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Auto Alliance (THAILAND) Co., Ltd, where I work as asistane engineer in the
company. I work at the Body Shop Department is a division working on vehicle body. With this
project shall be presented to the DOE in connection point to determine key parameters that
influence the spatter in conjunction and conducted statistical analysis to identify the parameters
that affect the variance process

Design of experiments (DOE) is a scientific method for identifying the critical
parameters associated with a process and thereby determining the optimal settings for these
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Project Background <===5=

Design of experiments (DOE) is a scientific method for
identifying the critical parameters associated with a process and
thereby determining the optimal settings for these process
parameters for enhanced performance and capability.

It is a powerful technique employed in the improvement phase
of the Six Sigma methodology as a means to improve process yield,
stability, customer satisfaction and reduce process variability which
results in high scrap, rework and warranty costs.

This project presents the application of DOE to a spot welding
process in order to discover the key process parameters, which
influence the spatter of welded joints. Statistical analysis was carried
out to identify the process parameters, which affect the variability of
spatter.
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Alliance

Case study =

Spot welding is the most commonly used form of resistance
welding. The metal to be joined is placed between two electrodes,
then pressure applied and current turned on.

Then the electrodes pass an electric current through the work
pieces. As the welding current is passed through the material via the
electrodes, heat is generated, mainly in the material at the interface
between the sheets. As time progresses, the heating effect creates
a molten pool at the joint interface, which is contained by the
pressure at the electrode tip.

The duration of current flow in the joint is determined by the
thickness and type of the material. Once the welding current is
switched off, the molten pool cools under the continued pressure of
the electrodes to produce a weld nugget. The weld nugget is formed
internally with relation to the surface of the base metal.
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The heat generated depends on the electrical resistance and
thermal conductivity of the metal, and the time that the current is
applied. The electrodes are held under a controlled pressure or
force during the welding process. The amount of pressure affects
the resistance across the interfaces between the work pieces and
the electrodes. If the applied pressure is too low, weld splash

There are three stages to the welding cycle; squeeze time,
weld time and hold time. The squeeze time is the time when the
pressure is applied until the current is turned on. The weld time is
the duration of the current flow. If the weld current is high, it might
again lead to weld splash. The hold time is the time of holding the
metal together after the current is stopped.

Auto
Alliance

purpose of experiment <===E5=

To understand the process, especially the operating range of
important process parameters (current and pressure) and their
impact on the spatter of the weld.

The purpose of a designed experiment is not just to obtain
good results rather to understand the worst and best operating
conditions so that small sequential experiments can be conducted to
gain more process knowledge.
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objectives of experiment ====T=

(1) to identify the key welding process parameters which
influence the spatter of the weld;

(2) to identify the key welding process parameters, which
influence variability in spatter; and

(3) to determine the optimal settings of the welding process
parameters, which can reduce spatter

Auto
Alliance

3-level full factorial design <=====c==

The spot welding process in this study is primarily used for
joining sheet metal parts of up to 4 sheets.

example 0.8+1.2+1.2+0.8 plating steel sheet

The spot weld tip diameters range from 6 to 8 mm. The
material used for this study was plating carbon steel sheet.

Table | presents the list of process parameters along with their
levels used for the experiment. As part of the initial investigation, it
was decided to study the process parameters at 3-levels.

Count number of spatter take place per 100 spots

Spatter < 1 m no spatter

Spatter > 1 m have spatter
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Process parameter Label | Units | Low level | Mid level | High level
Welding current A kA -1 0 +1
Electrode force B kN -1 0 +1

Table | List of process parameters used for the experiment

A'IllE'Itr'I:l e
design matrix &=
Run Factor

A B A B
1 -1 -1 75 2.0
5 1 0 75 2.5
3 -1 +1 7.5 3.0
4 0 -1 8.5 2.0
5 0 8.5 2.5
6 +1 8.5 3.0
7 +1 -1 9.5 2.0
8 +1 0 9.5 2.5
9 +1 +1 9.5 3.0
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P Y e ) MAZDA
Run| A | B Y1 Y2 Y3 Mean
1 1-1]-1 33 30 36 33
2 |-1]0 15 16 12 14
3 [ -1+ 35 37 43 38
4 | 0| -1 48 46 50 48
5 |10]|0 31 22 27 27
6 | 0|+1 56 55 62 58
7 | +1] 1 64 69 69 67
8 |+1] 0 52 55 49 52
9 | +1 |+ 89 78 86 84

