
 !"#$%#&'(&)*+,'-.(/0#"12(/34!#$!'056789$5:;$#$%#&'<%%=>?(8>@
 

A-3B-=/CD@0=6/E"F08-' <GF@A'="@0"1(/A-7H;5$!7-H 
 

+!#$-H!$-I$ ""'?JJK!<GF#('=-$0:("D@#)F$-I$ ""'I!A:"D@'*!$-35!G;570"I$"@: 3L!M=B-N ( 0'1(/ O =-C)&MG 65000

Email: sittipongpa@hotmail.com, sompornru@yahoo.co.uk 

 

 

       !"#$%&'( –  !"#$%#&'()*+,*-$./*0123*4  567"# "6%

0689:;%&"#$%.)<*73#)=>  ?+@07+1 A7)23*4  567"# "6%

0689:;%&/$%$=B'C$)"#$%.)<*@73BDE13241 +!+);2C05(F#A%E14G>
H=&%$2=I0E?J,*!+F"# "6%0689:;%&%+I*$711×1×11K62L1/-$9=( 

M$="# "6%0689:;%&"#$%.)<*.GJ0MN530&*.#0=O.20=O.?JF0H=( 

=>7( "#$%.=<#I0E?(7G%"0)GO.)<*4G>%0.20=O"0%.?=/.P0=O
N*=>  !-$"#$%.)<*N93.9%$>/%M( 0689:;%&!+F230EM$=1/-$9=( 

M$=?(Q*$23*4  N53AH=4M=%4GH#&#1.?JF05C#)/=3$E4  '-$G0E

=>  "# "6%?+@07+4G>N53M$=O70&*.20=O.K/RDAQ USB-6009S1

N*M$=2&72C0=>9#C$EP0K4#=OM( T$=O74#=O/-$9=( =;H4  M$=

"# "6%#&U+P+.MG0=OV*&A"G/O=C#%M( #&U+M$=H=( 4  G0EW&7G0E

B;MN53N*M$="-$*#82(#4H=WG20 /*0E.?JF0.HX*2(#4H=?J,*Y$*

HZ0*N934MC?+@07+1? #C$23*4  /$%$=B"# "6%0689:;%&:$)N*
?J,*!+F "# "6%@730)C $E%+H=>/&!U&:$? 14G>)&F E @HM#C $*(,*

WG20 /*0EI0E0689:;%&"# "6%.HX*4  @%C?6CE.M&*14G>%+"C$

"#$%W&7?G$7!+F/:$#>"E2(#I0E0689:;%&"# "6%@%C.M&*1[1\]^1

0E_$.PG.P+)/ 
 

 !"#!" $% – :;$#$%#&'<%%=>?(8>, 0#"12(/34!#$!'0567,   

<GE$-$, PG:(%A7(/,  !"=&L/0 -7 
 

   Abstract   This1research paper presents a prototype 

of cooling temperature control by a PID system. 111111111111111
The prototype of the cooling temperature control 

prototype can provide up to 324 Btu/hr.  The area 

volume of the controlling chamber is 1×1×1 ft
3
. The 

inverter was used for adjusting the speed1levels            

of either evaporator fan or motor compressor in the 

refrigerator’s system in order to control the set point of 

the cooling temperature.1To1develop of the prototype, 

the LabVIEW program is utilized to simulate the PID 

control system and the interface card, DAQ USB-6009, 

is used for communicating between the software and 

hardware. For control methodology, the Ziegler-

Nichols method combined with the trial and error1
method is used for calculating the responding 

parameters, which is the basic parameter for feeding 

the PID. It found that the prototype can control the 

temperature inside the controlling chamber efficiently.1
Moreover, the controlling temperature respond is non-

overshoot and the steady state error of the controlling 

temperature is less than ± \]^1degrees Celsius.1

 

&&Keywords – PID Controller, Refrigerator, LabVIEW, 
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1.  !*-$ 

