"!$%�� "!�%(�9'.+�+&'&�&$�+, �$,$#*'.+7#�/�)'8"�."%*"��
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Figura 87 Interruptores mecánicos              

  

Figura 88.Fotointerruptor�

�'!'�,$&+!�$��-#2(�"�&$�+#.�+#'.+7#�&$��'� �'*'9"!,'0�%$�(*+�+67�(#�$#."&$!�&$�(#�&+$#*$0�

*'��.","�%$�,$#.+"#7�$#�$��' '!*'&"����L0�1($�%$�,"#*7�$#��'�)'%$�&$��*"#+��"�%+#93#��

�#�*"*'��%$�*+$#$#�%$+%�%$5'�$%��������/�(#�*!$#�&$� (�%"%�&'&"� "!�$��$#."&$!G�E%*'�$%�

*"&'��'�+#%*!(,$#*'.+7#�#$.$%'!+'� '!'�!$'�+6'!�$��."#*!"��&$��,$.'#+%,"��

V.2   ELECTRÓNICA 

�#� $%*'�  '!*$� %$� $4 �+.'� �'�  '!*$� $�$.*!7#+.'� &$�� %+%*$,'� &$� ."#*!"��� �#� �'� 9+2(!'� NO� %$�

,($%*!'�(#�&+'2!','�&$�&+.D'�."#9+2(!'.+7#��
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Figura 89 Diagrama de bloques de la configuración electrónica.	

�7+10<05	 ;	 504,<05	 <,@,+04*5�� �'%� %$5'�$%� &+2+*'�$%� (*+�+6'&'%� %"#� %$5'�$%� ���� A�72+.'�
*!'#%+%*"!�*!'#%+%*"!C�1($�,'#$8'#�B"�*'8$%�&$�;�/�L��� '!'�!$ !$%$#*'!��"�1($�$%�(#�;�/�(#�

:� �72+."%0� !$% $.*+B',$#*$���'%� $#*!'&'%�&+2+*'�$%� %"#�(%'&'%� '!'� �'%� %$5'�$%�2$#$!'&'%�

 "!��"%�%$#%"!$%��/��'%�%'�+&'%� '!'�'.*+B'!��"%�'.*('&"!$%���

�3*7+*	<*	 04,8*7+02,97����� %+%*$,'�#$.$%+*'� &$� (#� &+% "%+*+B"� 1($� �$�  !" "!.+"#$� �'�
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Figura 90 Etapa de potencia para el solenoide, basado en un optoacoplador y un triac. 
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Figura 91 Etapa de potencia para el motor.	
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V.3   CONTROL 
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�
Figura 92 Microcontrolador PIC.�
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Figura 93 PLC. 
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Figura 94Tarjeta DAQ de National Instruments.�
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Figura 95 Diagrama de flujo principal del programa del microcontrolador. 
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Figura 96 Diagrama de flujo de la interrupción del programa del microcontrolador.�
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Figura 97 Diagrama de flujo de la interrupción del programa del microcontrolador 
(continuación).	
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V.4   INTERFAZ GRÁFICA 
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Figura 98 Panel Frontal de la interfaz gráfica. 

 

Figura 99 Panel Fontal de la interfaz gráfica.�
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Figura 100 Ventana de calibración.�

���*$!,+#'!�&$�.'�+)!'!0�$��%+%*$,'�$%*-��+%*"� '!'�$, $6'!��'� !-.*+.'G�$��%+2(+$#*$� '%"�$%�

1($�$��(%('!+"�+#*!"&(6.'�$��-#2(�"�&$�+#.�+#'.+7#�&$%$'&"0�%$� ($&$�$%."2$!�(#�-#2(�"�

$#*!$�;V�/�=>V�A'(#1($�$��,7B+��%$�$, +$6'�'�&$%�+6'!�&$��'� �'*'9"!,'�'� '!*+!�&$��"%�=;V0�

' !"4+,'&',$#*$0�  $!"� $%*"� %$!B+!-�  "!� %+� %$� &$.+&$� ."#%*!(+!� "*!"� ,7B+�� ,-%�

'&$�'#*$C0 '!'� +#*!"&(.+!� (#� -#2(�"� $#*!$� ;V� /� =>V� %$� $%.!+)$� $�� #J,$!"� $#� �'� .'8'� &$�

*$4*"0� 9+2(!'� :;:0� $#� �'� %$..+7#� &$� -#2(�"� &$� �'�  '!*$� +61(+$!&'� � &$��  '#$�� 9!"#*'�� /� %$�

 !$%+"#'� $�� )"*7#� @�#*$!@G� %+� %$� 1(+$!$� (#'� +#.�+#'.+7#� &$� =LV� %$�  !$%+"#'� $�� )"*7#�

�-4+,"� '!'�*$#$!��'�,-4+,'�+#.�+#'.+7#�&$��%+%*$,'��



��������
%
��#���!������&��
������&����
'
��������


 

93 

 

�($2"� &$� +#*!"&(.+!� $�� -#2(�"� &$%$'&"0� %$� $#B3'� $�� &'*"� '��,+.!"."#*!"�'&"!�  '!'� 1($�

.",+$#.$�'� %()+!� �'� �'*'9"!,'0�$#� �'� '!*$�&$!$.D'�&$�� '#$�� 9!"#*'��$4+%*$�(#'�.'8'�&$�

*$4*"�."#��'�$*+1($*'��#2(�"G�$#�$%*'�.'8'�%$�&$% �$2'!-�$��-#2(�"�'.*('��&$��'� �'*'9"!,'�

,+$#*!'%� B'� %()+$#&"0� $�� ,+.!"."#*!"�'&"!� *!'#%,+*$� $�� B'�"!� &$�� �+,$!� :0� 1($� $%� $��

."#*'&"!� 1($� ��$B'� �'� .($#*'� &$� �'%� B($�*'%� &'&'%�  "!� $�� $#."&$!� /� � �"%� .'*$*"%� &$��

*!+'#2(�"� !$.*-#2(�"� 9"!,'&"�  "!� $�� %+%*$,'� A$�� .'*$*"� " ($%*"� %$� ."#".$� *$#+$#&"� $#�

.($#*'�1($�$��*"!#+��"�%+#93#�*+$#$�&+$6�D+�"%� "!� (�2'&'0� "!��"�*'#*"�.'&'�:;�B($�*'%�1($�

&'� $�� $#."&$!� $�� .'*$*"� " ($%*"� +#.!$,$#*'� (#'�  (�2'&'G� /� $�� .'*$*"� '&/'.$#*$� 1($� $%�

."#%*'#*$0�%$�$%�,$&+&"�&$%&$�$�� (#*"�&$�'!*+.(�'.+7#�'��'�)'%$�&$��*"#+��"�%+#93#C0�(%'#&"�

�'�9(#.+7#�*'#2$#*$�+#B$!%'�%$�")*+$#$�$��-#2(�"�&$�+#.�+#'.+7#�&$��'� �'*'9"!,'��

 

Figura 101 Panel frontal. 
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Figura 102  Diagrama de flujo de la interfaz. 
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CAPÍTULO VI      

CONCLUSIONES Y RECOMENDACIONES 
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�=OR� /� �=ON� 1($� %$� (*+�+6'!"#� .","� $*' '� &$�  "*$#.+'� %$� 1($,')'#0�  "!� �"� 1($� %$�

."#%*!(/7� (#� .+!.(+*"� A�($#*$� �C� ."#� *!'#%+%*"!$%� ���:=;� /� ���:=L0� &+"&"%� /� (#�

!$�$B'&"!�."#�$��.('��%$�!$%"�B+7�$%*$� !")�$,'��

�#� "*!'%�  !($)'%� %$� ")%$!B7� 1($� $�� ,7B+�� %7�"� %$� &$%�+6')'� %+#� #+#2J#�  !")�$,'� $#�

-#2(�"%�,(/�.$!.'#"%�'��-#2(�"�,-4+,"�1($�&'��'� �'*'9"!,'� ($%�$4+%*3'�,(.D'�9!+..+7#�

$#*!$� �'�  �'.'� &$�� ,7B+�� /� �"%� -#2(�"%� &$� �'�  �'*'9"!,'0�  "!� �"� 1($� %$� �$� '&D+!+7� (#�

.()!$.'#*"�&$�,$�'#+#'��'��'%�%( $!9+.+$%�1($�$%*-#�$#�."#*'.*"� '!'�&+%,+#(+!��'�9!+..+7#0�

/�."#��"�.('��$��,7B+���"2!7�*$#$!��(#�,"B+,+$#*"�,-%�%('B$�/�."#%*'#*$��

�#�.('#*"�'��9(#.+"#',+$#*"�&$��"%�&$,-%�,$.'#+%,"%�&$��%+%*$,'0�$��*"#+��"�%+#93#�%()$�

/�)'8'��'� �'*'9"!,'�%+#�#+#2J#� !")�$,'�/�$��*!+#1($*$�."#�$��%"�$#"+&$�9(#.+"#'�%$2J#�

�"�$% $!'&"��

�#� ."#.�(%+7#� %$� �"2!"� .(, �+!� ."#� �"%� ")8$*+B"%� 1($� %$�  �'#*$'!"#� $#� $%*$� *!')'8"0�

'(#1($�*"&'B3'�9'�*'#�'�2(#"%�&$*'��$%0�.","��'�,'#(9'.*(!'�&$��.+!.(+*"�+, !$%"� '!'��'�

$�$.*!7#+.'�/��'�+, �$,$#*'.+7#�&$��'�+#*$!9'6�2!-9+.'0� '!'�1($�$%*E�*"*'�,$#*$��+%*'� '!'�
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�*2.8*7<02,.7*5	;	+10(0).	0	=3+31.	