Table Il Results of the experiment

——2.0kN

—a— 2.5 kN

_ 3.0kN|
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Process parameter Label | Units | Low level | High level
Welding current A kA -1 0
Electrode force B kN -1 0

Table | List of process parameters used for the experiment

Aﬂytu
: : iance
deS|gn matrix
Run Factor
A B A B

1 -1 -1 7.5 2.0

2 0 -1 9.5 2.0

3 -1 7.5 2.5

4 0 0 9.5 2.5
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A B Y1 Y2 Y3
-1 -1 33 30 36
0 -1 48 46 50
-1 0 15 15 12
0 0 31 27 22

NP IR P
=]

Table Il Results of the experiment
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Residual Plots for spatter
Normal Probability Plot of the Residuals Residuals Yersus the Fitted Values
¥ 2
90 1 . -
£ -/ .
H . 5
10 -1 4 .
1 2 L
-2 -1 (] 1 2 10 20 E] - 50
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Pressure Main Effects Plot (data means) for spatter
has a A [
greater 40+
effect than
current =
Spatter £
increases g
as current %
increase. §
254
20 4
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Autno
Term Coef Alliance
Constant 26.6667 i 2 R
A 12.3333
B -21.3333
A*B -2.66667
Coded Factors [Interaction Response
A B AB Y
-1 -1 1 48
1 -1 -1 96
-1 1 -1 72
1 1 1 36
Yave at FACTORy,qp 66 54 42 Grand Mean 63
Yave at FACTOR,,,, 60 72 84
Effect 6 -18 -42
Coefficient 3 -9 -21

the prediction equation is:

Y =63+34—9B—214B
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3.4.1 Portable spot welding

3.4.1.1 Equipment of Portable spot welding
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51/ 3.2 gainsaiinTeaFon Spot Welding

1.Power Controller
Y A o A @ T A A 1 9
wihfimstiauae ON/OFF us i Trvh 91nisrastie tiwefez 91819 Transformer
7 9 Y Y
gilnsainsamedlug power controller U5z NoUAIY
a. Circuit Breaker
b. Power SCR

c. Timer Unit

3 n 3.3 Power controller
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2.Kick less Cable
HUINNTRIIUVD Kick less cable Aptiudningzua lu#fon Transformer 1189 Arm Gun
Kick less cable N4 PSW 11217114 150 mm (Diameter) UANWEN 2.4 m

Kick less cable 11411 Robot 112 11/3v11a 200 mm (Diameter) UAMWL1D 2.4 m

%)

g‘ljﬁ 3.4 Kick less Cable

Kick less cable Tunitaidu szfivanowa i 1rinszuanadauoniazdsay aglududonnu
Tae'luiAan13 Short circuit mmqﬁgﬂwﬁuﬁyﬁgmwh NAUAI(Cu) shnszua i 185n i
3.Auxiliary Cable

W fim3thanues Auxiliary Cable Aofudninszua 1Wih#ile lunisiwey Taesy

aszualWihon Kick less cable 11&ad 11 Rod Y99 Gun spot

gﬂ‘ﬁ 3.5 Auxiliary Cable

Auxiliary Cable 711970 PSW 172116717 180 x 0.6 m 1Az 180 x 0.8 m

4 Balancer
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3 1/# 3.6 Balancer

5. Transformer
{ o [ o < o t;
ninmMsiauae ulsausagu il (Voltage) mmmauqﬂﬁﬁﬂummum (400 Volt aa1¥a®
3 < A 2
U5z 21 Volt) tazuilasnszua I (Current) %1ﬂﬂi$uﬁ@lﬂﬁlﬂuﬂi$uﬁq3 (600A 1Y

