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To reduce the total design and optimization time, the optimal surrogate model coupled with a multi-
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objective optimization method based on non-dominated sorting genetic algorithm II (NSGA-II) is
used to design optimum impellers for an automotive torque converter. A parameterized flow chan-
nel model for the torque converter is established, and sensitivity analysis is applied to select key
design parameters which have a significant impact on hydraulic performance for optimizing design
variables. We compared and analyzed the prediction accuracy of hydraulic performance using pol-
ynomial response surface method, radial basis function neural network method, generalized re-
gression neural network method, kriging method, and support vector regression method. The re-
sults showed that for the optimization problem designed in this paper, support vector regression
method has the best prediction accuracy. Based on the optimal surrogate model, multi-objective
optimization is carried out on the power performance, economy, and matching performance with
engine. A suitable group of optimization design parameters is selected for sample manufacturing
and experimental verification. Results demonstrate that the presented method can provide an ef-
fective solution for the optimization design of torque converters.
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Figure 1. Torque converter torus design
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Figure 2. Two-dimensional design curve for pump blades inner and outer torus
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Table 1. Pump main design parameters
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Figure 3. Two-dimensional design curve for turbine blades inner and outer torus
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Table 2. Turbine main design parameters
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Figure 4. Thickness contour arc design for stator blades inner and outer torus
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Figure 5. Thickness variation law of stator blades inner and outer torus along the central arc line
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Table 3. Stator main design parameters
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Figure 6. Single-channel parametric model of the torque converter
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Table 4. Main design parameters variation range
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Figure 7. Performance calculation results of torque converter orthogonal design samples

B 7. BOBIERERZRITHARMERETEER

DOI: 10.12677/mo0s.2025.147518 90 jé

m

5


https://doi.org/10.12677/mos.2025.147518

Mridti, BRER

T F”Jﬁﬁﬁ%%ﬁ%ﬁ """""

12 [ e AR 4R

ol ___[PSTes

X

N | NI

2 . ] .

i 1T PR IRIALL
32 36 40

L
4 8 12 16 20 24 28
Wit

Figure 8. Different performance evaluation indicatiors contribution of torque converter design parameters
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Table 5. Key design parameters and maximum contribution

F 5. KR SHERATHE

SHHRT KR SH B KTTRRE C /%
P7 R FANIRH A 7.438312
P8 R ANIRRE O A 8.899141
S1 S AL 10.48208
S4 SR A NI E R 4.624351
S5 SR NI O 6.504602
S12 SEC AR O £ 3.939253
S13 SR F AN [ 8.279419
T7 WRECH AN O A 11.66140
T8 IRECH AN O £ 7.335631
T9 WREC I AR 28 25 50 8.299191

3.2. BUREER

3.2.1. BT 2Bz n R d A RE T
2 T 2 2 THT I (RSM) i — AR FH 22 I DR B, 36 16 o S Bt it AT s —3fedtl i, SR A
FH TR EARER R f — M7 7% 2 i 17 T ) B0 Rk B 0 -

»(x)=241(%) )
Kot = (0 )RR B AR, m MRS, (x) MO ARR IS i A EREG p Ay

RN g MRS H .
BIEZEL @ BB/ 3Rl T

$=(F"(x)F(x)) F'(x)¥ @
K, Y=|:y(1),y(2),---,y(m)T s (= 1,2, m )Y i A R A
() A1) |

F(x)- fl(fﬁz)) sz&(z)?::.fﬂ(f(z)) .

ﬁ(x(m))fz(x(m))“' fp(x(m))

DOI: 10.12677/m0s.2025.147518 91 e RSE TR

m


https://doi.org/10.12677/mos.2025.147518

it

ER%

Wt ) S T2 2 T N, PR RE TN i SR A S AR A R G R, AT N 1 (5 AT B
B, FRIR T IEREBUNALE, ik, fESERRNH] T 2 BEEBORE AL 3 . AN FEIBI T N
EORMIBRIRFEAB IR 7R, R o, n ARMARIHERILER, Bt 280014

Table 6. Minimum sample size requirement for response surface methodology with different polynomials orders

= 6. TRIMNR 2T M0 B % S R A B EK

B ik FEAHL

1k n+1

2k (n+1)(n+2)2
3K (n+Dn+2)2+n

X AR R FEAT 1 BE FOOIIRS BEVEAL, 5 F RS FE VA T b thoe R R+ BT IR RZ(RMSE, Root
Mean Squared Error) NP S HHXT IR ZE €y » RIZAUT

Myest N\ 2
( y( ) _ );('))
R2 — 1_ i;l (4)
test (y(’) _y)z
i=1
1 Miest R A2
RMSE = @ _ 50 5
J%ﬁgb J’) Q)
1 Miest j}(l) _y(l)
= : 6
e = 2 [ i (©6)

b, )R AR A 07 B § RS 1 AN INRREA B RE B 3 BT TR R A7 2
TSR my FIBREA SR . FEREAT TS FZ VP Ah IR, R (EBOR (< 1) Ut BB NS BTl s T

RMSE Hl e,,, fEl/IN, HEASTRIIKS BB R BT R ELACER I B ARG P T e S IS A X Tt g8 77, AT,
A FEEE R A ANT LG 23 A A [R1 AR BRAS Y FROIIAS B2 1) PEAk A o
3.2.2. EEBEMZMLEEMERETN

12 A 4% [6] (RBFNN, Radical Basis Function Neural Network)ZSJE T/l R4, SiGHA
2 BREEMKHIZE . MNEHAE SR SR, T E SR NS e S R 2 R AR e bR
BRI R HL, 12K R R0 e L B 5T R4 SR e R BRI, SRR R AR AR R LI R S AR e
PR YR IR A R TRUIN A ) A 22 X 2 — AR 5 A an 1] 9 BT .

LN &R it =

Figure 9. Structure diagram of radial basis function neural network
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Figure 10. Generalized regression neural network structure diagram
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Table 7. Optimal prediction accuracy evaluation for different surrogate models
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Figure 12. Optimization design pareto frontier based on the optimal surrogate model
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Figure 13. Impellers blades profile of the torque converter final optimal design
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Figure 14. Sample part of each impeller of the torque converter
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Figure 15. Comparison between sample performance and target performance of the torque converter
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