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A Study on development of Stabilizer Link of Composite Material

Young Man Woo

Department of UR Interdisciplinary Program of Mechanical Engineering
Graduate School
Pukyong National University

Abstract

A stabilizer is equipment for balancing a vehicle by reducing severe
rolling. A stabilizer link connects the stabilizer bar to the lower arm of the
suspension. When a wehicle is turning, lateral forces from the tire are
transmitted throughthe stabilizer link into.the stabilizer bar. The stabilizer
bar will twist, thus add rigidity to the wvehicle body.

The stabilizer link was manufactured from metal and composite material
of POM and 25% of glass fiber. Tensile strength, compressive strength,
wear, fatigue and ball stud separation of the stabilizer link was evaluated
and these properties satisfied the standard criteria. Among four types of
rod, knurled rod showed the highest strength. We improved the shape of
stabilizer link body by reanalysis of injection molding. In analyzing
materials property using optical sensing technique of stabilizer link for

automobile parts, its has been identified the safety.
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Table 2.2 Tensile load-displacement “at fracture for knurling

specimen of #1 ~ #5

Specimen

#1 #2 #3 #4 #5 Ave.

Load
10.46 | 1045 | 10.64 | 1059 | 1036 | 10.50

(kN)

Displacement

2.851 3105 | 2979 | 3.057 | 3109 | 3.020

(mm)
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Fig. 2.10 Tensile load-displacement curve for knurling specimen of
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Table 2.3 Tensile - load-displacement at fracture for knurling

specimen of #6 -~ #10

Specimen

#6 #7 #8 #9 #10 Ave.

Load
10.88 | 10.67 | 10.76 | 1045 | 10.84 | 10.70

(kN)

Displacement

3.009 | 2958 | 2866 | 2.885 | 2.844 | 2912

(mm)
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Fig. 2.12 Fracture appearance after compression test
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Table 2.4 Compression load-displacement at fracture for knurling

specimen of #1 ~-#5

Specimen

#1 #2 #3 #4 #5 Ave.

Load
-12.8 -13.1 12.7 12.5 12.2 12.7

(kN)

Displacement

3106 | 3179 | 3186 | 2756 | 3.117 | 3.068

(mm)
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Table 25 Tensile load-displacement at fracture for knurling
specimen of #6_~ #10
Specimen
#6 #7 #8 #9 #10 Ave.
Load
-13.4 -13.5 -12.9 -12.9 -13.6 -13.2
(kN)
Displacement
2939 | 2831 | 3.022 | 3411 | 3.349 | 3.110
(mm)
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Fig. 2.16 Fatigue fracture surface

Direction of crack propagation
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Fig. 2.21 Finite element analysis under tensile load of 10.5 kN
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fatigue loading system before modification.
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Table 2.6 Mechanical properties by heat treatment

Heat Treatment | Yield strength | Tensile Strength Elongation
condition (MPa) (MPa) (%)
Annealing 490 685 24
Quenching 843 983 18
Tempering 692 861 20

Table 2.7 Mechanical properties by as-received material
) Yield strength | Tensile Strength Elongation
Material
(MPa) (MPa) (%)
SM45C 666 721 24
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NES Ad POM+GF 25%°¢|th. POM+GF 25%% {84l
(Glass Fiber)E Z3tAlE AHER HdaAZA, dUAEECR2 AHE
o oA [CC] A9 copolymer 5 UEHUWE &A=
-[CH2-OIN--[CH2-CH20]M- 22 EA7ZE 71 FAoltt. A F <]

=g

Ao e w2 A4, A= 2 4dHE 2

w2 oo o

o] Zt}. Table 2.89 POM+GF 25%2] A E4< Yehith

Table 2.8 Properties of POM+GF 25%

Property M:::gd Unit Value
Physical
Density ISO 1183 g/cn 1.59
Melt flow rate ISO 1133 £/10min 7
Thermal
Deflection temperature 1 8MPa ISO 75-1.2 iC 162
Flammability UL94 - HB
Mechanical
Tensile strength 231C"| IS0 SZE12 kgf--"cm2 (MPa) 1,630 (160)
Strain at break 23T ISO'527-1.2 % 3.0
Flexural strength 23T 1ISO 178 kgﬁ"c:m2 (MPa) 2.240 220)
Flexural modulus 230 IS0 178 10" kgf/em™ (MPa) 8.40 (8.250)
Charpy notched impact strength IS0 179/1eA [kgf + em/em (kJ/m') 82 (3.0)
Electrical
Surface resistivity IEC 60093 Q 1x10'"
Volume resistivity IEC 60093 £ - cm 1x10"
Dielectric strength IEC 60243-1 kV/mm 23
Molding shrinkage (Flow Direction) % 0.5

t3mm, P 100mm
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Fig. 2.26 Loading system for characteristics test of composite material.
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Table 3.1 Mechanical properties of SCM435 for rod part

oy (MPa)