/52318 10 KA)
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v Y
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6. C —Gun

1)Arm Gun
2)Switch start
3)Turnbuckle
4)Kick less Adaptor

5)Stopper

8)Straight Shank @ Rod
9) Straight Shank é1U Arm
10)Holder] 914 Arm

11) Holder2 @11 Arm

12)Cylinder

31580 Switch Gun
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o Y 9
NUUHUUIN Transformer

- Switch Gun N¢1e I 1Fududneiio Sen Switchl
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7.Start Switch
WiNNM399UY3 Start Switch A 3D TWlau91N9ATN 1(Timer unit) 1191815907 3 10 19 Gun

o ! 9 = A 9 o
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311 3.13 2995 Start Switch

8.Safety Switch

MAM3R19IUV04 Switch safety fin ON 130 OFF N15111941UY04 Start switch

gﬂﬁ 3.14 Safety Switch

Safety switch ON ¥11904 nAjudLAIAY 1A21IAINA Start switch 11 Spot 9zd0 ik
Safety switch OFF 1131804 natjudu12a4 1182120 1na Start switch 11U Spot 9gde91191u
9.Arm Gun

ehfimsThauues Am fie wnszua i 191un1s Spot 910 Kick less cable lilfitlanevas
7 Tip @Y Arm

10.Hanger

R340 hanger 019 Tums ML Spot f) Balancer o3 minuazinao L
11.Kick less Adapter

{ o . [~ 1 o . @
MINM311197U904 Kick less Adapter Avidutose 1%L Kick less cable iU Arm Gun

12.Piton rod
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wmmihidugadeveninldlumisszuneanuiouneudnszuuazesnsz vy

Y
19.2eiudn
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k4
[

o 9 A o L. Y v J g Ag ad a
MHAUINTUUIUI91N Coolant DlstrlbutorLLﬂ'Ji]'IFJL"IJ1Ml°1_IGlUi$U’]J mﬂmmmgﬂuﬁwr’fmmu
Y

20.21911900

o Y Ao g‘ £ g’ dﬁld = Y = A g’ A A . g’
MUINTVIINNNTZUY Feaerhweniiduduas WM INNE 181113905 Modify a1e1i
A I A A
nzluamana
21.pressure Gauge

o { @ o { ] o o
Amihimilu Gauge Saussavauiozn T ldamlunszuenguasifu Spot inteiaus e
I
11l Kg.f/cm2
22.Solenoid Valve

o Y A 9 ' & ] . A
MuihnneauazlaesaueenannIzuenguUeIilu Spot %9 Spec Y94 Solenoid valve AD
5/24 Volt DC Set 428 11(#1 Reset A28 Spring 11300y
23.Contact bar

o Y A J 1 ' @ _

1/]11/71!11/]&1]1&@@1@@5314’31\‘1 Transformer N1 Kick less cable

24 Turn bucker

o 4 I~ 1 1 e [
%1ﬂﬁ1ﬁlﬂu1}ﬂﬁ@i$ﬂ’31ﬂ Auxiliary cable N1 Gun spot

o o A A
3.4.1.2 KanNITNNINIUVUOUAIDUBON Welding machine
Spot welding Avazls
. I A . X & ' =& A o
Spot welding 1 UNITFD ULV Resistance welding mgﬂuﬂquwuwawmummﬁm Tagn3in
9! =2 a o o ¥ A a 4 ) '
M Tangdaaan U NaI11ANN3 01(Heat) NNATY 1AANVAIUNIY (Resistance) T2H N4
Y v
WINFUAA A1 Resistivity Y0951 (Work pieces) LIa¥A1 Resistivity U4 Electrode Tip 7l
aszua Wih (Blectric Current) Tiaru Tagefensana (Pressure)
. . I~ = A Aq Yo 1 Y 4
Resistance welding 1uina Tu Taamsisoun lsnueg1sninynelugaanring susnoua
A A v o s A . £ = =
HAZINBY 90% VO TUITOUAINIT08UA 1T UIMUTOUILUY Spot welding FI01992UNINDY 4,000

