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Abstract: Commercial drivers feel tired more than the general public, because their driving times are long
and they experience more idle vibration. In this study, we developed a nonlinear model of a magnetic, linear
spring seat suspension to determine the optimal design to improve ride comfort. The resonant frequency for
the optimal design of the suspension was found to be 3.5 Hz, and the stiffness was analyzed through
displacement-load experiments. Additionally, the vibration transmissibility was analyzed by the suspension
stiffness, and the existing coil spring type vibration transmissibility was found to be 0.99. A parallelogram
type magnetic spring was determined to result in a better performance than the existing spring with a
vibration transmissibility of 0.823.
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Fig. 1 The modeling of the driver seat suspension
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Fig. 2 The design of magnetic spring

Fig. 3 The composition and structure of magnetic
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Fig. 4 The mechanics structure of seat suspension
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Fig. 5 The detail design of magnetic seat suspension
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Table 1 Specification of Hydraulic vibration test ° ° = 1_5 .
machine Displacement (mm)
— (a)
Specification 2000 —
1. Vibration Actuator ——
- Max. Dynamic Force : £50kN ©]4F
- Max. Displacement : +150mm 1200
- Operating Frequency : 0.1 ~ 100Hz 125
- Transducers : LVDT, Accelerometer S ol L b |
- Acc. performance : 6G at 10Hz of 5kN dynamic 8
load. 70
2. Controller : Digital & Vibration Controller 500 [t
- Random, Swept Sine, Shock Transient Control 250
- Seismic Isolation Base with Suspension System . ‘ ,
0 5 10 15 20 25 30 35 40
Displacement (mm)
(b)
2000 e B
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£
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500 |
250 1
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(c)
o ) Fig. 7 The results of displacement-weight test (a)
Fig. 6 Photograph of Vibration Test Machine and Coil spring type (b) D comp. magnetic

Suspension Specimen spring (c) Parallelogram type magnetic spring
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Table 2 Test Condition and Result of Resonance

Frequency

Test Condition Result

- Amplitude @ 8 mm | 3 ¢y,

Coil Spring Type
Frequency Range :

D Comp. 1~8Hz 3.2 Hz
Magnetic Spring Sweep Rate :
Parallelogram Type | (.05Hz/sec 35 Hz

Magnetic Spring | Weight : 70 kg
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Fig. 8 Result of Resonance Frequency (a) Coil
spring type (b) D comp. magnetic spring
(c) Parallelogram type magnetic spring
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Fig. 9 Unweighed rms value of the measurement
vertical acceleration at the seat and plate at
the resonance frequency(a) Coil spring type
(b) D comp. magnetic spring (c) Parallelogram
type magnetic spring

AT = v BIAAE vaE AT
FHAT7E e AoR Atndn
Eek 2le AEES Altshr] flel WA ezt
5 Sgdslen, 9 HAES Sl 7 Ay
Er d7p7late] ST ukaol A€ Plate] X157}
Lok AES Aertses SAshL HFAHoR
2 (9o 2ol s AdES Atsiaict
H(fr):a’s(fr)/ap(fr (5)

Fig. 8o sx1Fvha=o] SAHANS HERolon,
S AxE @rplate] $x15 9 oF 3 Hz, D
Ab e A7Re] SRSk oF 3.2 He,
B vhale A7 oF 3.5 Heelld &
AFopp7E et b 228 drprlate] Al
213 A g Table 20 Ak S4€ 24
229 B4 7)ol sF s vlee R
B HAES ArEglen, Fig ok & A3} gk

HAFA. Plateoll A 9] HE 7= 3704 B
T e e ds 1-104 TRom, A Ed
Ao Ae7tems 2Y2EH BYdA $4% 2

EQ o n



358 ol - AFA - A8 -

ko] A Y-S HoFar, DAFY vlfayg A~k

Y B BEAPAE B mavg Az niE

5z RS Be] Flok o]ed 9 HAEES

E3) Platee] 57159 AES ASrEws

stelon, HFAom ¥ xﬂr;el—%g Axrsk o).
AN FYxEH

0.990, DA} H}:LLﬂ‘Q A7
& viave @zl Sl

S HAFAh o] ﬂ%ﬂ A3 9 1% vl
Table 3ol ]t}

Az s st FagkE Hrrer e A
24 7FEEe] ¥ Ay -3 % (Root Mean Square
Value)7} ol ARgE A Qi) kAR 1A= 7F
z TJJrTUr 7h7 kel wisle] mEt M2 o
B A0l 7}
o] Fulgtfdel sk
=2 ?@7417} 3= OI

=l
0
~]
&”
)
o
>~
>
fo off & rlo

o] kg H|5& H2A o= W Ol A}ﬁﬂ
o, xHoR 7153 (Weighting Functlon)a
o] &3k Wo] ARg¥ I Utk

TFA (SO 10326, BS6841, 1SO 2631)°ﬂ =
TR pEE dgk A REES are g
SAEe] A EQl W 3rE FapEg oA Fo

Table 3 Test Condition and Result(Transmissibility)
of Damping test at the resonance frequency

Test Condition Transmissibility
-f:3Hz
coil I Displacement : = 8 mm |a,(f;) = 3.607 m/s’
ol
Sori - Sweep Rate :0.05Hz/sec |a,(f;) = 3.642 m/s’
rin,
]E) &1 Frequency Range : H(f,) = ay(f,)/ayf)
e
P 1.5~6 Hz(0.5~2times) = 0.990
- Weight : 70 kg
-f:32 Hz
|- Displacement : + 8 mml|ay(f;) =3.806 m/s’
Magnetic 2
Sori - Sweep Rate : 0.05Hz/sec|a,(f;) =4.349 m/s
rin
prmng | Frequency Range H(f,) = ai(f,)/ayf)
(D Comp.) .
1.6~6.4Hz(0.5~2times) = 0.875
- Weight : 70 kg
Magnetic “fr: 3.5 Hz
Spring | Displacement : = 8 mm|ay(f,) = 3.711 m/s’
. _ 2
(Parallelo|” Sweep Rate : 0.05Hz/sec|a,(f;) = 4.507 m/s
- Frequency Range H(f,) = ai(fy)/ay(f)
-gram
& 1.6~6.4Hz(0.5~2times) = 0.823
type) | Weight : 70 kg
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Table 4 The specification of vibration test

Weighted | Weighted SEAT
ms ms Factor
Test a
Condition a wﬂz(at a wslz(at wsl2
platform) sample) /
[m/s7] [(m/5°] | @ yp12
Ist test 0.935 0.719 0.768
. . 2nd test 0.980 0.746 0.762
Coil Spring
3rd test 0.943 0.722 0.766
Mean 0.953 0.729 0.765
Ist test 1.004 0.680 0.678
Magneti
ANC T ond test | 1.001 0712 | 0711
Spring
3rd test 0.992 0.702 0.707
(D Comp.)
Mean 0.999 0.698 0.699
Ist test 1.064 0.799 0.751
Magneti
SENHC T ond test | 1.053 0.794 | 0.755
Spring
3rd test 0.989 0.753 0.762
(Development)
Mean 1.036 0.783 0.756
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