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Shape Optimization of Cable Chain to Minimize Assembly Stress and
Maintained Retention Force under Tensile Loading
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Cable chains are essential in the semiconductor industry for preventing the twisting or sagging of moving cables. They can
be broadly categorized into two types based on their fastening methods, with rivet-based assembly being the most
common. An alternative method utilizes integral locking features without rivets, which simplifies manufacturing and reduces
production costs. However, integral cable chains are more susceptible to breakage during assembly, limiting their use in
various industrial environments.This study introduces a structural design approach aimed at minimizing localized stress
during assembly while ensuring the cable chain meets the required retention force. Design variables were selected from the
modifiable features of the integral cable chain. Through sensitivity analysis, we identified key variables that significantly
influence the retention force, which allowed us to reduce the number of design iterations. By employing finite element
analysis and response surface methodology, we derived an optimal shape that achieved the target pull-out force and
resulted in a 9.7% reduction in assembly stress compared to the original design.
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Fig. 1 FEA modeling and meshing

shso] MPAIR FRsAo] glom, ofelgh BAR AlZE AR
A AS D el71X] R §ARS H1G F7IR olold S
oleh. webd A2 F fAe Bk st A% AES
olgtel shuel W 29 SAL FAlo] LT A7 Aol
2 a5t}

et Aol ARl AA 7k AR S ol
HA L e Sl wefste] FS R
ek olel & R ARdold S U

v,
1A Aole Ao Ad-E2 HHe HAY A
(Nonlinear Finite Element Analysis)©.2 &3} th3 02
WIZFE B (Sensitivity Analysis)O.2 Z} Haro] JF=S AoF
SO S VAR oISt AR A e e
Ao, 2 S7HeE Fasjet ojde V&

322 A “J S 54 e EEe

2. 701 M2 HE Z=MA o=

2.1 FeIQAGHAM (Finite Element Analysis, FEA)

s mEe fn 171101‘:' EZE(Pod) 7ol = A8 4AF
AlolE A¢lE thor 5313t o714 eet TR WA
WAAE & 295 F0A 24 oS Adshr] Hﬁkﬂ 7
olE Aol HE uEsh= AAE ouisht. mElzge 334
CAD Z 2139l CATIA V5& o|83}o] Fig. 13} 7Po] 123}
qAr}. mulo] BAws Folw o}w A7k sl gle) 5
Bgel P2 % ) v TESGM, S Ane] FFS

&
1 %e)
—

A e

z

Fig. 2 FEA contact and boundary conditions

Table 1 Structure properties

Plastic, PA6

Properties (30-35% glass fiber)
Density [kg/m?] 1,350
Young’s modulus [MPa] 5,469
Poisson’s ratio [-] 0.35
Yield tensile strength [MPa] 141.4
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Fig. 3 (a) Assembly process of cable chain and (b) Unclipping
processes of cable chain
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Fig. 4 (a) Maximum equivalent stress over time during assembly process

and (b) Reaction force over time during the detachment (pull off)
process
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Fig. 5 Equivalent stress distribution at the moment of maximum
stress during assembly process
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Fig. 7 Tensile test result: load—displacement curve of the cable chain
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Table 2 Parameters — cable chain

Interlocking gap [mm]

Length [mm] L
D§s1gn Fillet radius [mm]
variables
Outer width [mm] W1
Inner width [mm] w2
Objective . . . _
function Maximum equivalent stress Min. F(X) = Opax
Constraint Minimum pull off force 280 N <Fpo
H[mm] 0.1<H<03
L[mm] 10<L<
Design
variables R{mm] =05
W1[mm] 14
W2[mm] 1.8< <2.0
r =Y L
V4

Fig. 8 Geometric model with defined parameters
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Table 3 Design of experiment (DOE)

