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Fatigue Life Analysis of Spot Weldment of Cold Rolled
and High Strength Steel Using FEM

Hyosun Yu*, Sungmo Yang', Heeyong Kang’, Honggun Kim"™, Kyusang Kim"

{ Abstract {

Cold rolled and high strength steel were used for vehicle bodys to satisfy environmental regulation and improve
fuel ratio. This paper presented a method for determining the fatigue life of cold rolled stee! sheet EZNCEN and
high strength steel sheet HS40R spot weldment used in vehicles. We can estimate the fatigue life of the spot weldments
from the MSC/FATIGUE using the finite element method. The maximum load is found in the nugget part of both
surfaces. The cold rolled steel and the high strength steel showed the maximum stress 746MPa and 730MPa in the
effective nugget part when the weld current was 8KA and 7KA, respectively. Also the some weld current of the
cold rolled steel and high strength steel is applied, the fatigue life of high strength steel is obtained about four times

longer than the cold rolled steel.

Key Words : Cold rolled steel (YRH3A7}ah), Fatigue life (4 24), FEM(S-3248l4)), Spot weldment(H-8-3), High
strength steel( 3278, Effective nugget(-8-& 2]
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Fig. 1 Tensile-shear specimen by spot welding

Table 1 The chemical compositions of base metals(wt %)

Steels | C Si {Mn| P S | Ni | Al | Fe
EZNCEN| .12 . A1 4 .14 | .05 . .3 | Bal.
HS40R |.0876/.0065(.7407|.1241{.0036].0091|.3577]| Bal.

Table 2 The mechanical properties of base metals

Material | Tensile Stress| Yield Stress | Elongation
Steels (MPa) (MPa) (%)
EZNCEN 296 169.5 45
HS40R 416.5 286.1 39
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Fig. 2 FE model of tensile-shear specimen

Table 3 Nugget size by spot weldment according to
welding current

Steels Welding | Nugget | Electrode | Welding
current(kA)| size(mm) | force(kg) |time(cycle)

8 4.81 250 15

EZNCEN 9 5.07 250 15
10 5.70 250 15

7 4.94 250 15

HS40R 5.83 250 15
9 6.59 250 15
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Table 4 Flement division for FEM analysis and mechanical

properties
Element| No. of | No. of Young’s Poissons’
model | element node modulus(GPa) | ratio(V)
8node | 41198 | 95395 206 03
hex ele.

Fig. 3 Stress distribution for EZNCEN spot weldment
with welding current 9kA

Stress (MPa)
e

Fig. 4 Stress distribution of inner nugget line for EZNCEN
spot weldment with welding current 9kA
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Fig. 5 Stress distribution for HS40R spot weldment
with welding current 9kA

Fig. 6 Stress distribution of inner nugget line for
HS40R spot weldment with welding current
9kA

Table 5 Maximum stress by spot weldment according
to welding current

Welding | Maximum | Nugget |Distance of
Steels | current stress radius | Max.Stress

(kA) (MPa) (mm) (mm)
8 746 2.405 2.88
EZNCEN 9 715 2.535 3.03
10 597 2.85 3.86
730 2.47 297
HS40R 8 588 2.915 3.92
9 543 3.295 4.27
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Fig. 7 Dynamic load time history

Table 6 Element division for FEM analysis and
mechanical properties

Material Yield strength | Elastic modulus
(MPa) (MPa)
EZNCEN 296 2E5
(FATIGUE ref)) (303) (2ES)
HS40R 4165 2ES
(FATIGUE ref) (445) (2ES5)
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Fig. 8 S-N curve for EZNCEN and HS40R
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Fig. 9 Fatigue analysis life by alternating stress for
EZNCEN spot weldment with welding current
9KA
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Fig, 10 Fatigue analysis life by altemating stress for
HS40R spot weldment with welding current
9kA
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Fig. 11 Analysis fatigue life and experiment fatigue life
for EZNCEN spot weldment with welding
current 9kA
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Fig. 12 Analysis fatigue life and experiment fatigue life
for HS40R spot weldment with welding current
9kA
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Fig. 13 Analysis fatigue life for EZNCEN spot weldment

with welding current 8kA, 9kA, 10kA
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Fig. 14 Analysis fatigue life for HS40R spot weldment
with welding current 7kA, 8kA, 9kA
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