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ABSTRACT: In this paper, the structure-borne noise reduction on electrical equipment is discussed by the
experimental analysis. The water cooling system in electrical equipment is the only noise source, so the mock-up
was made to measure noise characteristics. Effects of power supply, stiffness, isolation of noise source and natural
frequency determined by resilient mounts are investigated using the mock-up. The console prototype was made
referring to noise reduction technique by the mock-up. The structure-borne noise level of a console prototype was
measured and some experiments to reduce the noise was undertaken. The 1% and 4™ harmonics of operating
frequency of cooling fans causes highest structure-borne noise levels. The control of operating speeds of several
DC cooling fan groups was tried. Also types and installation layouts of resilient mounts were investigated. To
reduce structure-borne noise, followings can be applied: increase of stiffness, isolation of source, decrease of
natural frequency of mount, combination of operating speed of fans, selection of mounts, and so on.
Keywords: Electrical equipment, Structure-borne noise, Cooling fan, Noise reduction
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Fig. 1. Criteria of the structure-borne noise.
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Fig. 2. Measurement setup.

(b)

Fig. 3. The water cooling system mock-up (a) before
removing case, (b) after removing case.
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Fig. 4. Measured structure-borne noise of the mock-up
with AC/DC supply.

T T T T LI T T T T
10 dBl —u—1 fan
~0--2fans
23 fans
--v-- 6 fans

Vibration Level (dB, re. 5e-8m/s)

315 63 125 250 500 1000 2000 4000 8000 16000
1/3 Octave Band Center Frequency (Hz)

Fig. 5. Measured structure-borne noise of the mock-up
for number of operating cooling fans.

ko] A P 113
£ 218l ffsto] Wzt el 25 th -5 M Aot
A FRAeE S48 Fig 5ol et et alw
LS TFshs 8- YAl 25 <ol whetA]
5747239 peak7} W Btoh= 21 2Rl o, o]
ZRE & Aol M= AR YRS o]8-she] A}
Y] PSS S8

U] FUT 22Ul YA R E A
ot a3 AEs}y] flste] W A8 A =
EAF]ol| 3 mm Al A/ ES AFQIshaL glo| =2 11

ek ol s fES
6 Fx). Fig. 70| 4| H.o|=v}e} o] 63,200 Hz W=
of| Al ©F 10 dB 4x8f= A& ZRIskoiT

o] AlolAs Avt 8}
8ofl Lretar
EER o}oq 63,200 Hz i =0 1 TR o]
37 TS ERIsHATE 24 AFA1Q] A

A
o
p=)
z
=
o
%
4

7o ofat w7HE FRs}7] 91519 Fig 9
SEEL B

jg

7k
E
BRI A R 59 S B 7}Ele] =3

assembly.

10 dB[

\ T
u 0.4

Vibration Level (dB, re. 5e-8 m/s)

u-g
|—m— Measured with Fan fixed (energy AVG [z-axis]) \. 1
O I:/IeasuEed Wittl Fan ilsolatioln (ene{gy AVIG [z-a)&is])\;!

16 315 63 125 250 500 1000 2000 4000 8000
1/3 Oct. Band Center Frequency (Hz)

Fig. 7. The influence of a fan assembly isolation on
the structure-borne noise the mock-up.
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Fig. 8. The influence of a case fixing condition on the
structure-borne noise of the mock-up.

Fig. 9. 3-D model of the modified mock-up.
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Fig. 10. The influence of a modification on the structure-
borne noise of the mock-up.
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Fig. 11. The installation of the added mass (80 kg)
on the modified mock-up.
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Fig. 12. The influence of the added mass (80 kg) on
the structure-borne noise of the modified mock-up.
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Fig. 14. Measuring positions for the console prototype.
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Fig. 15. Measured structure-borne noise of the console
prototype with different operating conditions.
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Fig. 16. Installation of isolators for the console prototype.
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Fig. 17. Measured structure-borne noise of the console
prototype with different mount installation conditions.
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