@@@"F%%#$%#&' "F%$7 !"Q7+!#(&:A!* ""'@M85@@@@@@@@@@@@@@@
AL$7Q*RL7;S7 "F%$7 !"@(Process) 0ET7<%%"F%%(;78;%*7U2/@
(First Order), "F%%(;78;%A(/@(Second Order) <GF?EO7VU/
"F%%(;78;%A,/@(Higher Order)@"$'?EVU/ "F%$7 !"3>2'>0$G!
?"9PG:(%A7(/@(Dead Time) WU2/ "F%$7 !"34!#$!'05670ET7
 "F%$7 !"#$%#&'(&)*+,'-<%%*7U2 / @3>2 ?89'> !"74!?E
E"F5& :DQH9 ;7(5L !/ $9 !/.$!/Q7+!#(&:A!* ""'@M85
#&)G; C)F.(/ "F%$7 !"34!#$!'0567@0ET7 "F%$7 !"<%%
(;78;%*7U2/3>2'>0$G!?"9PG:(%A7(/"L$'(5,L89$5@(First Order 

Plus Dead Time) WU2/:;$#$%#&'3>2?89";%#$!'7-5'74!?EQH9/!7
Q7 !"#$%#&' "F%$7 !"M85AL$7Q*RL#1(:;$#$%#&'E"F0+3
=>?(8>WU2/E"F (%?E89$5@:;$#$%#&'<%%=>@(P Controller),  

:;$#$%#&'<%%=>?(@(PI Controller) <GF:;$#$%#&'<%%=>?(8>@
(PID Controller) [1-4]@O&808L7*G; 3>234!Q*9:;$#$%#&'E"F0+3
=>?(8>?89";%#$!'7-5'A,/#1( !"*!#L!=!"!'-0:("D.(/:;$#$%#&'
A!'!"V34!?89/L!5M85 !"38G(/E";%<:L/*!#L!Q7"F*$L!/ !"
#$%#&'O"-/?89M85?'L:9(/QH93XCY>3>20 >25$.9(/ ;% !"#$%#&'
'! 7; @<GFQ*9PGQ7"F8;%3>27L!=(QO 

Q7%3#$!'7>S74!0A7(@ !"(( <%%:;$#$%#&'<%%=>?(8>
A4!*";%E"F5& :DQH9Q7 !"#$%#&'(&)*+,'-.(/0#"12(/34!#$!'
0567@M85 !"(( <%%:;$#$%#&'<%%=>?(8><GF !"#$%#&'
(&)*+,'-.(/0#"12(/34!#$!'05677;S7@?89 "F34!%7ME"< "'@@



 !"#$#% !&'()*+,-./$012/,-134%(DAQ USB-6009) '0*+,
,564784599+:,&;#7+8</=>$#12/,-*56/?"*,:-<#6<?=1<,@A/8BC+
<#+=1DE0%4C+;,56*+,B.!/8F&BC+*+,<#6<?=1<,@A/8BC+<#+=1DE0
.)#D25#<#6<?= 66>GH/.G%I.DF&BC+*+,",56 278>+,+=$12/,-
J/825#<#6<?=1>@A/';)H.)K!2/640/8BGAH=7=G*+,>?781*$0 !&
4+=+,L1J)+4M7<7 + 1"N+;=+D !&,5*O+,&.56';)<8BGA I.D'()
,&D&1#!+H=71*$0%20 0+BG%

%

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

  ,M" 66J/8*+,<#6<?= 66>GH/.G%I.DB5A#H"4+=+,L
 4.8H.).58P+>%1%I.D4+=+,L 67825# ",J/825#<#6<?=//*%%%%%%%%
1"Q0%R% 66%.580GS%Kp%1"Q0/52,+JD+DJ/825#<#6<?=>G, Ki 1"Q0
/52,+JD+DJ/825#<#6<?=H/ !&% Kd 1"Q0/52,+JD+DJ/825#
<#6<?=.G TUA8<#+=;=+DJ/825# ",B5S8%R% 66%<@/%25# ",>G% 
(P);=+DLU845.47#0%VProportionalW %I.D>$F+,:+<7+<#+=
K$.>!+.BGA1*$.JUS0'0J:&05S0%25# ",H/%(I) ;=+DLU8 /$0BG*,5!%
VIntegralW %F&>$F+,:+K!,#=J/8<7+<#+=K$.>!+.'0 27     
!&(7#81#!+% !&25# ",.G%(D);=+DLU8/0?>50X-%VDerivativeW%          
F&>$F+,:+*+,1"!GAD0 "!8J/8<7+<#+=K$.>!+.27/1#!+%%            
;+*>$F+,:+,&66<#6<?= 66>GH/.G'0,M"BGA%Y%4+=+,L1JGD0
4=*+,<:$2Z+42,-.580GS 

