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Optimizing and ldentification of Design Parameters of a

Cylindrical Hydraulic Engine Mount by an Optimization
Method

Ty

Young-Kong Ahn*f
(Received 08 March 2017, Revision received 01 May 2017, Accepted 02 May 2017)

Abstract: In order to identify the design parameters of a hydraulic engine mount with a nonlinear
characteristics, an experimental method has been used generally. The method takes a considerable time
and expense because of preparing an experimental apparatus, conducting a test, and analyzing results.

Therefore, this paper presents a simple method to identify the design parameters of a cylindrical
hydraulic engine mount, and optimize the design parameters. The physical model and mathematical
equations of the mount were derived, and values of the design parameters of the mount were identified
by optimization method with minimizing difference between the analytical results with the equations and
the experimental results. This method is more simpler than the conventional experiment method and
identify successfully the design parameters. In addition, the technique can optimize the design parameters
of the mount to improves the isolation performance of the mount.

Key Words : Hydraulic Engine Mount, Vibration Isolation, Design Parameter, Identification, Optimization
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Fig. 2 Mechanical model with an inertia track

Table 1 Parameters of hydraulic model

AV/AP[M’/N]
AV : Volume variation, AP : Pressure variation

Stiffness of the main rubber : K, [N/m]

Damping of the main rubber : ¢, [N-s/m]
Effective piston area of the upper compliance :
Ay [mz]

Cross-sectional area of the inertia track : 4; [m’]
Compliance of the upper chamber : C; =

Compliance of lower chamber : C, = AV/AP
[m*/N]

Length of the inertia track : Z; [m]

Density of fluid p [kg/m’]

Fluid inertia passing through the inertia track :
I, = pL/A4; [N's*/m’]

Fluid resistance of the Inertia track : R; [N's /m’]

Mass of engine : M [kg]

Table 2 Parameters of mechanical model

=147

Fluid mass passing through the inertia track : m;

Volume stiffness of the upper chamber : &, = APZ/CI

Volume stiffiiess of the lower chamber : k= 4,7/C;

Damping of the Inertia track : ¢; = R; AP

4
Fo=kx+cx+k, (x— A—’xl.) —-mX,
P
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O Optimize design variables with optimization
method : X, 4,, C,, C;. C;. C;. 4;. L
O Analyze & optimize new mounts

[Step 3 : Optimization of engine mount]

O Use dynamic property tests of mount : £, T

O Make physical model & derive motion equation

O Identify design variables by optimization method
1K, 4,. G, Cp. Ch. €

[Step 2 : Identification of design variables]

0 Use drawing dimensions of mount : 4, 4, 5. L
O Use static property tests of mount : &,
O Use existing research materials: C,, C;, C;. C;

[Step 1 : Estimation of design variables]

Fig. 3 Analysis and optimization process to improve

performance of a conventional mount

HA, vhEEL] AAMS FolA nheEY =W

o2RE FAERY THEd, = 1.36x107) Zol(L

= 232x10"), Al UE(p = 1.055x10%), A9
AU = 1.7997x107) 2 A[AZFM = 127)9) F;
< gr&a, IFFAK)S B NFeE T
g Utk AW 549 7] @& el
fstd, 448 A Dy AgE 9 R, 4
(13)2] AZE Frol MTSY 7Fd Algel <% u}
<E 70“391 AFE FE g AYE gl &
Hol=E AYReH o2 F7H(estimated)dFH 1L,

PR AISHRR] M21 mM3Z, 20179 68 69



E| X5} Jgol ¢
F4E #2 Table 30 YERHRAIL, ©ol& &2
A3 7oz AAMS 34 Ao 27 #e

E AgE.

Table 3 Estimated design parameters

Estimated parameters
K, [N/m] 2.3x10°
¢, [N-s/m] 1.0x10?
C, [m*/N] 7.20x10"2
G, [m’/N] 2.210x10™"
R; [N's /m’] 1.68x10°
A4, [m?] 8.4x10™

AH 3 7W e o837 9Astel, HheES o2
A ol AF #He FAHES ol 4
3 e A3 P L =AYk,

(D Optimization function : Minimize

*

* 2

+6‘1fr$—(1< P %)

@ F94 99 : 5~30 Hz
@ AW 3 A% 1Y - = e £50%
@ AR =4 - k=1717x10°

Table 4 Identified design parameters

Design Original Values Identified
Variables Min. Max values
k. 1.717x10°|  2.323x10°|  2.227x107
c 7.315x10"|  1.194x10%|  1.463x10"
C 3.831x10"2| 1.149x10"| 7.662x10™"]
G 8.384x10™""| 2.515x10™"| 1.677x10™"
R; 9.552x10%|  2.865x10’ 1.91x10°
A, 4.633x10*|  1.39x107| 9.266x107
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AFEA), 4 D HH3E 7H%0 o FHH
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Fig. 5 Optimization results of the mount in case 1

Table 5 Optimized design parameters in case 1

Design Original Values Optimized
Variables Min. Max values
k, 1.717x10° | 2.323x10° | 1.718x10°
¢, 7.315%10" | 1.194x10? | 7.386x10'
C 3.831x10™"2 | 1.149x10™"" | 4.979x10™"2
C, 8.384x10™"" | 2.515x10™"" | 2.502x10™"
R; 9.552x10% | 2.865x10° | 2.813x10°
4, 4.633x10* | 1.39x10° | 5.272x10"
L; 1.160x10" | 3.480x10" | 3.372x10™
A 6.800x10° | 2.040x10° | 6.805x10°
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Table 6 Optimized design parameters in case 2

Design Original Values Optimized
Variables Min. Max values
k. 1.717x10° | 2.323x10° 1.79x10°
c 5.00x10" 2.00x10? 1.48x10
C 3.60x1072 | 1.44x10™" 6.21x10712
o) L.11x10" | 4.42x10M 2.11x10™M
R 8.40x10° 3.36x10° 1.50x10°
A, 4.20x10* | 1.68x10° 1.65x107
L; 1.160x107" | 4.64x10"! 4.33x10"
A; 6.800x10° | 2.72x10° 2.62x10°
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