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Abstract; To address the multi-objective collaborative control requirements of the thermal management
system in new energy vehicles, a coordinated control strategy is proposed. First, a dynamic simulation
model of the passenger compartment-battery coupled thermal system was constructed based on
the AMESim platform. Second, a nonlinear autoregressive exogenous input neural network was
introduced into the control module, and a model predictive controller (MPC) was designed to
optimize compressor speed with the dual objectives of reducing compressor energy consumption and

minimizing temperature deviation. Subsequently, a dynamic response model based on proportional-
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integral-derivative (PID) control was established for key actuators such as valves to achieve refrigerant

flow distribution. Finally, a co-simulation of the thermal management system model and the MPC

control model was performed, and the regulation effects of MPC and PID control strategies on the

dynamic temperature responses of the battery and passenger compartment were compared and

analyzed under the China light-duty vehicle test cycle-passenger condition. The results show that

at an ambient temperature of 35 °C, compared with PID control, the MPC strategy reduces the

overshoot of the passenger compartment temperature by 0.9 “C, and no overshoot occurs at

ambient temperatures of 40 and 45 C. Compared with PID control, at ambient temperatures of

35, 40, and 45 C, the average energy consumption for compressor temperature reduction per

cycle under the MPC strategy is reduced by 7.2% ., 2.4%, and 3.5%, respectively, indicating

overall energy efficiency superior to that of PID control. This study provides a reliable control

method for vehicle thermal management and offers valuable reference for optimization research on

new energy vehicles.
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Fig. 1 Schematic diagram of coordinated thermal management

system for power battery and cabin
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Table 1 Setting of parameters related to the passenger cabin

S8 e
KRG RE /(W » m™*) 700
N R T 0.75
AR/ m’ 4
BETE LR/ (KT« K1) 7
SR I AR/ m® 8

L3R5 75 18 A SR U R A 6F A L 0 U 45 R L
3 AT 5
Peone = (Rioreed — hire ) (D
T 2 rcons ~Prtoreea ~reee 73590 00 00 JE 480 A 28 250 5 A X
BENR T, B35 005

e @
fs = aS Qi (3)

Seoxt = Peomveext Sext (Tow — Texe) D
St = heonvine S (T — Tin) (5

s fo s S 2300 R K BH 58 S B0 £ L Ah FR X
it BRI 8 T PN O I R A s A BE T B 5, R BE
T LG8 R FAEE 5o o R BH 8 59 W W85 S, oA A1 3 4
AR 5 S, R PR X 0 0 44 1T AR 5 g A K BH 6 5 56
BE 3 Pconveext ~Peonvaine 23 ) SR S0 1 PR 8 6T 378 48 34 2R 45
T~ T 535 A ZFF0 P9 H IR
1.3 ZhAhHBiEE

S SR AT TR A 248, 3 ) Ha S AE &
N 2y PR Ak B0 8 XU S A6 IR T ) B A
IO RS, P, B 5T R 7 RO B B
REWITREAMZ —, FEEFEITS B, it 2
FREL BRI &, L7 BROR JR 3 A S Y B A (FE
O AT RO A TR A A R AR SR B R AR, 3 R I L
T OV A S A AR AR W BN, T 20 OR R
NS 8T = T A

q = % I:(U()(‘V - U) + T dT

AP TR R sV O BB Uy 4 HL YL
TF % W Uy A it TR TR T O F Il
dU ey /dT Sy A Tt L 1 3t 88 532 M) 2

(6)




52 [ 7 S R = S-S %60 %
3T A S CHVES B 2R 4 3 B A o b AT A . i 0
- - e e ” s —— SRR
ST o SR FH 22 T A D e (1 265 200 ey SR TRY o045 oL St R — thi
. e . , 30 L v AxbRE
R O % 5 st b VB A, L 25 F G P 0 15
LR L O R R TR A L T % L L X e i P vl s
BELIG B, 2 N B R Fi R A 1 BEL T G 26 19 L 200 S 0
W, FERE K g &
3 = _5
Ruw = D)@ T +bp +c T (1) ut
i=1 1
AP aboe WEEGR MRS 2 : : _10
2000 2 500 3000 3500

HL T AR R U FIIF B R Uoey B9 3HR 50
S
dU _ I —Usv/R
dz C;
Uov = dy +d\B+d.f +dsf +d. g (9
Kb d ~d, HEEC HHEMA SR AR,
AR S PR TR R 41 (LFP) ot 15 R DF 5 % 4
HARFRA R R 124 A « ho b FRHLEN 3.2 V.,
AMESim fj 5°F & H @ 37 i i A ALy 3 AR
AR, A0S EINT . A BB A 270 M,
BV R 589 ke, BE HL RN 610 VL, ARFRZE 2 N
124 A« h N 192 DM R 4. 7658
AR OGS B I E ) 35T AMESIm F 7
ST T ROV FE b R AR A AR
1.4 RSGHERWIE
S 56 0 LR G A L AT R 4R P e R T
BN I 7R G A N [R) R 6 AL SR 14 5 o O
FIIFE . B P B R G S0 45 2R 5 7 FU25 BLE 7 %)
Eb L 23T 2R G 05 LA AL () A 1 L S5 SR An 2 R 3
Fizn. BB AT, PR 4R BIL T RE 7 XA X iR 25 0
3. 1800, ARG f Y i T A XF R 25 3. 6600, K
HH 45 5 5 56 D e B A 4

&

2400 . 710
—a— LR
—e— i HEER
2200 o
—v— xR Z
2000
£ <
¥ 1800 ﬁ
2 K
= =
& 1600 E
117] £
1400
1200
1000 -10

1
3000

2500
JEAENLELIE/(r + min™)

K2 EAHLIIFERIA L

Fig. 2 Comparison of compressor power consumption
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Fig. 4 Schematic diagram of control architecture
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Fig. 5 Co-simulation control block diagram
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initial temperatures under MPC control
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