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Numerical Analysis of Stress, Deflection, and Fatigue Life of a PA66/
Glass-Fiber Composite Applied to a Mini-Chain under Reverse-Driving
Conditions with Varying Glass-Fiber Content

Gi-Chan Kim*, Kyu-Cheol Choi*, Yun-Ho Ko**, Jaeho Jung™**"

ABSTRACT: This numerical study evaluated the effect of glass-fiber (GF) content in PA66/GF composites (PA66,
GF15, GF25, GF35, and GF50) on hotspot stress, deflection, and fatigue life of a mini-chain under reverse-driving
conditions. A static finite element model with remote displacement and frictional contact (u = 0.3), combined with a
stress-life assessment based on literature S-N curves (Basquin fit with Goodman correction, R = 0), revealed a trade-
off: increasing GF reduced deflection but increased hotspot stress and maximum contact pressure (interpreted
conservatively as a wear-propensity indicator). GF50 exhibited the lowest life (potentially <10° cycles), whereas GF25
provided the most balanced performance while meeting the 10° cycle durability criterion, with GF15 regarded as a
conservative option showing lower stress/contact responses.
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B.34 mm

30.14 mm

Fig. 1. Representative mini-chain geometry used in the analysis

Fig. 2. Finite element mesh of a single chain link

[5]. S| A of] A}-&3F & &+ FAS Fig. 1o Yretg ¢l

o, A7 oM Al 2y mHd &8 24 @ oH
A AAxAL 2283} 2.3, Fig. 22} Fig. 30 A5kt

2.2 {24 A} 7Y

H oJ3Lof A= ANSYS Mechanical®] Meshing 7]5& ©]
23}o] A mdo] 83 A AANE AYASFFT 3 7
o] BT 1% AT N-F AN WAlSH T &
o QeksiA 22ho}) 19, el o2 Fare)
2 g 5ol et R 2717 A 2R
}o] %) (Adaptive Sizing)S -2} Th E3F FF9]
B o0 By 9 AR 45 5 89 Pt
2 gdEHE= 8 T o= 5 A&
(Local Sizing) 2 &F-& XJQ—OM A& dAs Asy @l
w2 shustgc vl Yae] A%} oA Fig. 20] Lhet
W At

HA]= SOLID187= 2x}(Quadratic) AFHA| QA5 AFE-

S+, Thel A|olo] 4,5917] =9} 2,3897) QA AL-8-5}
Fom, HA] EZ2 ANSYSY] Element Qualitys 7|FO0.2
5102 o) o] HE2 Trejalodch. A 2T A (e
Aol 517))0= 234,1417) =9} 121,8397) QA2 A}élzs—}
Sict. 7t 24 Wstol wreh Az B4 Wke] JPure
FH oz vusty] flsf, U3 HAE BE A= 71101/\
of & 2-833th.

WE o{N
_fu i

>~

W\ | N (e
ol ot

N g olo I

mt
PO
|o

2.3 SN BHZH
E Aol =x] 8|42 ANSYS Mechanical 7|9F A& Lz
3fj A (Static Structural) © 2 =33} T) I415 AL 28

Displacement

| a(EHYE)

Remote Displacement (=0)

300.00 (mm)

75.00 225.00

Fig. 3. Mini-chain assembly model and boundary conditions
under reverse-driving conditions
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Table 1. Linear elastic material properties (Engineering Data)

Density Density Young’s

Material [9-13] (Enginering Data, Modulus
(kg/m?) kg/m?) (MPa)
PA66 1130 6505 3000
PA66 GF15 1230 6605 6000
PA66 GF25 1320 6695 8600
PA66 GF35 1410 6785 11500
PA66 GF50 1560 6935 16800
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Table 2. Basquin fitting coefficients (log,,(c,)=a—blog,,N)

Material a b R?
PA66 2.1086 0.0976 0.771
PA66 GF15 1.9536 0.0777 0.983
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PA66 GF50 1.8674 0.0572 0.989
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Table 3. Ultimate tensile strength (UTS, 6,) used for Goodman
mean stress correction

Material Tensile Ultimate Stress(MPa)
PA66 85
PA66 GF15 120
PA66 GF25 180
PA66 GF35 210
PA66 GF50 240
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Fig. 8. Displacement (deflection) contour under reverse-driving
conditions (PA66 GF50)

Table 5. Directional displacement comparison (mm) at each
point

Point PA66 GF15 GF25 GF35 GF50
PO 0.028 0.021 0.020 0.019 0.018
P1 -2.763 -2.210 -2.043 -1.945 -1.853
P2 -10.088 -8.266 -7.719 -7.400 -7.101
P3 -20.531 | -17.280 | -16.311 | -15.747 | -15.219
P4 -32.896 | -28.505 | -27.205 | -26.450 | -25.743
P5 -46.276 | -41.338 | -39.884 | -39.040 | -38.252
P6 -60.031 | -55.321 | -53.935 | -53.131 | -52.381
p7 -73.819 | -70.132 | -69.042 | -68.410 | -67.819
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Table 6. Summary of minimum fatigue life for different materials

Material Minimum Life Remarks
(cycles)

PA66 >107 Exceeds the evaluation range
PA66 GF15 >107 Exceeds the evaluation range
PA66 GF25 >107 Exceeds the evaluation range
PA66 GF35 5.8581x10° Below the reference criterion
PA66 GF50 4.5212x10* Below the reference criterion
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Fig. 9. Fatigue life contour for PA66-GF35 under zero-based
loading (R = 0) with Goodman correction
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Fig. 10. Fatigue life contour for PA66-GF50 under zero-based
loading(R = 0) with Goodman correction.
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Fig. 11. Maximum contact pressure as a function of GF content

Table 7. Comparison of maximum contact pressure and contact
area for different materials

Material Max Contact Pressure| Contacting Area
(MPa) (mm?)
PA66 32.464 3.2020
PA66 GF15 52.047 3.8108
PA66 GF25 68.903 3.8109
PA66 GF35 87.511 3.8117
PA66 GF50 121.510 3.8115
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