o

Z]

S e e g] 419 W Al 10 3 pp. 996~1002, 2009.
AAAE 4 Belola Ahage] B4 Y SAAY B3 A7
Experimental Study of Wet-Brake Squeal Noise in a Forklift
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ABSTRACT

Elimination of squeal noise occurred during brake application is an important task for the improvement

of comforts in an industrial forklift. In this paper, a test rig was developed which was possible for

testing of brake noise and an experimental measurement on squeal noise was performed. The causes of

the brake noise are identified by experimenting how the factors such as automatic transmission fluid and

rpm of drive axle affect the squeal. In order to identify the squeal characteristics, the signal analyses for

noise are performed by using frequency spectrums. Also, brake test using a forklift was carried out to

confirm the reliability of test results by using a test rig comparing with the occurrence of squeal noise.

Experimental results showed that the tendencies of occurrence of squeal noise are well agreed at two test

methods by using the test rig and forklift.
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(b) Side view
Fig. 2 Test rig for forklift squeal noise

(a) Front view

Fig. 3 Brake components consisting with pairs of
plate-friction and plate
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Fig. 4 The SPL time history of brake noise in a test rig at 600 rpm of motor
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Fig. 5 Comparison of the frequency spectrum between “before braking” and “at braking”at 600 rpm
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Fig. 8 The SPL time history of braking noise at LSLT condition in a forklift
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Fig. 9 Comparison of the frequency spectrum between “before braking” and “at braking” at LSLT
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Fig. 10 Comparison of the frequency spectrum between “before braking” and “at braking” at LSHT
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Fig. 11 Comparison of the frequency spectrum between “before braking” and “at braking” at HSLT

A model ATF

dB(A)

Freq.(Hz)

T 14 ARel 279 SAAF Fig 11914 A
WAl ¥]3 F3E 1280 Hzo)al, 114 iyl %

A9 A3} Fig 12014 93 F3<RE 1430 Hz2
S35 AUk

=, Fot5Ael wet, ﬂ‘:‘;} Z3old 249 9
A F97E 1579 oo w o FHaL, IHE R
whet &z 7lo]| *ﬁA Fgol aFak tjejow
ol FH ek A, AAAI} AAA AR A
747t 5% 24 B Fuert AR t2A o
e S fAdF9 EED S F-ekded
zfole] o] WHAE= FOR olaE 4= itk

5. 8 &

o] i AE AARE ¢ F2 Beo]elA
WA 2dae ARS H8 AAGA A 28
o Qe APEAE NEESith AAA] FE

5h=2

B model ATF

Freq.(Hz)
Fig. 12 Comparison of the frequency spectrum between “before braking” and “at braking” at HSHT

Z(drive-axle)¥} EE, Blo|a Y, ZZold, &

U ZRJIE & o]&3t *ﬁi-% AL 5
TSI AEAH ] 2~ ST SHAHY A
S5 fste], BH 3Adget A8 SEHATHS
WAANA 284258 SAS &, AAA A4}
Aglog vyold AlF 42gS 5453 on, A3
AAE o] g AT} AR AEdS YERE
A& Glsielct
FEF79 574 WE A25SHAFHA, F24] B
do]79] 284S 879 T/ w2 %
A FE7E FEEERE ATFY 83584 S 54
o] Fholl Ay S W ASEAoR olsd
th &% 9 BaPdeel &89 TR 4 AdEx
Ao wet 284S F435ta T4 £48 3
Gom =49 BE XA ~F HA Fy
= HA FIgoIAEEH 2, 3ul4 o] dgst
HAo R AgAgo] WAYHE AL Y
ASXNSSEI=28/A194E A 10 &, 20093/1001



o
=
ofN
2,
1o
T
N,

31987935

E, ARG} AAR] HAAE o] 8F ~2EAE]
SAARAM A 22 FFRHATHE AHgehd =
Pago] WAHI, 1O Fues SR} Fax
Aol wet WEEth 5, Fei5gd weh S 3
Fob oW Agage] WAl a1t e oR
of sty &, &Ll weh, aszdod A
Wage] WA a3 oo ofFH gl

ozt o] el APFAE ol8d AULH
HAe] ARG AAA A =4 29 54
Ads vlawste] A@FA ] F84E AUT &
AT

(1) Yoo, H. H., Park, K. B., Shin, S. H. and
Kim, T. I, 1997, “Development of a Procedure to
Calculate Principal Internal Force for the Strength
Design of a Forklift Truck Brake System,” The
Korean Society of Automotive Engineers, Vol. 5, No.
5, pp- 27~36.

(2) Kim, W. H.,, Joo, W. H. and Kim, S. K,
2004, “Vibration Characteristics and Countermeasures
of a Transaxle Type Forklift Truck,” Proceedings of
the KSNVE Annual Spring Conference, pp. 912~918.

(3) Lee, D. 1., Choi, H. W., Park, K. B. and Lee,
S. K., 1996, “Dynamic Response Optimization for
Reduction of the Fork-lift Truck,”
KSNVE  Annual

Vibration

Proceedings of the Spring

Conference, pp. 155~160.

(4) Ra, D. J, Kim, J. H., Choi, S. B. and Kim,
N. I, 2004, “Study on Riding Quality Improvement
of a Forklift Truck through Structural Vibration
Analysis,” Proceedings of the KSNVE Annual
Autumn Conference, pp. 542~545.

(5) Kim, W. H.,, Hong, I. H. and Chung, J. T,
2008, “A Study on Noise Reduction for the Driving
System of a Forklift,” Transactions of the Korean
Society for Noise and Vibration Engineering, Vol. 18,
No. 1, pp. 80~86.

(6) Jang, H. K., Lee, S. H. and Kim, T. L., 1996,
“Reduction of Wet Brake Squeal in Forklift,”
Proceedings of the KSNVE Annual Autumn
Conference, pp. 98~103.

(7) Horace. E. Staph, 1985, “Experimental Study
of Wet-Brake Friction,” SAE 851575.

(8) Friesen, T. V., 1983, “Chatter in Wet Brakes,”
SAE 831318.

(9) Vincent, M. Stempien, 1981, “Wet
Brakes for Off-highway Vehicles,” SAE 811288.

(10) Michael, R. A., 1992, “Key Elements of Wet
Brake and Clutch Design,” SAE 921660.

(11) Kim, J. H., Bae, B. J., Lee, S. H. and Kim,
T. J., 2005, “Squeal Noise Analysis and Reduction
of Drum Brake Using Component Mode Synthesis,”

Transactions of the Korean Society for Noise and

Disk

Vibration Engineering, Vol. 15, No. 1, pp. 72~80.

1002/3t=2 A3 SIS =2 &/A 19 E A 10 &, 200913





