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ABSTRACT

Ball joint 1s a important part used as link parts in an automotive

suspension and steering system. The ball joint consists of body
socket, ball stud, plug and ball seat. In these part, ball seat is a
major autemotive produced by engineering plastic. As increasing
importance of engineering plastic, the technique of manufacture
method related in plastic products has been developed quickly and
continuously.

This study is about ball joint using plastic ball seat of insert

molding type. This insert molding type can reduce badness from



assembling process between ball stud and ball seat, and designs
highly mechanical efficiency of the ball joint.

A new model ball seat was analyzed by a FEM and compared
with the experimental data. For increasing analytic accuracy about
ball joint, the model needs to consider every kinds of nonlinearities
arise in the finite element analysis, which are geometric nonlinearity
due to large displacement and small strain, materially nonlinearity
and nonlinear boundary condition. So in the study, the deformation
behavior of the ball joint was analysed using the commercial finite
element program MARC. This program could solve accurately these
nonlinear analysis problems. The Finite element model of the ball
joint was considered as 2-dimensional axisvmmetric model to reduce
solving time. And also the finite element type was chose as
QUAD(4 nodes) for enhancing accuracy of analytic result. Material
properties were got form tensile test of each material.

Ball seat mold was designed by consideration with location and
density of weld line. The position of weld line was found by the
Moldflow, the computer software for melt flow analysis.

Finally, this study present a chance of new production method about
the ball joint and the resuit of FEM analysis should be a useful data

to design of the ball joint.
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Fig. 1.2 A ball seat using insert molding
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Fig. 25 Information of FE model
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Fig. 17 Reaction force on the end of
a ball stud
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Fig. 23 Information of R-type FE
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Fig. 31 A reaction force of the
cend of a hall stud
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Fig. 36 Schematic diagram of 2-D flow

=5
= |
+
QJ'QJ
~~
k=)
&
R
+
ok
—
Ee)
2
g
+
~~
»
=
S
|

................

2
’Oc(af 8T+8T f,{aT

..........

29 &xold =

= AElE) FAe] vt p, TE 2

e = 03]7|0ﬂ '] = C}_}NJJ,}. _Q_r o}

_32_



u@

sholty. Cp, k, nin Zhzb bl D (specific heat)2} & 4% & (thermal

conductivity), A A A Al (shear viscosity)S ek =3k fa#

U £ E(effective shear rate) yi= 3 2o} rekd] Yehdloi o,

u=v=w=0 ;, T=T, al z=xh - -+« -« 426
Gdu _ 0v. or _ =0 e
3z aZJru 0 e 0 at z=0 427

Hoz 7pgskel 4T F A, o AT AU, SR, o

B R N N« E
3t+ ox (pu)+ ” ay(ypv)—— 428
T2

1 9D ‘
o )22 =g 429

_33_



Fig. 37 Schematic diagram of 1-D flow
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Table. 3 A condition of analysis process

Mold material KP4

Runner diameter 60
Mold condition -

(Gate type side gate
B Gate sizém 7 Zmm
B Resin POM
Injection  molding|Resin temperature 2307T
condition Mold temperature 40T

Fill time 3sec

o Max pressure 1400k gf/em’

Machine condition Clamping f’(');ce 7 ton
| injection rate 7.2x10-5 m%/s

ojgrdl Mo FETHE R-type?l ball seat w3 AlAlL Ao A

8]

B A 27 datel YA FAsGC R4 )€ T-type

hall seat? A3 R-typed 22 3lsto] v w3l o

Fig. 38 R-type base model Fig. 39 T-tvpe base model
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Fig. 40 R-tvpe Confidence of fill TFig. 41 T-type Confidence of fill
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Fig. 47 T-tvpe fill time

Fig. 46 R-tvpe f{ill time
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Fig. 48 R-type Fig. 49 T-type

injection pressure Injection pressure

99 Fig. 4849 Injection PressureS wEPH  Zelt}  Injection
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Fig. 50 R-type flow front Fig. bl T-type flow front

temperature temperature
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9 Fig. 50, 51 Flow Front Temperature® ueldcy o] &j4 2]
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Table. 4 A condition of injection process

Machine |LG-140ton ( 1400 kgfiem® )

Grade  [FM2020 ( POM )

Injection 1 2 3 4
pressure 60 60 60 %
Injection ) L
. JOASHAIT L sec
time
Injection
(HN)230| (H1)225 (H2)220 | (H3)210 T
temperature
holding
45 45 45 %
pressure
holding
. 1.5 sec
time N
Cooling
) 30 sec
time
Clampin
ping 100 ton
force
Mold
80 T
temperature

obel Fig. 56& 99} #& 2oz A3m AME BEYE o

R-type ball seate]tc}.

Fig. b6 a ball seat using

insert molding
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AME EYS o] &3 ball seat?]

Fig. 57 R-tvpe ball joint using insert molding
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