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ET03 : Analog Position Control for DC Motor 
D.4E�0$"�%/�.FGH�/#-H�F3.�IJ(��F%/�5�J/)()#�:(0:1;"K/+<.L)M�);�H"��*%�-+5"�)  �3H,N�%D!JHO��* (;�H"��*H.NP�)#/%;F
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5�J/)�-00:(0:1;H�)   H'NP�H�F3.�IJ%/�5�J/)()#�:(0:1;%/�H:,NP�.�FPM�);�H"��* 

HO��* (;�H"��*H4R.�14%�2*�FPD!J;/%D.�S<�N�H:�NP�)0�.(��310$):$0 D!J5K/<�$0:(0:1;"K/+<.L)%/�<;1. H.NP�)#/%5/;/�SD!J
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 (;�H"��*  H!L.5K/<�$0D.HO��* (;�H"��*�1L.�$P(&4 :(/;%(J/)'$,5* 1.5 ms #-�K/D<J;�H"��*�3ILD."K/+<.L)%UP)%,/)  SJ/:(/;%(J/)
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</%&;L"J�)%/�D!JHO��* (;�H"��*%Q5/;/�SD!J;�H"��*%�-+5"�)&�J +"L"J�)�K/%/�"L�+%.<;1.M�);�H"��*HMJ/%$0"$(
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������� 

1. HO��* (;�H"��* �1L.�-&�%Q&�J �FP&;LD!J+,J(  (�IJHMF3.D!JM�) GWS �1L. S04 BBM) 
2. ��/.O�5H"��* TIP31C 1 "$( 
3. ��/.O�5H"��* TIP32C 1 "$( 
4. Op-Amp LM324 <�N� LM 741 1 "$( 
5. "$("J/.�/.4�$0:L/&�J (POT)  +004�$0 volume 1 "$(  (D.HO��* (;�H"��*;F�3IL+,J(�F%<.UP)"$() 

6. +<,L)#L/3&d ±10V 

��������� !"� 

�I4�FP 1 +5�) block diagram M�)�-00:(0:1;"K/+<.L)M�);�H"��*  �3:L/"K/+<.L)M�);�H"��*�FP"J�)%/� (desired 
motor position) #-SI%.K/;/H4�F30H�F30%$0"K/+<.L)M�);�H"��*#��) (actual motor position) OUP)�,"L/)<�N� error #-SI%:I2�J(3
:L/H%. K +,-5L)H4R.+�)�$.&ddi/�FP#L/3D<J%$0;�H"��* 

θ
d
θ

 
�#�$%& 1  Block diagram -�!�.��/ �/�012��345!0�61��� 

0,Q�% motor driver <�N� amplifier &;L;F�,D.+00#K/,�)M�)�-00 +"L(L/#K/H4R."J�)D!JD.�/)4E�0$"� H.NP�)#/% Op-Amp 
&;L5/;/�S�FP#-#L/3%�-+5H'F3)'�5K/<�$0%/�M$0;�H"��* �3"�)&�J #U)"J�)�L/."$(M$0%L�.#L/3+�)�$.D<J%$0;�H"��* 
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Controller Compare differences        Gain K   Amplifier 

 
Feedback 

�#�$%& 2  Schematic diagram -�! !"�/ �/�012��345!0�61��� 

+�.�$)()#�+5�)D.�I4�FP 2 SI%��%+00D<J"$("J/.�/.4�$0:L/&�J"$(<.UP) (+5�)D.�I4 �3 FEEDBACK_POT) <;1."/;
%/�<;1.M�);�H"��* (�/#D!J(��FH!NP�;+%.<;1.�$G)5�)HMJ/�J(3%$. �3"�)<�N�D!JHdl�)H4R."$(H!NP�;%Q&�J)  5K/<�$0HO��* (;�H"��*"$(
"J/.�/.4�$0:L/&�J.FG&�J"L�%$0;�H"��*�L/.!1�Hdl�)&(JH�F30�J�3+,J(  5L(."$("J/.�/.4�$0:L/&�J�F%"$(<.UP) (+5�)D.�I4 �3 
CONTROLER_POT) H4R."$(:(0:1;%/�<;1.M�)"$("J/.�/."$(+�%D<J<;1."/;�$"�/5L(.H�F3(%$. #U)#L/3&d Vmax (M/ 1) +,- 
Vmin (M/ 3) D<J�$G)5�)"$(H�L/%$.:N� +10V +,- -10V "/;,K/�$0 

H;NP�;F%/�<;1."$("J/.�/."$(�FPD!J:(0:1; #-&�J:L/+�)�$.:L/<.UP)OUP)+"%"L/)#/%+�)�$.#/%+�)�$.�FP&�J#/%"$("J/.�/."$(
�FP"L�%$0;�H"��* .K/+�)�$.�$G)5�);/</:(/;"L/)�$%��6 �3D!J()#� difference amplifier #-&�J:L/+�)�$.�FP#-D!J<;1.;�H"��* +,-
H;NP�;�H"��*<;1.&4 #-�K/D<J+%.M�)"$("J/.�/."$(�FP"L�%$0;�H"��*<;1."/;&4�J(3 #.SU)#1��FPD<J+�)�$.&d��%;/H�L/%$0
+�)�$.&d�FP��%;/#/%"$("J/.�/."$(�FPD!J:(0:1; �K/D<J�,"L/)#/%()#� difference amplifier H4R. 0V �K/D<J&;L;F%�-+5&<,&4�FP
;�H"��* ;�H"��*#U)<31�<;1.D."K/+<.L)%K/<.� �3"$("J/.�/."$(�FPD!J:(0:1; 

H'NP�D<J;F%�-+5;/%'�#U)#K/H4R."J�)D!J()#�M$0;�H"��* (Amplifier)  �3D!J��/.O�5H"��* TIP31C +,- TIP32C �$)D.�$)
()#�MJ/)"J. 

