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Experimental Study on the Reduction of Noise Dispersion for HEV Relay

Wonjin Kim*

Abstract

The dispersion of acoustic noise during the turn-on and turn-off switching of HEV(hybrid electric vehicle) relay was
experimentally analyzed to identify the reason for the dispersion of noise level. An effective method was proposed to reduce
the dispersion of noise level. First, a method to wrap the side of moving core with a tape was adopted to reduce the transverse
vibration. It enabled the moving core to make a consistent motion and reduce the dispersion of noise level from switching
operation of relay. Second, the dispersion of noise level from vibration transmission of parts such as the outer frame and
yoke caulking part of relay were tested to find out main sources. From this result, it was identified that the yoke caulking

part made inconsistent transient vibration and noise dispersion.
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Fig. 1 Operation mechanism of relay
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Fig. 3 Experimental setup
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Table 1 Noise dispersion levels of relay having a moving core

with tape
Avg.
Sample Overg;lll :;i?:t?;i Difference
level (dB] [dB]
[dBA]
| existing 59.2 0.87 32
with tape 59.3 0.47 2.0
existing 59.6 0.92 32
On| 2
with tape 59.9 0.51 2.0
3 existing 58.4 0.58 24
with tape 58.7 0.26 1.0
. existing 50.8 1.13 4.0
with tape 47.7 0.59 1.8
existing 49.7 0.74 2.7
Off| 2
with tape 47.1 0.52 1.7
3 existing 474 1.04 4.2
with tape 453 0.49 1.5
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Fig. 4 Noise standard deviations of relay having a moving core
with tape
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Fig. 5 Relay and mechanism assembly

Table 2 Noise dispersion levels of relay without outer frame

Avg.
Sample Oveilll jéi?i?;i Difference
level [dB] [dB]
[dBA]
| existing 54.4 0.37 1.4
without 59.8 0.65 2.0
) existing 54.1 0.48 1.9
On wi.th(.)ut 61.8 0.74 2.5
i existing 54.9 0.41 1.4
without 59.9 0.45 1.4
4 existing 55.2 0.58 22
without 60.4 0.77 2.8
existing 454 0.71 2.7
! without 44.6 0.74 29
) existing 43.1 0.85 4.0
off wi'th(')ut 42.7 0.92 3.7
existing 45.5 0.68 2.6
3 without 434 1.41 55
4 existing 43.8 0.75 25
without 44.8 0.97 32
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Fig. 6 Standard deviation levels of noise for relay without outer
frame
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Fig. 7 Assembles with damping material
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Table 3 Noise dispersion levels of relay with damping material

Avg.
1 .
Overall S ar'1da.1rd Difference
Sample deviation
level [dB] [dB]
[dBA]
| existing 59.8 0.65 2.0
damping 55.4 0.37 1.3
) existing 61.8 0.74 2.5
on damping 574 0.20 0.7
3 existing 59.9 0.45 1.4
damping 55.9 0.24 0.9
4 existing 60.4 0.77 2.8
damping 55.7 0.53 1.9
| existing 44.6 0.74 29
damping 41.5 0.35 1.7
5 existing 42.7 0.92 3.7
damping 389 0.65 22
Off —
3 existing 434 1.41 55
damping 394 0.73 2.5
4 existing 44.8 0.97 32
damping 40.0 0.59 2.2
2 .
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Fig. 8 Noise standard deviations of relay with damping material
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Table 4 Noise dispersion levels of relay having a moving core
with tape and caulking area with damping material

Avg.
Overall Star}da}rd Difference
Sample deviation
level [dB] [dB]
[dBA]
1 57.7 0.54 1.8
On 2 57.4 0.53 1.8
3 55.9 0.38 1.3
1 41.1 0.48 1.6
Off 2 41.5 0.51 1.7
3 40.7 0.32 1.3
2
[Existing
W With tape
[]with tape and damping material

Standard deviation [dB]

I el

Sample 1 Sample 2 Sample 3
(a) On
2
[Existing
W With tape
[]with tape and damping material

Standard deviation [dB]

I 1 1

Sample 1 Sample 2 Sample 3
(b) Off

Fig. 9 Noise standard deviations of relay having a moving core
with tape and caulking area with damping material
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