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Design of PID Temperature Control Parameters
for Cryocooler

LIU Yao-yao 1,2, YANG Bao-yu 1, WU Yi-nong 1

(1. Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A mechanical cryocooler is one of the important parts of an infrared detector. It provides a

precise and stable low temperature operation environment for the infrared detector. In the engineering

applications, the tuning of Proportion Integration Differentiation (PID) parameters is mostly dependent

on the experience of engineers. Thus, the theoretical analysis of PID parameter design is lacked. The

frequency-domain design method of PID control parameters is analyzed according to the Bode diagram,

the Nyquist stable criterion and the control model of the cryocooler. The simulation results show that

this method is reliable and effective and can provide guidance for the online tuning of PID temperature

control parameters of mechanical cryocoolers.
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u(t) = Kpe(t) + Ki

∫ t

0

e(t)dt + Kd
de(t)
dt
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G(s) =
U(s)
E(s)

= Kp +
Ki

s
+ Kd(s) (2)

L9� Kp ��2��!�MN� Ki ��2�

���MN� Kd ��2����MN


O 1 PID @VP�AO

1.2 PID OPQRWX [5]

1.2.1 YZ[\

!�MN Kp �6� �>@,/8;E

F��2������G&��'8Q���R

]H5�!B)!�MN
!��2�H?�

Pout = Kpe(t) �!�&C�H?S^!B)��
�T@
53�!�&C�U_V�D �@&

C
I��?W>@;�!�&CXQ�>@J

Y&C6��Z��>@EQF�
!�MN Kp

[F�&CQ�[E�GR>@\[�
K!�

MN0F"L`&C01?W0F�G&��
*;\"MH���I1MN�JM����]

3;K�)L`��-��
�N�L!�MN
Kp 0��^���OM_P�`a6�0N

1.2.2 b*[\

��6��=����T@,/O��F
����R��PQ�Q
���2�H?�
Iout = Ki

∫ t

0
e(t)dt �c�T@R����.�6

�D"-SHR
:T=����T@�S��
26�UV�#8-"MH�W$
3;�2

��H?��aT�UV$UW
���2��
�,XF�XÆbYZ!��2JY�G@


F!��2�! ���&C�U_V� c@
&C
MF��MN)[F�G@�d\&C;

Y�K"JY0F�G&��������e8

JM


1.2.3 d*[\

��6�F>@�VZ[f (VZQ�) �

a!�)[g�T@�VZ[f���G���

26��)[]\���'8Q�����
�
��2�H?� Dout = Kd

de(t)
dt �h)g�T@

�VZ[f�T@VF8���2�gi,/
]a
53���6���]\����R'8

V�
jIR����6����,XF��
��G&��&C;Y�HE���^eQ�


K ���6�\��^f#8�J__���

klOM��EF6���`g���`OM�
)���MN-)0F


2 ptu PID vhopiwjxy
2.1 PID OPklmnop

;a�@�G6�,ab�2	Æ���
�29?���#c;q��dm�
BCD

$� k
Ts+1e−τs �
9 k aD=��E�I1M

N� T aD=��E�;YW$�����b

d�dm��U� τ aD=��E�Zqe;

Infrared (monthly)/Vol.37, No.4, Apr 2016 http://journal.sitp.ac.cn/hw



� 37 ��� 4 � � � 9

Y
9?9�c8)$��J0G6':(I

5?


2	Æ PID ���2)$�'(ni3�

`g������
�������J0
I

1f�'8gS
53�h).d�2;a�_

VB� Nyquist ��g+'( PID )$


i�_VB�@e1������ Nyquist

��g+ao<p [6] 


e1�����f�q� ��I1�$

gfV� 20 log |G(jω)H(jω)| -�hU�C�f
i���fV� G(jω)H(jω) F −π K�a�hj
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G(s)C(s) =
k(Kds

2 + Kps + Ki)
s(Ts + 1)

e−τs (3)
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G(jω)C(jω) = A(ω)ejϕ(ω) (4)
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A(ω) =
k
√

(Ki − Kdω2)2 + (Kpω)2

ω
√

T 2ω2 + 1
(5)
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ϕ(ω) = −π − arctan Ki−Kdω2

Kpω − τω − arctanTω,

1
k < Kp < 0

ϕ(ω) = − arctan Ki−Kdω2

Kpω − τω − arctanTω, Kp > 0
(6)
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{
Kp = (Tωg sin τωg − cos τωg)/k

Ki = (Tω2
g cos τωg + ωg sin τωg)/k + Kdω

2
g

(7)
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 Kp ∈ (−1/k, Kpmax) �

Kpmax = (Tω1 sin τω1 − cos τω1)/k �
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(π/2, π)  '1 tan(τω) = − T
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T = 3, K = 2, τ = 0.5 �.+Wo':��o

? Kp �U
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− sec τωm = 5.04 


I −0.5 < Kp ≤ 0.5;��t! Kp = 0.1, Kp =

0.3, Kp = 0.5 5? Kp !-*U; Ki F Kd �U


<B 2 CD
I 0.5 < Kp ≤ 5.04 ;��t!
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Ki F Kd �U
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I 5.04 < Kp < 5.69

;��t! Kp = 5.2, Kp = 5.4, Kp = 5.6�5? Kp
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