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Abstract

The objective of this research is to study the quality of galvanized steel with stainless steel 304 and
aluminum 5052 by using resistance spot welding. The specimens were prepared according to standard
JIS Z3136-1978 with 1 mm. thick. Two level of compression force 1,500N, 2,000 N, 3 levels of weld
current 7,000 A, 9,000 A, 11,000 A and 4 levels of weld time 9, 11, 13, and 15 cycles were employed by
MINITAB V.16 using full factorial design with a total of 216 pairs. The nugget quality was measure
indicators include: (1) Surface Appearance (2) Nugget Size (3) Mechanical properties and shear strength
of the weld (4) Microstructure at the weld interface (5) Sheet Separation. The results showed that the
specimens of group 1 (Galvanize with galvanize) tear at the heat affect zone. The highest shear strength
was found at compress force 1500 N, weld current 9000 A, and 15 cycles of weld time. Group 2
(Galvanize with stainless) provide the maximum shear strength 1500 N of compress force, weld current
9000 A, and 15 cycles of weld time. The tear position was heat affected zone. Group 3 (Galvanize with
aluminum) showed tear at the weld line. The highest shear strength found at 1500 N of compress force,
weld current 9000 A, and 11 cycles of weld time. Welding of galvanized with aluminum obtained the
lowest shear strength among three groups of study. Furthermore, the results also showed that the high
current and long weld time causes surface burn, micro-cracks, and reduce tensile strength. The larger
sizes of the nugget have better tensile strength than the small nugget. The compression force, weld
current and weld time were co-factors which contribute to shear strength and nugget size at 0.01 level of
statistically significant.

Keywords: Weld quality, Resistance Spot Welding, Nugget size, Galvanized Steel, Aluminium,

Stainless Steel.
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wstriuessnsildlumaidaniuanuudus
mMadansassesidanmanuausadanlud fumsn
wrunadnlus su1snedunsanuEuulsveifadn
mavsuaImNATuIIaaiawlan 98.22% afiarson
fNINNANITILATIZA DOE WUU Analyze Factorial
Design WK I MmN FURHE V0IUT9
naswiw nszua Wi Aldlunsden wazszozam
Tunsidon wuinilassfissnadadussasiion iy

1298390 VILIINATUINN nIzua WA nlTluns
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General Linear Model: Tensile Test versus Pressure, Current, Weld time

Factor Type Levels Values

Pressure fixed 2 1500, 2000
Current fixed 3 7000, 2000, 11000
Weld time fixed 4 9, 11, 13, 15

Analysis of Variance for Tensile Test, using Rdjusted 35 for Tests

Source DF Seqg 35 Rdj 55 Adj MS F B
Fressure 1 192303 192303 192303 1463.03 0.000
Current 2 853925 853925 426963 361.%6 0.000
Weld time 3 2080899 208089% 693633 588.03 0.000
Pressure*Current 2 208328 208328 1041464 88.31 0.000
Pressure*Weld time 3 219571 219571 73180 §2.035 0.000
Current*Weld time & 185834 185834 30872 26.26 0.000
Pressure*Current*Weld time & 893213 898213 149702 126.91 0.000
Error 48 56620 56620 1180

Total 71 4695695

3 = 34.34351 R-3g = 98.7%% R-3gladj) = 98.22%

191 12 HamsAazRaNNLUTUTIU (ANOVA) vasfauls

vl

Aa A ] 2 A oA & @ ¢ A o
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P _ - ¥
mugaw nudnszualWihnlglunnzengedu uon
ANNTEAUVDITEHLLIRIUNITITON WASVDITLAU
N3z WA 2zwudnszurIWAnszual 9,000
wanuds (A) szozanlunsiden 15 58U (Cycle)
' 2 A A A
Ausadaifowadogiga uaznszualWfinszualv
7,000 wanudy szoziianlunai@en 9 sau (Cycle) &

: =2 A 4 9 @ P
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WA uS AURaNNa 1R AY 1na 304 19y
AOURUDIAINAILIIAILAanLaN 9521%
ANMNRNNUT VOILTINATUINY NI AN LT T
WoN karIzuzIanlnITiBen WUt NaINada
A998 0T 998310 UBILTINATUINY
nyzua WA Nl Tl Moy warszuzIa lunsTaw
Ada a ) ”2 A ' Ao o @ aad
nisniwadaaussfafon adslnudmayneadan

J@U .01 ﬁdgﬂﬁ 14

General Linear Model: Tensile Test versus Pressure, Current, Weld time
Factor Type Levels Values
Pressure fixed 2 1500,
Current fixed 7000, 9000, 11000
Weld time fixed 4 9, 11, 13, 15

