3'_|.5|LX-I|:||_;_

(=)

= O

13X N 28 F 6% pp. 716-723 June 2011 / 716

Journal of the Korean Society for Precision Engineering Vol. 28, No. 6, pp. 716-723

=40

rok rok

A4
o7

2 0|8

ey NsiE A¥Y AHYE A

2

A Study on the Design of High-Voltage Connector for Green Car using FEM
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The battery capacity of electric/hybrid vehicle is much larger than present automobile. For that
reason, the connector of Green Car should be designed to transmit the high-electric voltage. In
addition, the electromagnetic wave should be shielded to protect communication and signal
circuits. In this study, shielding performance of the connector was analyzed through
electromagnetic shield analysis, and a connector of Green Car was designed using thermo-
electrical analysis, which is capable of transmitting the high-electric power. In the design of
connector structure, the improved stability and workability was considered.

Key Words : FEM (8812 28, High Voltage Connector (2 U7 EY), Shield Effectiveness (XHH & 3}, EMC (B RbbH
Clamp Method (&% 81 .*.tt”) Permittivity (85 8), Voltage Drop (82281, Temperature
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Fig. 1 Inverter and high voltage connector for studying

Fig. 2 High voltage connectors for HEV/EV car
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(b) Mesh generation
Fig. 3 The mesh generation for finite element method

(a) 4Node-Tetrahedron

Table 1 Material properties for FE analysis

Item Unit PBT | Cu-Alloy | Metal
Elasticity modulus MPa 4,700 | 1.13E5 | 2.12E5
Poisson’s ratio - 0.46 0.34 0.3
Coefficient

. 1/K | 6.7E-5 | 1.82E-5 [1.66 E-5
of thermal expansion

W/m - K| 0.26 62 23.8
pohm-cm| 10E6 2.09 72

Thermal conductivity

Electricity resistivity

Specific heat JkgT | 1,712 380 500
Mass density kg/m' | 1.5E3 | 8.9E3 |[8.03E3
Tensile strength MPa 83 672 1030
Flexural strength MPa 118 360 896
Permittivity - 32 - -
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Table 2 Shielding effectiveness result for shield connector
as a frequency range

Measurement | Shielding Effectiveness
Connector
Frequency Min (dB) | Max (dB)
510~1,710 kHz - Min. 55
FE ANALYSIS
70~108 MHz 37 44/‘
& + '
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o % | Cable |
£ .0 ~ \
£x
g
£
:g 26 i e
oy
Q
N
° o 6 Rl 600 800 1000

Frequency, MHz
Fig. 6 EMC shielding performance comparison between
connector and cable
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Fig. 7 EMC shield performance comparison at 30MHz

(b) Shield structure
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Fig. 8 Verification of structural performance for high
voltage connector by FEM

Table 3 The comparison of performance between SPEC
& structural analysis results (unit : N)

Performance Design
Item . .
SPEC |FE Analysis | Modification
Connector
o Max. 98 88 110—88
Jointing Force
Connector
. Min. 98 199 328—199
Retention Force
Lock Release Force Max. 59 32 100—32
TML Insertion Force | Max. 196 86 599—86
TML Retention Force | Min. 196 531 1423—531
Rear Holder Max. 49 48 23—48
Insertion Force Min. 78 89 50—89
Interlock System
. Max. 49 24 9.8—24
Insertion Force
Interlock System .
. Min. 78 93 50—93
Retention Force
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Fig. 9 Verification of electric-thermal performance for
high voltage connector by FEM

Table 4 The comparison of performance between SPEC
& electric-thermal analysis results

Performance
Item Unit
SPEC FE Analysis
Voltage Drop mV/A | Max. 3 0.12
Temp. Rising AT | Max. 60 275
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Fig. 10 Schematic of the electromagnetic shielding
effectiveness test by the absorbing clamp
method

Table 5 Test frequency and the request performance as
the ES SPEC

Item Frequency Range Performance
Shielding 510~ 1,710 kHz Min. 40dB
Effectiveness 70 ~ 108 MHz Min. 30dB
Azt A e A eAeE oE 2
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Fig. 10  Zhol A ILq
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Fig. 11 Shielding effectiveness result for shield cable as a
frequency range
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