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Analysis of the laser welding parameters of stainless steel foil by statistical
response surface methodology for joining PEMFC bipolar plates
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In the present study, the effect of parameters of autogenous pulsed Nd: YAG laser welding process on
Received 13 January 2018 the lap joint of a 316L stainless steel foil with a thickness of 100 pm to be used as bipolar plates of

Accepted 17 February 2018

; ) d olymeric fuel cell was investigated. For this purpose, the statistical tools, the analysis of variance and
Available Online 12 April 2018 polyr g purp Vs

the various diagrams were used to analyze the data by response surface methodology. The peak power

ra— (130 to 650 W), pulse durability (1.5 to 3.5 ms), and welding frequency (14 to 18 Hz) were considered
Pulsed laser welding as input parameters. The mentioned statistical method was able to predict the effect of welding
Response surface methodology parameters by developing second-order polynomials, so that the total error including the repeatability
;ll;eld det'eﬂ:h error and the lack of fit error for shear strength model, weld undercut model, and weld underfill model
Shear streng

obtained 2, 8 and 3, respectively. The defects of weld undercut and lack of penetration were identified
as most important factors affecting the shear strength. The laser power is as the main parameter in this
process and the impact of it on the shear strength of the weld, the weld undercut and the weld underfill
is calculated 64, 62 and 66%, respectively. Finally, the maximum shear strength with the value of 522
MPa is achieved at a peak power of 260 W, pulsed duration of 3 ms and welding frequency of 17 Hz. In
this case, the weld undercut is determined as 3 micrometers.

PEMEFC bipolar plates
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Fig 1 Schematic representation of a monocell in a PEMFC with
metallic bipolar plates and its joining position
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Clamping plate

Fig. 2 a- Designed fixture, b- actual image and schematic images of
laser welding process, c- image of the part of produced weld line
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Table 2 Process variables and experimental design levels used
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Table 1 All the conditions and limits for the settings being used.
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Fig. 3 a- simple demonsiration of the pulse welding parameters, b-
displaying an increase in the frequency in the constant pulse duration,
and c- displaying the increase in the durability of the pulse at constant
frequency
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Table 3 the design matrix used to models of the weld defects and weld shear strength and the experimental measured responses
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F/w 505.3 59 8.1 200 55.2 4.6 1.0 16 Z5 390 1
F'w 450.0 11.0 11.5 200 572 7.6 91.6 16 2.5 650 2
FIw 470.7 4.0 11.8 200 614 78 81,6 1 3.0 520 3
F'w 497 4 0.5 12.0 200 62.5 6.4 14 16 35 390 4
F/'w 4739 10.0 8.5 200 57.8 o5 2 A1.0 17 2.0 520 5
F/'w 506.3 5.8 8.0 200 55.1 4.6 A0 16 Z5 390 6
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F/B 522.2 0.0 32 200 60.0 39 0.8 17 3.0 260 20

" F/W(F/B)=adjacent to the fusion line and weld metal (fusion line and base metal) , R=weld root
©, 4 and ° Represent the same values of pulsed energy or heat input, which their response values are different.
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Table 4 the ANOVA results for the shear strength model

& olins P- F- AdiMS AdjSS DF Lk
+ 0.00 4397 69215 646698 9 Joa
- 0.354 0.94 14.84 1484 1 if
+ 0.00 53.12 836.22 836.22 1 Ip
+ 0.00 11765 18522 185223 | P
= 0.845 0.04 0.64 0.64 1 15
. 0.00 4979 78378 78378 1 IpxIp
+ 0.00 14721 231755 231755 1 Pxp
- 0.893 0.02 03 0.3 1 fxTp
+ 0.028 6.64 10447 10447 1 [fxP
+ 0.00 35.38 556.95 556.95 1 TpxP

1574 15743 10 las

+ 0.00 2428 3024 15120 5 puc
1.25 6.23 5 LAl
662441 19 goeme

95.32%)-adj(R? 3 97.54%-R*
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Table 5 the ANOVA results for the weld undercut model

gfokaa  P- F- AdjMS AdjSS DF Lk
. 000 1195 26778 240999 9 Jba
. 0.05 494 11056 11056 1 !
N 0.00 2630 58906 58906 | Tp
. 000 6892 154381 154381 1 P
- 0739 012 0263 0263 1 fxf
. 0115 297 6663 6663 1 IpxIp
. 0.05 442 9893 9893 1 PxP
= 069 016 0361 0361 1 fxIp
- 0945 001 001l 0011 1 fxP
. 033 103 2311 2311 1 TpxP
224 22401 1 e
+ 000 14923 4477 2238 5 pae
0.003 0015 5 _as
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Fig. 4 the residual plots for the models of a- the weld shear strength,
b- the weld undercut, and c- the weld underfill.
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Fig. 5 Surface plots of the models of a- the weld underfill, b- weld undercut and c- the shear strength, respectively, peak power-pulse durability and

peak power-frequency
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shown in Fig. 5 (welding conditions of the point I equal to 7p=2ms and P=260W, the point II equal to Tp=2ms and P=520W, the point III equal to
Tp=3ms and P=520W and the point IV equal to 7p=3ms and P=260W).
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