�

�","�!$.",$#&'.+7#�%$�%(2+$!$�&+%$5'!�"*!"�,7B+���1($�%$�,($B'�."#�,'/"!�9'.+�+&'&�

 '!'�  "&$!� *$#$!� (#� ,'/"!� !'#2"� &$� -#2(�"%� &$� *!')'8"G� '%3� ,+%,"0� %+� %$� 1(+%+$!'�

&+%,+#(+!�$��*+$, "�&$�!$'�+6'.+7#�&$�.'&'�$B$#*"�1($�$%�' !"4+,'&',$#*$�&$�&"%�'�*!$%�

,+#(*"%� "!�$B$#*"0� "&!3'�!$$, �'6'!%$�$��,"*"!�"�9')!+.'!�"*!"�*"#+��"�%+#93#�A."#�%(�

!$% $.*+B'�*($!.'C�."#�,$#"%�D+�"%� "!� (�2'&'���

�","�*!')'8"�'�9(*(!"�1($&7� $#&+$#*$��'�9')!+.'.+7#�&$��.+!.(+*"�+, !$%"� '!'��'� '!*$�

$�$.*!7#+.'�AB$!�' E#&+.$�RC�$��.('��/'�$%*-�&+%$5'&"0�'%3�.","�$��,"#*'8$�&$��%"#'!�'��'�

$%*!(.*(!'�&$� �'� �'*'9"!,'�A�'� �'*'9"!,'�.($#*'�."#� �"%�)'!!$#"%�#$.$%'!+"%� '!'�%7�"�

'*"!#+��'!C0� �'� +, �$,$#*'.+7#�&$� �'� +#*$!9'6�2!'9+.'�1($�%$�B'�'�(*+�+6'!� '!'�."#*!"�'!�'��

%+%*$,'�!$,"*',$#*$0�/� "#$!�'�9(#.+"#'!�"�$#�$���')"!'*"!+"��
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�/E7<,2*	G	 	 �,5+0	<*	80+*1,04*5	;	2.8/.7*7+*5	*4*2+197,2.5	

�0+*1,04		 �07+,<0<	
Placa de aluminio de  ½” de espesor :=;
���4��L;
������

Barra de acero de ½” de  diámetro :L;
�����

Barra de bronce de 1” de diámetro =;
����

Solera de bronce de ¼” de espesor :;
���4��:;
����

Madera de pino de ¾”  de espesor =;;
���4��R;
����

Barra de aluminio de 2” de diámetro <
����

Ángulo de aluminio de ¼” x 1”  =>;
������

Ángulo de aluminio de  �” x ¾”   >;
������

Barra de acero de  �” de diámetro =>;
�����

Manguera de hule de 2” de diámetro interior� <
�����


+%'2!'%�&$�=@	 =�

�"!#+��"%	'��$#	&$	Z@�4��½”� :L�

�D(,'.$!'�&$�Y@�&$�&+-,$*!"� :�
�"&',+$#*"�&$�Y@�&$�&+-,$*!"�+#*$!+"!� =�

�"&',+$#*"�&$�a@�&$�&+-,$*!"�+#*$!+"!� =�

�+8'%�&$�Z@�4�:@� :L�
�($!.'%�&$�Z@�&$�&+-,$*!"� :;�

�!+%+"#$!"%�&$�[@�4�Z@� <�
�"!#+��"%�&$��[@�4��=@� N�

��'B"%�&$��[@�4�=@	 R;�

�$�',+#'�.()!$.'#*"� R;;
�����
�"&',+$#*"%�&$�Y�@� =�

�"&',+$#*"%�&$�RSN@� =�
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�.8/.7*7+*5	*4*2+197,2.5	