 

0

( )
( ) ( ) ( )

t

p i d

d e t
u t K e t K e d K

dt
  ! " "#           (1) 

 

I.DBGA%u(t) <@/%4599+:<#6<?=,%e(t) = r(t) – y(t) <@/%<7+
<#+=K$.>!+.;,@/<7+K!27+8J/8*+,<#6<?=TUA81"Q0/$0>?2J/8
25#<#6<?= 66>GH/.G,%y(t) <@/%4599+:1/+B->?2J/8,&66BGALM*
<#6<?=% !&%r(t) <@/%4599+:/)+8/$8J/8*+,<#6<?= 
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d
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-./0)123%,M" 66I.DB5A#H"J/8,&66<#6<?= 66>GH/.G 

 

4C+;,56*+,",56<7+>+,+=$12/,-J/825#<#6<?=",&1PB>GH/.G%
LM* 0&0C+I.D#$XGTG1*!/,-[0$I<!4-%%[5-7] 10@A/8F+*1"Q0#$XGBGA
1;=+&4C+;,56,&66BGA=G*+,2/640/8BGA<7/0J)+8()+  !&'()H.)
*56,&66BGA=G14LGD,P+>J:&BGAD58H=7=G*+,<#6<?=1B7+05S0%1"Q0
#$XG*+,;+<7+>+,+=$12/,-I.D>$F+,:+F+*K!2/640/8J/8
,&6627/4599+:/$0>?2 663\8*-(50J5S0650H.%F&'()#$XG*+,
"N/04599+:/$0>?2 66J5S0650H.';)*56*,&6#0*+,.58    
 4.8'0,M"BGA%2  !&650BU*K!2/640/8J/8*,&6#0*+,25S8 27
1,$A=2)0F0K!2/640/81J)+4M74P+#&<825#%.58,M"BGA%3%% 

%

 

-./0)124% K0P+>6!E/*H./& *,= 4.8*+,B.!/8;+<7+>+,+=$12/,-J/8
25#<#6<?=",&1PB>GH/.G 

 

F+*,M"BGA 3  4.8K!2/640/8J/8*,&6#0*+,%TUA84+=+,L
<C+0#:;+<7+% R  !&%L%1>@A/0C+H"<C+0#:;+<7+>+,+=$12/,-;,@/
<7+/52,+JD+DJ/825#<#6<?= 66>G% 66>GH/% !& 66>GH/.G%H.)
F+*2+,+8%1 %

  
-./0)125%K!2/640/8J/8*,&6#0*+, 
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I.DBGA%%%y1 <@/ <7+BGA4P+#&<825#%
        y2 <@/%<7+BGA4P+#&1,$A=2)0 

 
 



 !"!#$%&'( !"#$"%&"'"#"()*+,#-.,/+01%12%3(45161)7898*!:,#-;<)=%:>- 
 

 

 )*+*,+-. Kp Ki Kd 

P 1/RL - - 

PI 0.9/RL Kp/3.3L - 

PID 1.2/RL Kp/2L 0.5KpL 

 