Design variable =H L R W1 W2 ﬁ?fitelztn Constraint
No. H L R WI W2 Gmax Fro
[mm] [mm] [mm] [mm] [mm] [MPa] [N]
1 0.1 10 14 1.8 0.1 130.8 454.1
2 0.1 10 14 18 03 124.0 369.2
3 0.1 12 14 1.8 0.1 120.2 453.5
4 0.1 12 14 18 03 121.2 370.7
5 0.5 10 14 18 0.1 137.0 452.5
6 0.5 10 14 18 03 131.7 369.1
7 0.5 12 14 1.8 0.1 122.7 452.7
8 0.5 12 14 18 03 126.6 369.7
9 0.1 10 1.6 18 0.1 127.0 468.7
10 0.1 10 1.6 18 03 119.3 437.6
11 0.1 12 1.6 1.8 0.1 126.5 403.5
12 0.1 12 1.6 18 03 118.5 408.3
1305 10 1.6 1.8 0.1 1333 481.1
14 05 10 1.6 18 03 133.6 442 8
15 05 12 1.6 1.8 0.1 119.5 422.4
16 05 12 1.6 18 03 117.6 420.5
17 0.1 10 14 2 0.1 121.9 278.1
18 0.1 10 1.4 2 0.3 130.8 326.0
19 0.1 12 1.4 2 0.1 121.2 211.8
20 0.1 12 1.4 2 0.3 119.4 285.8
21 0.5 10 14 2 0.1 132.9 281.1
22 05 10 1.4 2 0.3 117.1 335.1
23 0.5 12 14 2 0.1 115.6 2159
24 0.5 12 1.4 2 0.3 116.6 300.7
25 0.1 10 1.6 2 0.1 1352 224.9
26 0.1 10 1.6 2 0.3 123.0 195.7
27 0.1 12 1.6 2 0.1 121.7 166.1
28 0.1 12 1.6 2 0.3 119.9 145.9
29 05 10 1.6 2 0.1 126.4 235.5
30 05 10 1.6 2 0.3 118.9 214.2
31 0.5 12 1.6 2 0.1 116.2 172.2
32 05 12 1.6 2 0.3 120.3 156.5
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Fig. 9 Sensitivity analysis - pareto chart for object function
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Fig. 10 Sensitivity analysis - pareto chart for constraint
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D Region Satisfying the Constraint
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Fig. 11 Region satistying the constraint
Table 4 Parameters — region satisfying the constraint
H [mm)] 0.18<H<0.30
Design L [mm)] 10.L0<L<11.0
variables W1 [mm] 1.40<W1<146
W2 [mm)] 1.80<W2<1.98
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Table 5 Comparison of simulation and RSM

Design variable=H L R W1 W2 Object function

No. H L W1 w2 Oimax
[mm)] [mm)] [mm] [mm] [MPa]

1 11 1.4 0.18 1.8 1225
2 10 1.46 0.18 1.8 123.8
3 10 1.4 0.3 1.8 120.8
4 11 1.46 0.3 1.8 119.6
5 10 1.4 0.18 1.98 119.5
6 11 1.46 0.18 1.98 116.3
7 11 1.4 0.3 1.98 118.3
8 10 1.46 0.3 1.98 117.0
9 10.5 1.43 0.24 1.89 116.7
10 10.5 1.43 0.24 1.89 116.7
11 10 1.4 0.18 1.8 121.1
12 11 1.46 0.18 1.8 117.7
13 11 1.4 0.3 1.8 118.5
14 10 1.46 0.3 1.8 121.7
15 11 1.4 0.18 1.98 118.9
16 10 1.46 0.18 1.98 121.0
17 10 1.4 0.3 1.98 117.8
18 11 1.46 0.3 1.98 115.7
19 10.5 1.43 0.24 1.89 116.7
20 10.5 1.43 0.24 1.89 116.7
21 10 1.43 0.24 1.89 121.6
22 11 1.43 0.24 1.89 118.9
23 10.5 1.4 0.24 1.89 119.7
24 10.5 1.46 0.24 1.89 117.2
25 10.5 1.43 0.18 1.89 117.9
26 10.5 1.43 0.3 1.89 1194
27 10.5 1.43 0.24 1.8 118.7
28 10.5 1.43 0.24 1.98 117.2
29 10.5 1.43 0.24 1.89 116.7
30 10.5 1.43 0.24 1.89 116.7
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Table 6 Optimized design variables
Design H L Wi w2
variable [mm] [mm] [mm] [mm]
Value 0.29 10.7 1.47 1.98
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Fig. 13 (a) Maximum equivalent stress over time during the assembly
process and (b) Reaction force over time during the detachment
(pull-oft) process
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Fig. 14 Comparison of assembly responses between initial and
optimized cable chains

Table 7 comparison between initial and optimized cable chain

Equivalent stress  Pull off force Improvement

[MPa] [N] rate [%]
Initial chain 125.0 344.0 -
Optimized chain 112.9 319.7 9.7
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