�.8/.7*7+*	 �07+,<0<	
�$%+%*$#.+'�&$�RR;��	 >�

�$%+%*$#.+'�&$�>M���	 R�

�$%+%*$#.+'�&$�>M;��	 :�

�$%+%*$#.+'�&$�:;;��� :�

�$%+%*$#.+'�&$�=�=���� L�

�$%+%*$#.+'�&$�:���� =�

�'*!+6�&$�".D"��$&%� :�

�'*!+6�&$�".D"�!$%+%*$#.+'%�&$�RR;��� :�

� *"'." �'&"!����R;;=	 :�

�!+'.�
�:RM	 :�

�"#&$#%'&"!�&$�:;;���� :�

�$�$B'&"!� :�

�#*$2!'&"�M>��;>� :�

�!'#%+%*"!�
�L>N� R�

�!'#%+%*"!����:=;� =�

�!'#%+%*"!����:=L� =�

�+"&"�
��LNN� >�

�#*$!!( *"!�,$.-#+."%� >�

	"*"+#*$!!( *"!$%� R�

�"*"!�&$�!"*'.+7#�."#*+#('�&$�=>�����'(� :�

�"*"!�&$�!"*'.+7#�."#*+#('�&$�=>���."#�.'8'�!$&(.*"!'�'�R�� :�

�"�$#"+&$�&$�:=;���&$�."!!+$#*$�'�*$!#'� :�

�
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�/E7<,2*	H	 	 	 �407.5	

��'#"�:���#2(�"�

��'#"�=���#2(�"�*($!.'�

��'#"�R���(,$#*"�:�

��'#"�>���(,$#*"�=�

��'#"�L��
'#."�

��'#"�<��
'!!'��� �'.'�

��'#"�M���',+%'�+#9$!+"!�

��'#"�N���',+%'�%( $!+"!�

��'#"�O���" �$�

��'#"�:;���% -!!'2"�

��'#"�::���4*!$,"�+#9$!+"!�

��'#"�:=���4*!$,"�%( $!+"!�

��'#"�:R���4*!$,"�%( $!+"!�=�

��'#"�:>��	�$.D'�&$�$% -!!'2"�

��'#"�:L��	�$.D'�&$�%+#93#�

��'#"�:<����'.'�&$�,7B+��

��'#"�:M���+$��

��'#"�:N���" "!*$�:��"*"!�&$�$% -!!'2"�

��'#"�:O���" "!*$�=��"*"!�&$�$% -!!'2"�

��'#"�=;���" "!*$�&$�$% -!!'2"�

��'#"�=:���" "!*$�&$�!+$��

��'#"�==���" "!*$�,"*"!�%+#93#�

��'#"�=R���"!#+��"�%+#93#�

��'#"�=>���($!.'� '!'�$% -!!'2"�

��'#"�=L���($!.'� '!'�*"!#+��"�%+#93#�

��'#"�=<���($!.'� '!'�*"!#+��"�%+#93#�=�
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�/E7<,2*	I	 					�,0@1080	*5B3*8>+,2.	<*4	2,123,+.	*4*2+197,2.	<*	2.7+1.4	

1 1

2 2

3 3

4 4

D
D

C
C

B
B

A
A

BC548

M
O

C3002

TIP120

TIP125

330

R1
100pF

C1
1

2

LED
1

BT137

330

R2

470

R3

TIP120

TIP125

BC548
2.2K

R4

2.2K

R7

1K R6
1K R5

N
TE588

N
TE588

N
TE588

N
TE588

Relevador

BC548

1K R16

330
M

atriz de R

M
atriz de leds

330
330
R8

330

47K

330

47K

330

47K

1
2

74LS04A

PW
M

Sentido de giro

Foto interruptor inferior

Foto interruptor superior

Sensor posicion inicial

Sensor fin de carrera

Solenoide

Encoder

+24V

G
N

D
G

N
D

G
N

D
G

N
D

G
N

D
G

N
D

G
N

D
G

N
D

G
N

D

V
CC

V
CC

V
CC

V
CC

V
CC

V
CC

V
CC

V
CC

G
N

D

V
CC

G
N

D

G
N

D

PC.1

PC.0

PB.7

PB.6

PB.5

PB.4

PB.2

PB.1

Fotointerruptor inferior
Encoder

Fotointerruptor superior

Sensor de posicion inicial
Sensor de fin de carrera

A

-

+

M
otor

Solenoide

120V
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�/E7<,2*	J	 	 	 �5/*2,=,202,.7*5	<*4	���GL�NOO�	

	

	

�

�

�

�

�



��������
��
�����������
�	��


 

140 
 

�

�



��(�����#�


 

141 
 

�

�



��������
��
�����������
�	��


 

142 
 

�



��(�����#�


 

143 
 

�

�



��������
��
�����������
�	��


 

144 
 

�



��(�����#�


 

145 
 

�/E7<,2*	K	 	 �,5+0<.	<*4	/1.@1080	<*4	8,21.2.7+1.40<.1	*7	*7508(40<.1	

�
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����� � ��]�� ;^=:� � G�����
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�;^=:���������]����������

�������� ��]�� ;^==� � G�����
�������������
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�
������ ��]�� ;^=;� � G�����
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�;^=;���������]������


�
������ �
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