2000

Enalysis of Variance for Tensile Test, using RAdjusted 33 for Tests
Source DF Seg 5SS Adj S5 Adjy MS F
Pressure 1 13972 13972 13972 .17 0.017
Current 2 2668709 2668709 1334355 589.38 0.000
Weld time 3 229230 229230 76410 33.75 0.000
Preasure*Current 2 109228 109228 54814 24.12 0.000
Pressure*Weld time 3 62403 68403 22801  10.07 0.000
Current+*Weld time [ 115901 115901 19317 £.53 0.000
Preasure*Current*Weld time & 42455 42455 7076 3.13 0.011
Error 48 102872 108872 2284

Total 71 3356571

§ = 47.5815 R-5q = 96.76% R-Sg({adj) = 95.21%

5Uf 14 WamFAATZRANULLTUTIN (ANOVA) Basd1auls

U

Ada a a 2 A oA & o 6 ¢ A o

nfignswadadusaadon nuf 2 wdnnadnludizennu
wiannan lixily 1na 304
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nduf 2 wudnszualwinszualy 9,000 uauuds (A)
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General Linear Model HANIIILATIZAAINY
wUSUTIMVBIRAIEA LT I NS T o NN AN WD I T
NIILADWYDITOULTANLAANUNUART I bE N
0afLflon 1N3A 5052 WNINATUNLANUAKLLITYEY
112980 0 UAHAINNALIIAIE DU GN 97.71%
v o & = o A o
ANMNURNABT VBILTINATUINW NIZUa IWHN LT
A A ' o A
Tun191TeN WazI eI NI TaN Wuqn1adun
FINAADALTINILA0 UL T IITUIINVDILTINATIING
A3 AN AL WA TeN wazTTuzIa AT TaN
ndanTwadadussdadan aglnusamnesian

32U .01 é’agﬂﬁ 16

General Linear Model: Tensile Test versus Pressure, Current, Weld time

Factor Type Levels WValues

Pressure fixed 2 150d0, 2000
Current fixed 3 7000, 9000, 11000
Weld time fixed 4 9, 11, 13, 15

Enalysis of Variance for Tensile Test, using AZdjusted 33 for Tests

Source DF Seqg S5 hdj SS Adj MS F P
Preasure 1 2109116 2109116 2109116 752.67 0.000
Current 2 4685444 4535444 2342722 836.04 0.000
Weld time 3 443053 443053 147684 52.70 0.000
Pressure*furrent 2 519691 519691 259846 92.73 0.000
Pregsure*Weld time 3 128464 1284864 42821 15.28 0.000
Current*Weld time & 135967 135967 22661 £.09 0.000
Pressure*Current*Weld time [ 527768 527768 87961 31.3% 0.000
Error 48 134505 134505 2802

Total 71 8684007

S = 52.9356 R-Sg = 98.45% R-Sgfadj] = 97.71%

Eﬂﬁ 16 NAMTIATIZRANNULLTUTIU (ANOVA) BasdaIuls
daa a ] s A s A = . <
nudnIwadaruIIRIRen NGNN 3 aswmanunwnatn lud

ﬁ'uagjﬁl,ﬁnu \N3@ 5052

Line Plot of Mean( Tensile Test )
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sun 17 LRAINTIINBNTWATINTEIITzaza lun T Tanny
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N3 17 anudunusvesdadulunaises
ngufl 3 wudnazualinszualv 9,000 uaauds (A)
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AT MY 11 8L (Cycle) RALIIRI

ﬂ’lil/?:zf&/??f’m'lﬁf’lﬂd’)u?ﬁ?ﬂ??&!@Wﬁ’mﬂ’)? 1/3e511 w.¢. 2555

17-19 @a1AN 2555 1281 INTTYT

Lﬁaumﬁﬂgaqﬂ waznszualwfinszua'l 7,000

wonud Auszezmlunsiden 15 sau (Cycle) &

ﬁ%mﬁmﬁaum‘é‘lﬂﬁwq@

4.4 HANIIAIITAIWIARNLNA
nasauvmannnameldewlunisnasasanu

NTaNLUUNINGRaY kUU General Full Factorial

Design  Wa2#181LATEAN9RDa wAszngunIs
UGERN
General Linear Model NaNN3ILATIEHAINY

wlsdsusasenasildlunsdeniuwwiaining
yossauidamanurntatnlus sumsnuriuiadn
lus auduudsvesiladoaauanosfi 97.94% il
AINTUAIINNANITILATIEH DOE  WUU Analyze
Factorial Design ﬁmaﬁvl,é]”mﬁtwwﬂmm
ANUFUNUE VoIUTINAT I NTUR NN ALl unns
o uazszuzianlumaiden wuinilesofainada
Y1 annnaLduilas I ILTINAT I N
nyzua Wi dlglunsden uwazszazialumsigan
fifiansnadadusidaion atnsfituadyniiaia f