Ot (MP&)

>784

>931

Table 3.2 Tensile strength (MPa) of POM

POM

POM+GF 10%

POM+GF 25%

64

101

152

Fig. 3.1 Example of injection molded product
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(c) Forging (d) Knurling

Fig. 3.3 Shapes of rod end
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Fig. 3.4 Schematic loading direction of the stabilizer link
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Table 3.3 Temperature conditions used in filling analysis
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(c) Body fill time

Fig. 3.8 C-MOLD analysis
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(a) Forging rod (b). Knurling rod

Fig. 3.12 Fracture shape of link body after tensile test

Fig. 3.13 Appearance of deformed rod after compressive test of

knurling load
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Table 3.4 Gap by wear test

Axial direction gap (mm) Transverse direction gap (mm)

Avg, 0.02 0.13
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Table 3.5 Fatigue life

classification Cycles Remarks
DI forging (No.1) 198,464
damage of B/Joint
TO rolling (No.2) 202,239
DI forging (No.3) 55,349
damage of B/Joint
TO rolling (No.4) 474,331
710
DI forging (No.5) 22,110 pull-out of rod end
TO rolling (No.6) 144,747 damage of B/Joint
DI forging (No.7) 582 pull-out of rod end
TO rolling (No.8) 24,368 damage of B/Joint
DI forging(N0.9) 148,143 pull-out of rod end
TO rolling (No.10) 176,466 damage of B/Joint
D 8
DI forging (NO.11) 202,253 pull-out of rod end
TO rolling (NO.12) 245,819 damage of B/Joint

DI : Rod forging + grease IN injection product

TO : grease injection product after injection



Fig. 3.14 Example of pullout

3.15 S-N curve of knurling rod specimen
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Table 4.1

Tensile strength (MPa) and elongation (%) of POM

POM POM+GF15% POM+GF20% POM+GF25%
Ot 64 120 140 160
e 40 3.6 3 3

Fig. 41 Example of injection molded product



POMe| A& H&4 A=

Np

Z POM A}

Kl

—_
file)

oF

o

H
™

oy

sH)
=

o} ol A& A

o

[—=—
fi%e)

—_
o

3}

RN
o

190~ 210 C(7}

™ 200 ~ 210 C)7F AW

10 ~ 15 C

i

A

Itk POM

file)

oo

i)
M

ol
A

ﬁo

Np

3Tk POMe A}

50" gl

MPa ©]4, Hele 49 ~ 98 MPa® AR

bdeh A

s



423 A3

Fig. 429} &2 471X]9] A= th

—_—

°
J)

"o

;01_

J-
ﬁo

o

Aol WANTE 217 20, 40, 80 secE WA A G

BN

|

o

B
o

ﬂo

p=R
=

& Fig. 433 29

T

B

o

O

B!

i
bl
iy
<]

—_
o

= 7] FolA AA

<

mm/min .=

o

l

A

]

c!

5] ©
z1)_241'5'

bof ok A

&

= °]&

271

MhE WA

=

‘:I.T
=
1 4

led 3

3

+

3 HMFa4 05 Hz, + 15°9 FHIZ Q% Fu 25 Hz2 AAs

O

A
o

}1=S012 Hz2 10°38] =44 A

0|

157 kN¢| 3

FA T



(c) Forging (d) Knurling

Fig. 4.2-Shapes.of rod end

—

Fig. 4.3 Schematic and loading direction of stabilizer link
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Table 4.2 The condition of one block load

Block order + kN Hz Cycle
1 2.94 5 540
2 3.43 5 10
3 3.92 5 50
4 417 5 60
5 3.92 5 50
6 3.43 " 10
7 2.94 5 540
8 245 b 930
9 1.96 5 2850

10 1.47 5 4500
11 0.98 5 21000
12 1.47 5 4500
13 1.96 5 2850
14 245 5 930




Fig. 44 Three type of fatigue load

Fig. 4.5 (a) Structure of hetero-core sensor and
(b) a conversion structure for linear

displacement to macro bending
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Table 4.3 Gap of both direction by wear test
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Table 4.4 Fatigue life

of rolling and forging

classification Cycles Remarks
DI forging 198,464
damage of B
TO rolling 202,239
DI forging 55,349
damage of B
TO rolling 474,331
DI forging 22,110 pull-out_of rod end
TO rolling 144,747 damage of B
DI forging 582 pull-out of rod, end
TO rolling 24,368 damage of B

DI : Rod forging + grease IN injection product

TO : grease injection product after injection
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(b) TO rolling

Fig. 4.9 Typical example of pull out of rod end

and damage of ball joint
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(b) Displacement vs cycle from load + 2.94 kN
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