H'NP�H'�P;�$"�/5L(.+�)�$.H'NP�D<J;�H"��*<;1.&43$)"K/+<.L)�FP"J�)%/�&�JH�Q( +,-�$%q/"K/+<.L)D<J;$P.:)3�P)MUG. H�/#U)D!J()#� 
inverting op-amp ;/M$G.%,/)�-<(L/)()#� difference amplifier +,- motor amplifier D.�$)()#�MJ/)"J.��%+00D<J;F
�$"�/5L(. 1:5 V +"L()#� inverting op-amp D<J+�)�$.�FPM3/3+,J(H4R.,0 (-) #U)"J�)�K/%/�5,$0M$G(;�H"��*H5F3%L�.#U)#-<;1.&�J
SI%����/) 

.�%#/%.FG H�/5/;/�SD!J op-amp H'F3)"$(H�F3(&�J �3D!J()#� difference amplifier H'NP�H'�P;�$"�/5L(.&�J�$)+�.�$)()#�
D.�I4�FP 3 
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�#�$%& 3  Schematic diagram -�! !"�/ �/�012��345!0�61���$%&@A@��B!C3DCED Op-Amp 6H%I!1A 6@%I  

 

���15� !"� 

 
�#�$%& 4  ���15� !"�/ �/�012��345! 
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�#�$%& 5  ���15�1A 1D�4$�4��A�/5�L@D (Feedback POT) 6-D��A�0�61���C46O���P 0�61��� 

    
QB���$@B�! 

 H;NP�:(0:1;5$rr/2��.'1��J(3ds)%*!$.H#.H.�H�H"��* +�.%/�:(0:1;�L/."$("J/.�/.4�$0:L/&�J  �3:(0:1;D<J#L/3
5$rr/2 square wave �FP:(/;"L/)�$%��6 Peak-Peak �FP +5 +,- -5V #-&�J�,%/���,�)�$)+5�)D.�I4�FP 6 

 
�#�$%& 6  ���1��S4�!-�!0�61���$%&0% overshoot 

 #-5$)H%"&�J(L/#-H%��5$rr/2H�/�*'1�0/)5L(.�FPH�F3%(L/ overshooting +5�)D<JH<Q.(L/H;NP�;F%/�H4,FP3.:L/5$rr/2
��.'1� ()#�#-'3/3/;#L/3%�-+5D<J;�H"��*<;1.&43$)"K/+<.L)�FPD<J:L/5$rr/2H�/'1��FP"�)%$. +"L%/��K/)/.D.!L(3+�%;F%/�
#L/3%�-+5;/%H%�.&4�K/D<JM�);�H"��*<;1.H%�."K/+<.L)�FP:(�#-H4R.("K/+<.L)�FP�K/D<J5$rr/2H�/'1�H5SF3�) #U);F feedback 
�K/D<J;�H"��*<;1.%,$0#.H%��5$rr/2H�/'1��FPH5SF3�MUG."/;,K/�$0 +,-#-&�J5$rr/2H�/'1�:)�FP"�/0H�L/�FP5$rr/2��.'1�;F
:L/H�L/H��; �$G).FG%/�H%��  .$G.H%��#/%:L/ Gain K ;/%H%�.&4#U)�K/D<J;�H"��*<;1.�J(3�$"�/H�L)5I) H%�.%(L/�,%/�"�05.�)#/% 
feedback #-4�$05IL:L/�FPH<;/-5;&�J�$. ;�H"��*#U)<;1.H,3"K/+<.L)�FP:(�<31�&4 

%/�:(0:1;�FP�F�FP51�:N�%/��FP;�H"��*<;1.HMJ/5IL"K/+<.L)�FP"J�)%/�&�J�(�H�Q(�FP51� �3�FP&;LH%�� overshooting H�/H�F3%(L/
%/�H%�� critically damped 5/;/�S</&�J �3%/�4�$0 Gain K D<J&�J�$"�/5L(.�FPH<;/5;  �3%/���,�)H4,FP3. R6 H4R."$(

Over shooting 
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"J/.�/.+004�$0:L/&�J +,J(��,�)<;1.&43$):L/:(/;"J/.�/."L/)T #.&�J%�/d�FP;F:125;0$"��$)%,L/(MJ/)"J. #/%()#��FP"L�&(J
#-&�J:L/�FPH<;/-5;�FP51�5K/<�$0 R5 +,- R6 :N� 1:1.77 OUP)#-&�J%�/d�$)+5�)D.�I4�FP 7 

 

 
�#�$%& 7  ���1��S4�!-�!0�61������ critically damped 

 

 


