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Development of Vibration Absorption Device for the Transportation—Trailer System (lll)
- Leaf Spring Suspension Device -

J. H. Hong W, Y, Park

This study was aimed to minimize the impact force and vibration transmitted to the transporting materials from the trailer
and wheel shaft by installing the leaf spring suspension device at the space between the wheel shaft and frame of power
tiller trailer. The developed trailer equipped with leaf spring suspension device was compared to the existing trailer without
suspension device, in order to identify the vibration absorption effect of the leaf spring. The results of this study could
be summarized as follows;

(1) The length and the maximum bending amount of the leaf spring were designed as 1,000 mm and 42 mm, respectively,
considering the possible space for installing at below the trailer. When 4 leaf springs were installed on both wheel
shafts, the allowable maximum load was identified as 9,418 N.

(2) The average vibration accelerations for the frequency less than 20 Hz, where the severe transporting loss could be
represented, were 0.017 m/s* and 0.133 m/s® for the developed and the existing trailer, respectively, showing the
vibration absorption effect of about 87%. And the average vibration accelerations on the driver's seat for the frequency
less than 20 Hz were 0.01 m/s” and 0.20 m/s® for the developed and the existing trailer, respectively, which showed
the similar vibration absorption effect.

(3) The change of the average vibration accelerations for the frequency from 20 Hz to 80 Hz showed the similar tendency
with the result for the frequency less than 20 Hz, but the effect for developed trailer was reduced slightly. And the
effect of vibration absorption for the above 80 Hz was reduced highly. However, by installing the leaf spring suspen-
sion device at the trailer, the low frequency below 40 Hz, which could affect on transporting loss severely, could
be reduced highly.

(4) The maximum vibration acceleration for the frequency less than 20 Hz were 0.027 mv/s” and 1.267 nv/s” for the developed
and the existing trailer, respectively. And the change of maximum acceleration between 20 Hz and 120 Hz was showed
similar tendency with the result for the frequency less than 20 Hz, but the width of change was reduced highly.

Keywords : Leaf spring suspension device, Average vibration acceleration, Impact and vibration absorption, Transporting
loss of material, Power tiller trailer

2

HAge] A% 71wl A719 Fa, HA )
|, FEEES S84 S0 met A3z

o

AEH) B

TAHES EYOR £EE 1 IAHE S FE A

& e HAE Ao sebHe) o

The article was submitted for publication on 2008-5-14, reviewed on 2008-6-13, and approved for publication by editorial board of KSAM on
2008-7-3. The authors are J. H. Hong, KSAM mumber, Professor, and W. Y. Park, KSAM mumber, Associate Professor, Mechanical Engineering,
Hankyong National University. Corresponding author: J. H. Hong, Professor, Dept. of Mechanical Engineering, Hankyong National University,

Ansung, 456-749, Korea; E-mail: <3781@hknu.ac.kr>.

224



Eglaa]o] 37} (suspension system) 25T A E
AAste] F3E o Fo] oA Wi AEoly FAE 2}
Aol A AGE ] Y= gro2H 2EF0] SRS WA}
1 £217ride comfortyS A sh= Axjolct. AFAte] @7}
A e e W= FAS Aslehs Al AZF(chassis
spring) ¥ AEH ) A{-R %S JABte] SAREE FA she
£ Q&t(shock absorber) I A2t Qoz EEEE A
& WRISR= AEPU ko] A (stabilizer) T2E 7= AL
H7PA = TF vkl $Asks ey Asd u 7
vl 9] AEHS AAle] ALea} FAle)] M 9 44
golw A, Z ulFE Ao dis) wvie AXE Ak
Ag-g a7 93 st a9 By ol o
"o} gubE oz 120 HzE Yol #Ed 78S =79,
60-120 Hz9| Aske-gollM saRtel 73 £, 40 Hz ©l3}
AME @527} Wl w7)A g B0 AR &
AT 744 & o7 wlely 1 gltk(Slaughter et al., 1993).

Ty ekl A g H3 gle Eddee d
TR E AE HEeA o= Ao RA FARES FEEAS
2 $Axe 773 kAT fEsta gl Aol
EYYeE F2 2907 Ho] AMgshs F7eAE HE
2 BollA] Yoz AFste] ARk Gl Zo] ol
AR o] WA Eddele] FAof Agst AxPE] AA AR
& AXEte] dA3 sk Zo] Fasith AR FEL
2 YU 25 Alo)E fdste] Eddele] $FE AA
3t e 23] o8 MEe AFHRFE Frekd
F5 Foll vhE]i= 40 Hz ©]319) RFa0E HAsAe
e e Javt Qv

b B oM eyl HEE R Qe Eddy
o] Aleko]] Hkat gy AAQ 712 AEE B8, o
AL 22a g9 Alo|o] Fzbol AAEe] vl oA WA
&= 2483 ATES ZAATE WS ekl A
FEradE HEstaA stk

2. = ¥ YH

I A EgaH

B Agol AME FEA7E 34EY 7.3 kwd] ¢l
A& gAY Ao v 5% 3,767 N 2 T o]
FYskA Agsiich Algel AREE EddE(Lee et al,
2003)3= Aubz o g FrlolA wol ARRHI Qe ATET
AA7F Q= BEEd dulTE ARES RE Eddeis
B A7) 7 ol A 7]F R AAS Alkel] nie} &7t