3. /!"00/1,, )*+*,+-.1,,2%304%45*6178*9* 

#?22%12%3(,3@$AB()*%#CD,/EF"%1"(*6G<>"("#H*.86<2<
=I#J!#(J:I1)145162:G,!K4,?J!#(40/#BIE8D L =46=I#J!#(
E8D*.86<I#?!,2KI4516 >&1<#02>0MM"@N"!,3I!#@-104,3@$AB()
J:51JI:/*IO<%&",3@$AB()N#)/ %&",3@$AB()N#)/E8DK45N?HB!>&/+&,KI
60/>&1<104%&"%1"(P)4':"4 *(CD,K45%&"%1"(P)4':"4N?HB!>&/
+&,KI60/+01%12%3(J22'8K,48  %&" *,"E-'3+.,/+01%12%3(
I#?*AE'8K,48%C,>0MM"@%12%3(N?HB!NF"!04>0MM"@%12%3(
Q$5,6B&Q<#?402 R;S *<CD,/N"!(8.5,NF"!04.,/,3I!#@-E8DEF"$<5"E8D
*TCD,(+&,#?$1&"/%,(')1*+,#-J:?,3I!#@-%12%3( $:0/N"!<0U<NV/
EF"!"#>&/>0MM"@%12%3(P&"<E"/>&1<>&/>0MM"@,,!J2&/
,,!*IO<>0MM"@%12%3(%,(*'#>*9,#-J:?>0MM"@%12%3('04
:(%,6:-*6G< =46E8D>&1<>34E5"6<0U<K45!F"$<46&"<%1"(H8DQT5/"<
.,/%,(*'#>*9,#-J:?'04:(40/+"#"/E8D 2 

 

 !"!#$%&'( !"#$%&'!()'*'+,-*.-/01!203-!456"1$#6/ 
 

)*++!,-./-01 
-.!12%&-3145")463"7'

(Hz) 

-.!12%&5*891'
(Hz)'

0 0 0 

1 30 4 

2 30 8 

3 30 12 

4 40 16 

5 50 20 
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4. <!"33<=//">//-./-01?3#4-"@&3#$A!-.!14BCD 

&'!.:%.;/&'!()'.:'/0=7+&!"()'%+.-/1?:09-!4@#=AB<

@>!5&!/56>:?: 3CD*&'!!$%2E*2$FF'G!"H:E'*.-/1?:09-!4

56"-;>&!G4.:%.;/ AB<&'!4#-?+09-!40I2 (DAQ USB-6009) 

A+&'!!$%2E*2$FF'G (2$FF'G.:%.;//J,+'# 0-5 @:694) @#=

(JD2$FF'G.:%.;/K"LM&2E*NE'+8>=$*-;>&!G45>6*5!*#$+ (0-5 

@:694) 0>O+&!"52 P4-20 /?66?5-/5>!4Q 2)'H!$%0>O+-?+1;9,-*

-?+0:-!409-!401RD-()'H+<'(JD.:%.;/.:'/0!7:!-%,-*/-09-!4

.-/01!203-!456"1$#6/.-=640=7+ &'!9!:K:$#-;GHSM/?AB< 

-'!4(J#J0>O+9$:9!:K:$# BE:*,-*-;GHSM/?(JD2'/'!L:$#8#<-=ME

A+BE:* TUV LC* WVV -*X'03603J=2 -;>&!G45>6*2$FF'G!$%.E'

K'&-'!4(J#J01RD-5>6*2$FF'G-;GHSM/?(JD:$#8#<AH<-=MEA+BE:* VTU 

@:694 !"%%.:%.;/,-*0.!RD-*()'.:'/0=7+52#*8#<#$*!M>(JD 5 
 

 
":;$%&'  !"%%.:%.;/,-*0.!RD-*()'.:'/0=7+ 

 

 



5.  !"#$%&!'(  

 !"#$!%&'()*+,-&'./01&+,"&23*4"5+657)/%&'()*
8$289:&9;<7=:5%&'.8*01&'+>)8$):.?@!!AB!CD2#'&&(.3E!C2C"#$!C
80&C()*+,-&'<)8#)/)*):5.F&*G%&'FA$8$289:D22/HI&,H,J$?
$56HKH.(-&*GL!5M8-"G D-4()*+,-&'8$289:(*42$!()*,J$?FA$
8$289:D22/HI&,H  
 

