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Multiobjective optimization strategy based on kriging metamodel and its application to
design of axial piston pumps
Jong Hyun Jeong™ Seok Heum Baek® Yong Kweon Suh®
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Abstract: In this paper, a Kriging metamodel-based multi-objective optimization strategy in conjunction with an
NSGA-II(non-dominated sorted genetic algorithm-11) has been employed to optimize the valve-plate shape of
the axial piston pump utilizing 3D CFD simulations. The optimization process for minium pressure ripple and
maximum pump efficiency is composed of two steps; (1) CFD simulation of the piston pump operation with
various combination of six parameters selected based on the optimization principle, and (2) applying a
multi-objective optimization approach based on the NSGA-II using the CFD data set to evaluate the Pareto
front. Our exploration shows that we can choose an optimal trade-off solution combination to reach a target
efficiency of the axial piston pump with minimum pressure ripple.

Keywords: Axial piston pump, Discharge pressure ripple, Computational fluid dynamics, Multi-objective
optimization, Kriging metamodel
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Figure 1: Result of modelling of the axial piston
pump
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(b) Piston cylinder

Figure 2: Computational grids for the 3D simulation
of the axial piston pump

(2.66GHz, 64bit, 16GB RAM)S- o]-&3}o] 542

o

ol el o} 5] 2] A37d A8 E(2013. 11)

ekt Ag TaE P dAde]

oo

g/l = waste] WHAM skelar, 9719 A-7t
13 A8l o ¢ 281]7F0] A QH AT

2.2 CFD AlZ2|0|M

Figure 32 5 %+= 1bar, £ %2 3500ar, 3%

4 -
oty BEEo] AlFH = A
2}

W
i &= ok 225 mis 2 7}

Y
>
)
R
£ &

>
SIS

nj

N

jines

o
o o

»,
fm
i
4
fr
f
o £
N
e
%
Hm
i
_(
fr

—

14
B o

A Y
(RN
Mo rlo

o
2

e
EO

H
* 2,
A
1
2
ol
ol
il

m°£

= e
g 1o o
I~
tlo
°
gomum
— N
£ o
O, olx
N
N
o ol
o
or M

,
2

O
ol
o
L
(2L
=,
R

HU—E%
s
>4 e
o o
AN
1rr_?l‘,£
_H‘“o};ll“l
tlo 2 @
o [ o
mlori;‘u[o o
rlj_)“ljli—]’ro_lﬁm
mr XN ol
X N oo @
ﬁoifj‘j;w»-
o o, K
ro ¢
o e o
>4>T r;g‘
[‘_umﬂ_l.u
L jo &

2

(M o o
oft
=
fu
N
N
22
o
it
i
ul
i
£ ox

i
il
>,
jines
ol
ol
=)
2

il
Axlo] 9lom, AHYrt EEN 5
B A urhs St Flojo] EEFE s A
el ofste] tERistE 48]0 FH s B
olth. Figure 4 (b)= A~-DZE Itj ¥A]3 FRE o=
A ¥d 2 EAE 2R 439 1 3
3]~43] o7]1%1F HAS VERA Flott

ALY7E EEFE Q% o] $of whAshE W
s AEststrl AAd, Faed (1ol Aol bt
o} o] B~D 7HSee Figure 4) oA $8 W59
RMS(root mean square) #t Pruss T-3FS3TF.

895



Velocity |

Figure 3: Velocity magnitude and streamlines of ax-
ial piston pump
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Figure 4: Pressure data within each of the piston
cylinders versus the angular position [1]
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Table 1: Design variable and their levels Table 2: DOE layout and 3D CFD simulation re-
- 6
\/Da er?;%rl]e Unit | Levell | Level2 | Level3 | Leveld | Level5 sults for orthogonal array Lox(5")

— Prvs | Efficiency
X1 mm | -15% | -10% | Initial | 10% | 15% EXp.| X1 | X2 | X3 | Xa | X5 | Xe (bar) (%)

Xo | mm | -15% | -10% | Initial | 10% | 15% 11l a a2 ]1] 25 | 8w
Xs | mm | -15% | -10% | Initial | 10% | 15% 2 (1 |2]2|2]2|2]| 238 | 8982
Xs | Deg. | -15% | -10% | Initial | 10% | 15% 3 | 1]3]3]3]3]3] 209 | 835
— 4 |1 |aalalala] 278 | 8149
Xs5 Deg. | -15% | -10% | Initial | 10% | 15%
5 |1]s5]s5|5]5]s

4 86.32
X6 Deg. | -15% | -10% | Initial | 10% | 15% : :

25|32 |1|5]4 3.64 79.32
2415|4132 1]5 3.44 86.32
25| 5|54 |13 2]1 2.83 83.99

Minimize = [w,h,(d;.d} ), w,h,(d;.d])]
subject to g;(z) <0, i=1,n
(@) +d; —dj =g]
Toin ST ST

di-df =0, d; =20, d =0, j=1,r (7)

H
MY, hot g SAD W BEATEA MECl g quy g
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Aefs e el W, plien)7} D sl %= 714 gl e S5
2 AFolX = HaAIEH(goal programming) <. 2 Zzste dEZE sd(elitism concept)ell 7]
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Figure 7: Response surface distribution from the different objective function using Kriging metamodel
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Table 3: Accuracy assessment of the metamodeling
types only based on quadratic term

Metamodel Fitting indicators
Responses >
types R RMSE | RMAE
2" RSM 0.725 0.587 0.891
Prus . "
Kriging 1 0.033x10 0
2" RSM 0.893 0.491 0.688
Efficiency
Kriging 1 1.928x10° 0
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Figure 8: Convergence histories of two objective
function using Kriging metamodel and NSGA-II al-
gorithm
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Table 4: Optimal solution

Objective (F;F;Mrs) Effi(t;;ncy
Initial 253 88.3
Optimum 1.82 91.8
CFD reanalysis 1.83 90.2

(@) Initial shape

(b) Optimal shape
Figure 12: Initial model vs. optimal model
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