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Prediction of Structural Performance of an Automotive Ball Joint
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Abstract An automotive ball joint connects the suspension system to the steering system and helps to enable
rotational and linear motion between the two elements for steering. This study examines a ball joint used in medium
and large-sized pickup trucks. Ball joints consist of a stud, socket, bearing, and plug. The main structural performance
metrics of ball joints are the pull-out strength and push-out strength. These structural parameters must meet certain
criteria to avoid serious accidents. Test and simulation methods are used to investigate the design requirements, but
tests are time-consuming and costly. In this study, we modeled ball joints in SolidWorks and performed a finite
element analysis in Abaqus to predict structural performance. The analysis was used to obtain the structural
performance required for the static analysis of a 2D axisymmetric model. The uncertainties in the manufacturing of
the ball joint were assumed to be the manufacturing tolerances, and the dimensional design variables were identified
through case studies. The manufacturing tolerances at each level were defined, and the results were compared with
experimental results.
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Table 1. Pull-out strength by Experiments

no.

Pull-out Strength(kN)

72.21

72.93

70.29

72.73

73.33

S e

70.26

[1(Average):71.96kN, o(Standard Deviation):1.35kN]

Table 2. Push-out strength by Experiments

no.

Push-out Strength(kN)

1.

121.95

123.50

124.22

124.16

123.66

2
3
4.
5
6

122.63

[n(Average):123.35kN, o(Standard Deviation):0.90kN]

@
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Fig. 1. (a) 3D Model (b) Sectional Shape

Fig. 2. Boundary and Force Condition in Abaqus

Fig. 3. (a) Initial Axisymmetric Section Model
(b) Modified Axisymmetric Section Model
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Fig. 4. Size variables of Case 1.

Fig. 5. Size variables of Case 2.
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Fig. 6. Size variables of Case 3.

Fig. 7. Size variables of Case 4.

Fig. 8. Size variables of Case 5.

Fig. 9. Size variables of Case 6.

X2 :1.19mm

Fig. 10. Size design variables of Original Model

Table 3. Pull-out strength according to variation of size
variable in Case 1.

Pull-out
Variation Length (mm) Strength(kN)
+5 39.45 70.7
+3 37.45 70.7
original model 34.45 70.12
-1 33.45 71.8

Table 4. Pull-out strength according to variation of size
variable in Case 2.

Pull-out
Variation Length (mm) Strength(kN)
+5 22.5 76.87
+3 20.5 7479
original model 17.5 70.12
-3 14.5 64.68
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Table 5. Pull-out strength according to variation of size

variable

in Case 3.

Table 11, Size for each level of Case 3-1.

Table 6. Pull-out strength according to variation of size

variable in Case 4.
Pull-out
Variation Length (mm) Strength(kN)
+5 30 70.86
original model 25 70.12
-1 24 69.76

Table 7. Pull-out strength according to variation of
degree variable in Case 5.

L Degree (°) Pull-out
Variation Strength(kN)
+20 60 57.8
original model 40 70.12
-40 0 78

Table 8. Pull-out strength according to variation of size

variable in Case 6.
Pull-out
Variation Length (mm) Strength(kN)
+1.81 3 75.92
original model 1.19 70.12
-0.69 0.5 63.76

Table 9. Size for each level of Case 1-1.

Variables
X1 (mm) X2 (mm)
Level
Level | 18.5 2.19
Level 2 17.5 1.19
Level 3 16.5 0.19

[ x :#lmm, x, :#lmm ]

Table 10. Size for each level of Case 2-1.

Variables
Xy (mm) X2 (mm)
Level
Level 1 18.5 1.49
Level 2 17.5 1.19
Level 3 16.5 0.89

[ x1 :#lmm, x, +0.3mm ]

711

[ % #0.3mm, x, £0.3mm ]

Variables
X1 (mm) X2 (mm)
Length (mm) Pull-out =
Variation & Strength(kN) Level 1 17.8 1.49
+5 28 70.5 Level 2 17.5 1.19
original model 23 70.12 Level 3 17.2 0.89
2 21 69.85

Table 12, Size for each level of Case 4-1.

Variables
X1 (mm) X2 (mm)
Level
Level 1 18 1.39
Level 2 17.5 1.19
Level 3 17 0.99

[ x #0.5mm, x, :£0.2mm ]

Table 13. Full combination analysis of Case 1-1.

Pull-out

no. X1 (mm) X2 (mm) Strength (kN)
1. 18.5 2.29 73.58
2. 185 1.19 72.49
3. 18.5 0.19 62.44
4. 17.5 229

5. 17.5 1.19

6. 175 0.19

7. 16.5 229

8. 16.5 1.19

9. 16.5 0.19

[ u(Average):69.5kN, o(Standard Deviation):6.14kN]

Table 14. Full combination analysis of Case 2-1.

Pull-out
no. X1 (mm) x2 (mm) Sirength (kN)
1. 18.5 1.49 71.048
2. 18.5 1.19 72.485
3. 185 0.89 70.885
4. 17.5 1.49 68.379
5. 17.5 1.19 70.12
6. 175 0.89 68.2
7. 16.5 1.49 67.21
8. 16.5 1.19 69.03
9. 16.5 0.89 66.39

[ u(Average):69.3kN, o(Standard Deviation):1.97kN]
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Table 15, Full combination analysis of Case 3-1. 3. Foolg o) ks x| 2719 X4 AAA W
- 2} IZ=2 = o] 2= 0o A& ANLF
no. x1 (mm) xz (mm) Str:xilglihm&N) o A eAE % 3740 FEOR A 1 8s
1 — — s Aok 1A A A S o] &3 E-ol A= 7t
' . : : (A7 9 BE H9AE o] 9. AA AA J|He
2. 17.8 119 70.942 ] %}\' = aw ]’e i= ] ‘AOH, o‘ 374] ]tlE
4. 175 1.49 69.612 L Eooly Aw Ago] Hyrgk 2 B3 HAeF
5. 17.5 119 70.12 AR e EEPE ASE AR 4-1oith A
6 | ns 089 6.1 A7 g AL FA e x, w7t 27t £0.5mm,
7. 172 149 69047 £0.2mmeo|H, Agol|A AL F-olx Axe Hitgh
8. 17.2 1.19 70.1
3RE AAoke] QA2 339%, 3.7%E =
9. 17.2 0.89 67.88 N
oA P A% FAE A B 2 AR A 0
1(Average):69.52kN, o(Standard Deviation):0.92 =
[ utaverage) ¢ FOS2KN] ke A gAet fakeksh
/6. Full comb | ‘e 4. 2 ATelA Bl B 2RAES 724 5o 4%
Table . Full combination analysis of Case 4-1. _
d 2 A A5 HA W B304 AR F sl
Pull-out - -
il IR Stengih (09 AR FAe e 95 % 2me] A4 AA A A
1 18 1.39 69.326 g3to] AHAUE AAE T 5 S o= o FHL
2. 18 1.19 71.084
3. 18 0.99 71.387
4. 17.5 1.39 68.204
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