A : £ o
YAULFDNADIDUUIAY

'
A o

Sl 4 . & 4 @ . v @ ¢
ALIUNTIFONILUD Spot welding T TlumsFouidAnIINE M UINUN AI09T0EUA
(Body)
AAAVTAAUVDI Spot welding
Y A Y = a a A =
Llsnarlumsiweuios uazilsc@nsainaursoua
g’ o 9 1 a A A 1 q'a d‘
2 hminaunsaniuau 1d mae hilims@u Tane niedersasluvag iinansison
A Ay yA a ] a ] A a 1 ¥ v
3. 591NN IANURIADUT A8 TS TA9enI 0 1ARAD U190
4 2 4 iy 1 .
annauansodon lamszdumasend ludesnis skill wn

s.gUnsainly A ldneneudiags
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g‘lj‘ﬁ 3.16 1993 Ivlth Welding Machine

NSNINUVDI PSW

' ' ' Y
5UALINNA Switch Gun 19 -0 91ng9@h 1 9219181 9aM 3 TUMNIBAINAN Timer unit 92

a

N191UAY Schedulel

Timer unit %zﬁ'@mﬂﬁ Power SCR i]'w‘l“l/ﬂﬁ}ﬁu transformer 481 Timer unit ihfjul‘vﬂﬁ} Solenoid

valve

3.4.1.3 YUIUM3IoN Welding process

(Start SW) ON T I50 :Initial squaeze Time
OFF T ; 50} rSquaszs Time
i . LIS Up shope Time
A : : 1 WT1 :weld Time #1
Sclencd Vahe | . i 1 : CT w000l Tirme
Yy i : : WTZ sweld Time #2
iy 4 & ! £ i ! : HT :Held Time
Wheld Curment ¥ ] ] 1 1 1 OT 1 Off Time:
—r 8 A 1 : '
a2 . :
Weld Complets ' . h ' ! )
1 [ | u 1 1
Al | ENESRET ™Y L
A - Ll T
1 1 ! L i 1
I

g‘ljﬁ 3.17 Welding process
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1.Pilot input ON valve Output 1313 ON
A Y o A . . < 1 3 é’ (K 1

2.Weld current 92131 ON ldn@991n1 Pilot input ON il unatemuuua lnuiudusgiua
1SQ,SQ

Q1 g ' o A . = A '
1SQ : 1lumn 14 lun15112981 HA9910% Pilot input ON IUDINITEUAILITUY 0 Y

I 1 A 1
3.UP: 11lun Slope Tumsisuilasenseud

< ' ~Aq Y 1 [ :;’ J ' z 9 Lg T
4. WTI: Llluﬂ'lL'Jﬁ11/]G]f’]561uﬂ1iﬂﬁ®ﬂﬂi$LLﬁ F’Nuuﬂi31&’515]31]@@EJEJTJH11!L‘VHUI§1!H§]®QEUHQEJﬂUﬂ'l

Ed
=

i
I 1A 1 o 1 A =
5.CT: iumnngalasenssuadivae lumsildesnszuanaugnmnil
I 1 1 1
6.WT2: iuamain1¥lunsiaesnszue
I A ] Y @ A ' =
7.HT: iflusviiaanal 13 ndeenil Weld current ngailaoonszud aude Valve Output Off
¢ 1 Aa & { o s 4
8.0T: 1ilunminnduTuvyuzi Valve Output OFF deyaiias Weld Complete N92153 ON
4 o % 4 k- < [ <3
9.11109U Sequence M3 lUnitsgnAAY Pilot Input 192 OFF W301R 1 Weld Complete Noz