5.1  !"#!$%!&!"!'()*+",-+.*/0$01$2'&34+5356070(8393) :+",;

<(=$:>, 

+>)()*3N&!"AOO);8$289:.+#)(A2CPC <J(A2(*42$!()* 
D-42A!+Q(R-F&2"!&'%&'(*42$!()*FAB'DF#.*51:FJ!S!
R-F&2"!&'.%J)"=#"7)$48'FA$C,A'*=3+H1C6CC 
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$)*%+,-  R-F&2"!&'%&'*4228$289:D22$'.3T, 

 

CCCS)(*=3+H1C6 "):)*U!>)8#)C R D-4CLCD+!-' !F)*)'+H1CVC
,A'!AB!S4I,J8#)/)*):5.F&*G%&'FA$8$289:/HI&,H,A'F)*)'+H1CW 

 

.#$#(%+,-/C/)*):5.F&*G%&'FA$8$289:D22/HI&,H 
 

.01213245 Kp Ki Kd 

PID -0.696429 -0.001658 -73.125 

 

CCCCCS)(F)*)'+H1C3C /2$#)8#)&AF*)%?)?%&'FA$8$289:F5,-2
.!01&':)S)(()*<)8#)CRC !AB!FJ&'!>)8#)&9;<7=:5"9,+J)?+H1&?=# !
"7)$48'FA$-2,J$?8#)&9;<7=:5.*51:FJ!CS4.<@!$#)8#)&9;<7=:5
"9,+J)?!AB!:H8#)!J&?($#)CSQ'+>) <J8#)CRC+H1<)I,JF5,-2C.:01&!>)8#)CRC
D+!-' !F)*)'+H1C1CSQ'+>) <J8#)&AF*)%?)?%&'FA$8$289:F5,-2CC

C
C
C

C

5.2  !"$01$2' "?10< !"5607*/0$01$2'@11&34+53 

()*+,-&'8$289:(*42$!()*,J$?FA$8$289:D22/HI&,HCS4
+>)()*8$289:M,? XJ/)*):5.F&*G+H1<)S)($56HKH.(-&*GL!5M8-"G
.3E!/)*):5 .F&*G%&'FA$8$289:CM,?+>)()*FAB '8#)&9;<7=:5
.3N)<:)?.3E!C5, 10CD-4 15 &'Y).K-.KH?"CD-4 XJ.$-) !()*
+,-&'C1 XA1$M:'C(3600 $5!)+H) "):)*UD",'R-()*+,-&'I,J
,A'*=3+H1C7 

 

 

$)*%+,-! R-F&2"!&'%&'*4228$289:,J$?FA$8$289:D22/HI&,H 
 

/2$#)R-F&2"!&'+H1I,JS)(()*<)/)*):5 .F&*G,J$?$56HC
KH.(-&*GL!5M8-"G!AB!.(5,()*/9#'.(5!D-4.%J)"=#"7)$48'FA$XJ)C
M,?.Z/)4?51'8#).3N)<:)?&?=#I(-S)(8#)FAB'FJ!?51'+>) <J()*/9#'.(5!
D-4.$-).%J)"=#"7)$48'FA$:H8#):)(%QB! 

R=J$5SA?SQ'D(J3[OO)M,?()* XJ$56HD22-&'R5,-&'U=(C(Trial 

and Error) C./01&+H1S4+>) <JR-F&2"!&'.(5,()*/9#'.(5!D-4.$-)
.%J)"=#"7)$48'FA$!J&?-'CM,?()*!>)/)*):5.F&*G%&'FA$8$289:
D22/HI&,H+H1I,J:)S)($56HKH.(-&*GL!5M8-"GC.3E!8#)FAB'FJ!">)<*A2
()*+,-&'3*A2DF#'FA$8$289:,J$?$56H-&'R5,-&'U=(S4+>)CCCCCC
()*+,-&'+H18#).3N)<:)?.3E!C5C&'Y).K-.KH?"C%AB!D*(">)<*A2
()*3*A2DF#'R=J$5SA ?S4+>)()*./51:D-4-,/)*):5 .F&*G CKp CCCCCCCCC
8*AB'-4 25% M,? XJ8#)&AF*)%?)?,A'F)*)'+H1CC4 D-4"):)*U
D",'R-F&2"!&'%&'()*3*A28#)CKp I,J,A'*=3+H1C8 