J. of Biosystems Eng. Vol. 33, No. 4.

AAE s ARSI

PR
B Apde $E4e7) Eddyd $4 9 Ase F
28} 2= Q1= Hrp| & AA ARsPon, o] AXE ¥

13} go] Edde] A% Sol AR 222 (leaf spring)& 2
et} F4E F5E & A=S st

o] Aol AMEE A 2XHLE T EAY AATEY o

BE Aspy) gl tolsl & 4 L, ARE Foll o= &0

2 Wk A Tl AR & S Qi el

Utk ubd Aw A 7 Ao]o] npEEo] WAL 0]

o}
A 7IAE A9 ok wE Ha AT So] A
k= A3 815 5402 e Follr] ZYATH w8
Ak, AFEAS] §7M0 2 AMEE Aol o)l B] Wil
iy o] Eolo] $Hgslo] AREEE LN WHiot)

AoAzg e W] we} B3} go] MR wj1eA7] o
ol & Alojo]l wpzgo] zgsitt. He] S AEHP
(chattering)®] @2lo] HAY & Qw9 g 2HHE
sl g oj AL wE] Y HEE nhEE AA &t
= ol £uk. a2y EFY WiF o wATHo] giEg]
(wind up) FHAFL YoA 7Ad £ HodlE B+
7} gl3 Hyke] npEL glelte] Fof g fash 74
og2x ZgatE g wpEE 4 sk o] Foh |9} o]
Ho v AZygo] FEAY Avd ¥ 7] WE
o oo wet vhag ] Fhs HE dart o, dukEe
2 @ AR|Y phEE ol WHoEE AZY B9 iTE
Zo|AY Hatof whaAFrE A2 Avlo]X(spaces)E AT
3= o] ek

ARAZHL d50] 7t o] A7d T3 Aol
sgleitt ey dAY 9358 fxlshe wEgdictta 7MY
o] =, A, FEN0 BAIE FPe) HRAEH
WA 8 & 7P 23 2L A3k s, Z1APE &
A% E= FEEsRs 490 25 F99 8- Ed(torque)
7} Zg3itt o7 Q&) TAHE 252 IHLFS A
Aol AxYol Ao gl=gel thst o] wwa 7]
mjio] S5 AET Hert v AoE AF A, §Y
AL7)= FEEE) 20 km/hr 0|5+ AEoR FYPEHER
FAlE7 12 8kt

A Ao Aabels A vy 277 AN
H1 gtk AR A Axe) 7 3hE o] WO F 2
SEaly $o Fuade] Uds] & o Fo] B B4ol &

225



75 EUYSY FASFEA N () -BT 22 WYX~

#o] A AxHe Foky A7Rshe Aol oA A
2 AA e ol Al A P HEsty wetd 4
#e) Fgo] I Zrin 7P Aolvk whd S 7}
T 7 BEET] o ol A& o= FellA v o
02 $ARE 39 A BRI o] R S
& 7122 s Axbdolr

A= AXYEe] A5 EHES] Holy, & 7
TA9 Aol gt Fgko] Ao ukgdE]=] k= dial &
A= AXFS oz EREIAG 1S AR Qo
I FA ol AR AZE el tish SHEELE Y] A
she Aol Atk whebAd digke] AxE 54, 4
7] 98 BH o2 Aol Bskal, GAE 54
5% A7 = ASoe gebiE A4 Bl
o7 dukziEof gk

el B AlEAN Y ALT] EdUyY IR
AeAgt Aok FAS 7249 FHE AU FAATHE A
31, He vhEEy A5FAY A B9 AHolAR
AR, oht Hostze] 282 g vk, AW, HERH
TS v Ao R sfAste] AT

A Seluete] BEET Q= Y] Edde]d A
A 9A FHE 9,810 NOZ AgEo] gloTg & A
£ 555X (suspension system)E T8 A% Al
AANFHL 7zt uiFlel dele e150] 4,709 No| HES
Aslx, Edde]e] spebio] AA7t 7bsd 334 F
o] 55 13l F7+S) HolE 1,000 mm, Hu AL 42
mm7} § 52 A0k Tl 28 22Nl AR-H
I PE Y Feo| 4w AZE AYE 7ol HARY
DY 3}EAEAS A7MAXE adE A E3k= 2ol 7hsdt
Hr} AW ATY S TSR ¥ A W 22 AS, AT
Ak 28 o, A 68 o} AoF FIATh

Xl

(o]

ol

E‘
oz ™

s ooy M2 e

b

d

T

i P 2xr @
-3
o714, 2P

226

Fig. 1 Diagram of steel suspension systems at trailer.
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Fig. 2 Sensing position of the vertical accelerations for the power
tiller-trailer system.



Table 1 Specifications of the acceleration sensor and FFT analyzer

J. of Biosystems Eng. Vol. 33, No. 4.

Acceleration sensor FFT analyzer
Sensitivity 482~525 mV/g Frequency Range 1~20 kHz
Measuring range 10 g Conversion 24-bit DAC
Resonance frequency 22.0 Hz Dynamic range 110 db
Temperature range 0~65T Coupling AD (4 mA)
Transverse sensitivity 1.0%
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Fig. 3 The average accelerations occurred up to 120 Hz for existing (ET) and improved trailer (IT). Tf, Tm and Tr: accelerations at front,
middle and rear of the trailer (m/sz), Ta: average acceleration of Tf, Tm and Tr (m/sz), S: acceleration at seat (m/s’).
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Fig. 4 The maximum accelerations by the 20 Hz levels for existing (ET) and improved trailer (IT). Tf, Tm and Tr: accelerations at front,
middle and rear of the trailer (m/s), Ta: average acceleration of Tf, Tm and Tr (m/sz), S: acceleration at seat (m/sz).
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