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Experimental Research of the Mathematical Model in a Thermostatic Medical Infusion Pump
LI Xiao-xia, YAN Rong-guo, GE Bin, YANG Chi, CHEN Qian
200093, China

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai

Abstract: Objective The thermostatic medical infusion pump isakind of medical device that can be used to provide warm solu-
tion for wound cleaning and flushing during abdominal surgery. To introduce a new kind of thermostatic infusion pump and use

the proportional integra derivative (PID) controller to keep the temperature at the outlet of the pump at a certain temperature.

Methods In order to achieve above goals, some research on the designed thermostatic medical infusion pump was done. Firstly,
the working principle of the system was introduced. Then the step response of the system was determined by experiments, and
the step response curve was plotted to determine the mathematical transfer function models under different flow rate by using
Matlab software. And then the controlling parameters were derived by the Ziegler-Nichols formula. Finally, the mathematical
models and the parameters of the PID controller were simulated using the Simulink toolbox of MATLAB and the parameters
were also applied to the real controlling system. Results Results of simulation show that the temperature can reach the set value

in a shorter time; also results of experiments show that the temperature at the outlet can reach a certain temperature within 3 min-
utes, and finally keep it at 36.0C + 1.5°C . Conclusion Results of simulation and experiments both show that the design is rea
sonable and the mathematical model was accurate and reliable.

Key words: infusion pump; temperature controller; step response; PID controller; transfer function
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Tab.1 The Performance Parameter of Each Component

Component Parameter

MCU Atmega32L

PID Controller MY506 Termperature controller of Taisong
SSR  SSR-25DA

Peristaltic pump Microstep 23HS3002

Peristaltic pump(driver) Microstep MX-2H304D

DC Power Source 1500 W, 50 V
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Fig.5 The Step Response of Thermostatic Infusion Pump
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Tab.2 The Calculated Parameters of the Step Response Curves

Flow Rate/ (mL/min)

Parameters

200 400

Pulse power duty ratio/(%) 15 20
y(0) / (°C) 48.2 48.4
y(0) / (°C) 28.6 28.2

u(o) / (v) 50-15% 50-20%

tol (S) 441 31.8

0.28y /(°C) 34 34
tosso! (S) 99.5 732

0.632y/ (°C) 41 41

3 BBRREFHESH

Tab.3 The Derived Characteristic Parameters of the Transfer

Functions

Flow Rate/ (mL/min)

200 400
K 2.61 2.02
T 83.1 62.1
16.4 111

_ 202 111
GO 116215 © ®
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Fig.6 Simulink Simulation Model of Thermostatic Infusion Pump
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Ky

Infusion Pump

Flow Rate/ (mL/min)

PID controlling parameter
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K, 0.23 033
Ki 0.007 0.015
Kq 1.89 1.83
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Fig.8 Temperature at the Outlet of the Thermostatic Infusion pump

FEBI () 2R G A% 136 pRBCE VR v P AG TR S I T 2R
R 1 LR AR E 2 7E 36.0°C+1.5°C,, IR M IR
= R A T R o A R R 8 T —Fh i ok LA
Je T ek I PR T 2 R 4 o Sk B — 2B R AT
it

(&% 30K

[1] F47, Z #). A BB 2k ST F Kom A Hoall]. 37 2247
7., 2011, 25(6): 1449-1450.
Yin WN, Li L. Influence of hearing abdominal cavity rinse solution for
patients accepting abdominal operation[J]. Chinese Nursing Research ,
2011, 25(6): 1449-1450.

[2] R H &, 4,5k me 2 5. Sk laiB ik AR 06 R P ey 2 A [J]. BLAR
¥ G E 5 4475 &, 2000, 9(8): 739-740.
Zhang CX, Chen J, Zhang XH, et a. Application of thermostatic infu-
sion heater in clinica [J]. Modern Medicine and Western Medicine,
2000, 9(8): 739-740.

[3] Arme s, h B &, FHEE. BB AT RS AR TR X RE
EHmBEMYal. PR 4 E, 2010, 258): 33-34.
He XR, Shang GA, Li RJ. Effect continuous thermostatic irrigation on
post-operative enterospasm for patients with acute sever pancreati-

FEEFMIEFESRE 20154518 £R2% £1H

tigJ]. Journa of Nursing Science, 2010, 25(8): 33-34.

[4] 3 3K, ¥ J&, Bk 1. 38 °C &Rk that B 5 R & & e Fast £[J).
M % &P B, 2011, 6 (12): 6-7.

XieB, Yang M, Ou Y. Effects of thermostatic liquid for 38 °C on the
preoperative patients[J]. Inner Mongolia Traditiona Chinese Medi-
cine, 2011, 6(12): 6-7.

[5] Mohan BM, Arpita S. The Simplest Fuzzy PID controllers: Mathemat-
ical models and stability analysis[J]. Soft Computing, 2006,10: 961-
975.

[6] Ang KH, Chong G. PID control system analysis, design and technol-
ogy[J]. Control Systems Technology, 2005, 13(4): 559-569.

[7] &A%, WE . PID 424 S 4425 £ [M]. b, A5 hR
4%, 2010: 8-9.

Huang YR, Qu GL. PID controllers: Tuning and redlization [M].
Beijing: Science Press, 2010: 8-9.
[8] Fernando G, Martins. Tuning PID controllers using the ITAE criterion
[J]. International Journa of Engineering Education, 2005, 21 (3):
1673-1680.
[9] Bashier E, Tayeb M. Optimaly tuned PID-controllers for disturbance
rejection[J]. Journal of Engineering, 2012,5(3): 163-173.
[10] = 4%, 3k ik, 2 KA. PID Rkt 82 5 sk szik [J). AL
&, 2000, 26(3): 347-355.
Wang W, Zhang JT, Chai TY. Summary of advanced PID parameter
tuning methods[J]. Acta Automatica Sinica, 2000, 26(3): 347-355.

[11] %eE & . R E 2 HAUR I 253t 545 A [D]. K A&: sHhkF,
2006: 17.
Chen XD. Design and simulation of the elementd analyzer tempera-
ture control system[D]. Changchun: Jilin University, 2005: 17.

[12] 4T 3% .PID 454 8 A B2 R L g AR [D]. AM: #im X%,
2005: 10-16.
He ZQ. Parameters tuning of PID controller and its application[D].
Hangzhou: Zhejiang University, 2005: 10-16.

[13] %) ms. @ AR PID 454 75 ik 49 b3k 5 547 [D]. K% R I X
%, 2011: 14-16.
Liu P. The comparation and analysis of PID control methods for re-
sistance furnance[D]. Ddian: Dalian University of Technology, 2011:
14-16.

[24] Cvejn J. Sub-optimal PID controller settings for FOPDT systems with
long dead time[J]. Journa of Process Control, 2009, 19: 1486-1495.