 

.#$#(%+,-"C/)*):5.F&*G%&'FA$8$289:D22/HI&,HM,?()*3*A28#)CKp 
C

.01213245 Kp Ki Kd 

    Kp 75%C -0.522322 -0.001658 -73.125 

    Kp 125% -0.870536 -0.001658 -73.125 

    Kp 150%C -1.044644 -0.001658 -73.125 

 



 
 !"#$%&' !"#$%&'$()$(*+%%,-./$0*1%234 Kp 

 

   5%63474*,58/-234 Kp '19'&4-4*:";23474*5<3(,78')$(
!"#$%&'$("(=;>?;@234AB/;BAB/&<;C4774*A;"$(0*1%2342.$  
Kp 150%  

   )19'#$'#3$=0C+,0D'74*0*1%234  Ki ?;@74*'E4234  Kp 

150% C4774*A;"$(AB/!34'-4'E4-4FG>,0D'2342(AB/H"+C+AE474*
,58/-H"+";54*4-8,#$*I Ki 2*19("+ 25% ?;@FG>234$1#*4)@4@;1(
#4*4(AB/ 5 H"+&4-4*:H&;(!"#$%&'$()$(74*,0"B/@'H0"(
234  Ki =;>;1(*J0AB/ 9 

 

() )*#$%&  54*4-8,#$*I)$(#1626%2<-H%%5B=$;B?;@74*0*1%234 Ki 

 

(+,-,.-/0 Kp Ki Kd 

    Ki 25% -1.044644 -0.000415 -73.125 

    Ki 50% -1.044644 -0.000829 -73.125 

    Ki 75% -1.044644 -0.001244 -73.125 

    Ki 125% -1.044644 -0.002073 -73.125 

 

 

 
 !"#$%&9 !"#$%&'$()$(*+%%,-./$0*1%234 Ki 

  5%63474*"8234 Ki '19'&4-4*:"823474*5;3 ( ,7<')$(
!"#$%&'$("(=8>?8@234AB/8BAB/&;8C4774*A8"$(0*1%2342.$  
Ki 25%  

    )19'#$'#3$=0C+,0D'74*0*1%234  Kd ?8@74*'E4234 Kp  

F"+ KiC4774*A8"$(AB/!34'-4'E4-4GH>,0D'2342(AB/F"+C+      

AE474*,5</-F"+"854*4-< ,#$*I  Kd 2*19 ("+ 25%?8@GH>23 4       
$1#*4)@4@81(#4*4( 6 F"+&4-4*:F&8(!"#$%&'$()$(74*
,0"B/@'F0"(234 Ki =8>81(*J0AB/ 10 
 

 !"!#$%&' !54*4-<,#$*I)$(#1626%2;-F%%5B=$8B?8@74*0*1%234 Kd 

 

 ()*)+*,- Kp Ki Kd 

    Kd 50% -1.044644 -0.000415 -36.563 

    Kd 75% -1.044644 -0.000415 -54.844 

    Kd 125% -1.044644 -0.000415 -91.406 

 

 
"./$%&' ! !"#$%&'$()$(*+%%,-./$0*1%234 Kd 

 

  5%63474*"8234 Kd '19'&4-4*:"823474*5;3( ,7<')$(
!"#$%&'$("(=8>?8@234AB/8BAB/&;8C4774*A8"$(0*1%2342.$  
Kd 50%  

 
"./$%&'  !!"#$%&'$()$(*+%%26%2;-,-./$AE474*#19(234,0K4L-4@ 
              AB/ M $(N4,O",OB@& 

 

 



 !"#$%& ! !"#$%&'$()$(*+%%,-%,./0/12$34565*#78(,950:;5</5= 
              3>2  !"$(?50@"0@>=& 