=AU .01 é’agﬂ‘ﬁ' 18

General Linear Model: Nugget size versus Pressure, Current, Weld time

Factor Type Levels Values

Pressure fixed 2 1500, 2000
Current fixed 3 7000, 9000, 11000
Weld time £ixed 4 8, 11, 13, 15

Enalysis of Variance for Nugget size, using Rdjusted 33 for Tests

Source DF Seq 55 Adj 55 Rdj MS F 3
Pressure 1 0.7917 0.7917 0.7917 46.9%9 0.000
Current 2 19.2563 19.2563 9.6282 571.50 0.000
Weld time 3 36.3555 36.3555 12.1185 719.32 0.000
Pressure*Current 2 0.0175 0.0175 0.0088 0.52 0.597
Pressure*Weld time 3 0.1627 0.1627 0.0542 3.22 0.031
Current*Weld time é 0.5297 0.5297 0.0883 5.24 0.000
Pressure*Current*Weld time & 0.2534 0.2534 0.0422 2.51 0.034
Error 48 0.8087 0.8087 0.0168

Total 71 58.1756

5 = 0.129797 B-53 - 98.61% R-Sg(adj) = 97.94%

Eﬂﬁ 18 HAMTAATIZRANNLLTUTIU (ANOVA) Basd1aauls
nfignswadevwaining nguf 1 maniadnlus wenny

wiannatln lud
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Probability Plot of Nugget size
Normal - 95% CI
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Probability Plot of Nugget size
Normal - 95% CI
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gﬁﬁ 19 HANNTNAFOLNSHINLAIUNAVBINTNAFBLANLTIA
A oA A < . e & o = .
wanngui 1 waumanweunadn g Aumanueunain
1w @1 P-Value = 0.190

naMTItezRananlssinaasan1izilele
MR UTWIATNNG ﬂ&juﬁ 2 anurwilsd
Hasumauanash 97.76% 11oWa13AIIINHANTS
31A372% DOE wuy Analyze Factorial Design ﬁnwaﬁl
I NIRUANIRIAN T WIS VDIUTINATUIN
nyzug Wi fildlunmsden warszoziialumsdoy
wuintlasefdinadaswasninaduiasusinvas
w39nas % nszualWiafldlunisidon uas

a Aaa a ] & A
i:ﬂznmluﬂ’ﬁmau NUDNITNRADATLLIIAI LD

'
A

awiltipdaan9ata Nazay .01 a9z 20

General Linear Model: Nugget size versus Pressure, Current, Weld time

Factor Type Levela Values

Pressure fixed 2 1500, 2000
Current fixed 3 7000, 300d, 11000
Weld time fixed 4 9, 11, 13, 15

Analysis of Variance for Nugget size, using Rdjusted 55 for Tests

Source DF Seq S5 Rdj 55 Rdj MS F ]
Pressure 1 0.2167 0.21&7 0.2167 12.78 0.001
Current 2 12.92%8 12.9292  6.464% 381.32 0.000
Weld time 3 36.9826 36.9826 12.3275 727.11 0.000
Fressure*Current 2 0.9660 0.9660 0.4830 28.4% 0.000
Pressure*Weld time 3 0.1769 0.1769 0.05%0 3.48 0.023
Current*Weld time € 0.8071 0.8071 0.134% 7.3 0.000
Fressure*Current*Weld time [ 0.9438 0.9436 0.1583 9.33 0.000
Error 48 0.8138 0.8138 0.0170

Total 71 53.8425

5 = 0.130208 R-5g = 98.4%% R-Sg(adj) = 97.7&%

31]“?1 20 NAMTIATIERANULLTLTIN (ANOVA) vasdduLls
daa a ' o oA & o 6 ¢ A o
nianswasdarwIauning ngui 2 wmannadnlud weannu

wianna ¥ziluina 304

Eﬂﬁ 21 HAMINARALNILANLIIUNFVBINITNARELAIUTIA
A oA A = . e & o < v Ne A
Wwanngui 2 wanwanuuunad lug dumanndxdily

N6 304 f1 P-Value = 0.104
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