 

 
 !"#$%& " !"#$%&'$()$(*+%%,-%,./0/12$34565*#78(,950:;5</5= 
              3>2  # $(?50@"0@>=& 

 

*A:3>2 11, 12 B"+ 13 B&C(!"#$%&'$()$(*+%%,-%,./
$.D<EA/F0,*12$(345,-5/0=G'CH-=#7-,-%,./B%%I>J$C>KC=65*
0:*>=%03>=%67')$(65*,-%,./CH-=I5*5/F0#$*L3>2<5,95KC=-FM>    
@>06"$*LN'FK,"&L67%65*:*7%I5*5/F0#$*L3>2JCHO56-FM>@>06"$*LN
'FK,"&LCH-=-FM>"$(!FC"$(PA6 @Q2(!"#$%&'$()$(*+%%
,-%,./3>2RSH#7-,-%,./3>2:*7%I5*5/F0#$*L3>2JCHO56-FM>@>06"$*LN
'FK,"&LCH-=-FM>"$(!FC"$(PA6'78' &5/5*P345R<H!"#$%&'$(
0)H5&A9&E5-+,(#7- (Settling Time)JCH0*G-6-95 B"+345R<H!"
#$%&'$(J/9/>,95I.9(06F' (Percent Overshoot) &5/5*PB&C(
65*0:*>=%03>=%&/**P'+JCHC7(#5*5(3>2 7  

 

'( ()#$%&$ &/**P'+)$(*+%%,-%,./ 

 

Method&

Percent 

overshoot 

(%) 

Settling time 5% 

(sec) 

5 10& 15& 5& 10& 15&

Ziegler-Nichols 30 26.6 20 2000 1700 1200 

Ziegler-Nichols +Trial 

and Error 
0 0 0 630 1100 1200 

6. * +",-.( #/-0)  

O56!"65*3C"$(,-%,./$.D<EA/F0,*12$(345,-5/0=G'CH-=#7-
,- %,. /B %% I>J $C> I%-9 5 !" #$ %& '$ (3>2 JCH O5 665* <5

I5*5/F0#$*LCH-=-FM>@>06"$*LN'FK,"&L'78'06FC65*I.9(06F'B"+0)H5&A9
&E5-+,(#7-SH5 &5/5*PB6HJ)JCHKC=65*3C"$(:*7%B6HCH-=-FM>
"$(!FC"$(PA6 KC=RSH,953>2JCHO56-FM>@>06"$*LN'FK,"&L0:T',95#78(
#H' @Q2(<"7(O5665*:*7%B"H-&5/5*P345R<H,-%,./$.D<EA/F
E5=R'0,*12$(345,-5/0=G'JCH$=95(/>:*+&F3MFE5I RSH0-"5R'65*
0SH5&A9&E5-+,(#7-0*G-)Q8' R<H!"#$%&'$(3>2J/9/>65*I.9(06F'  B"+
/>,95,-5/!FCI"5C3>2&E5-+,(#7-J/906F' U VWX $(?50@"0@>=& 

 

7. .1''1.  2" 3.(4 

!AH0)>=')$)$%,.D%*FY73 0%"#7' $F'C7&0#*>=" ZJ3=B"'CL[ 
O4 5 67C  &4 5 < *7% 65* &'7% &'.')H$/A" 3>2&4 5,7\ B "+ '7 6-F O7 = 
'$6O56'>8(5'-FO7='>8JCH*7%65*&'7%&'.'35(65*0(F'KC=
?A'=L-FO7=*9-/0]I5+35(CH5'&9-':*+6$%^5*LCCF&6LJC*L_
(I/UCRC in HDDComponent) , D + -F ? - 6 * * / ? 5 & # *L
/<5-F3=5"7=)$'B69' B"+?A'=L03,K'K"=>$F0"G63*$'F6&LB"+
,$/IF-0#$*LB<9(S5#F ZNECTEC) ZK,*(65*` CPNNHR 09-02-

53M) 
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