OFF

A a dA 4 o ! o 4
ieNAA NG Solenoid Valve azih1amunazaziteay lifanszuongu Inszuongu
A A 1 [ ] 1 =& 3/’ 1 a 4 o A A [
inaeuionn uanszuaazda lignildesswiainwa naaIndaunsznslusuldesnszud vz
=~ ' X PRy ' o ' ~ '
138N Squeeze time (A-B) Haznanuilassnssuasunsziangail daosnszuisondi weld
Y
Timel (B-C) nsdaeenseuaueslu Spot IMTRAGE Loop D Weld Time 1 8 Weld Time 2 uag
NNYN13dosnszia Weld Timel tag Weld Time2 a3z Umangailasens suasivale (50071
. a 1 . 4 U 3 1

Cool Time (C-D) udu5u1lanenszia Weld Time2 (D-E) tilodasensuuaiasodinziinn Hold
Time (E-F) tiie I lvhilungailaeonszuamseusoeian Solenoid Valve 39921igaR1au tay
d‘ d! o A A 9 o 1] dg’ LY 1 .
(1®IVHHI Loop NIN191U VU Spot 3TUAUNTNNIY Loop 113 3UUBEN LA Off Time (F-

G)
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3.4.2.1 Under standing Welding condition

A15199 3.1 SEQUENCE PROGRAM PARAMETERS

SEQUENCE PROGRAM

YO

PRE-SQUEEZE TIME

S 1 Aqu . o a
WuamnlFlumsniiegal ¥a991na Pilot input ON

=2 a 1
MNINTTUAS U a0y

Y1 | SQUEEZE TIME Wy 1$lums niiana1 1§90 Pilot input ON
=< Q‘ ]

MnTUAT N a0

Y3 UP SLOPE TIME Wua Slope Tumaisuilaesnszia
< 1 ~ Y 1 o 0’/’ [

Y4 | #1 WELD TIME Wuamanlglunisilasenszug aaiunszuazilase
e lstiude siue gl

Y5 | #1 WELD CURRENT wluainszua

Y6 | #1WELD CURRENT(VC)

Y8 | COOL TIME Wumivgalaesnszuadvas lumsilasenszuagn

A4

AAUNTI

Y9 | #2WELD TIME Wuamanlslumsildesnszue

Y10 | #2WELD CURRENT dlumnseua

Y11 | #2WELD CURRENT(VC)

Y12 | HOLD TIME Wuinitanan 13 was9ni Weld current 1igailded
ALULE IUDY Valve Output Off

Y14 | OFF TIME Wuminaiuluvagii Valve Output OFF Fayaal
Weld Complete 92151 ON
I 1 o £ A [

Y15 | PULSATION 1ua Repeat N3 lunitiagnaay Tagaznaumn
(5uAUNA Cool Time

Y20 | TURN RATIO 1ilusas 1 IuVe e Transformer

Y21 | VALVE/STEPPER SELECT | tiluaimuanisld Solenoid valve

Y26 WELD PRESSURE Lﬂuﬂ'1ﬁ11’iuﬂ Pressure




A1519% 3.2 COMMON PROGRAM PARAMETERS
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COMMON PROGRAM
& 1 Ao gy i s MY A
Y2 | LOW CURRENT Wumnga 131 nszuaieenmnannsad Iailun
wosidud
& 1 Ao gy ~ ¥y A
Y3 | HIGH CURRENT iWumnaa 1911 nszuafosnmaunsoglaiiu
nosidud
Y10 | CURRENT CONT.METHOD
Y11 | REPEAT 1314A1 Repeat Weld Squeeze
Y12 | STEPPER W Function stepper
< 1 < " vYq 9
Y13 | PRESSURE CONTROL 1uAIMTATIFA Pressure Y01 PSW( 13 1@ 14a11)
Y15 | PULSE PILOT
Y16 | FAULT RESET BY PILOT | 13141 Reset Fault #1419 11159 Reset 161
Y17 | REWELD

@1519% 3.3 COMMON MONITOR PARAMETERS

COMMON MONITOR

Y71 | SCHEDULE No. Humfiuaaad Schedule 1 ON diga

Y72 | FAULT CODE Slumiuaauia Error ozls

Y79 | #1SECONDARY Sumiiveni nszuaiioemils
CURRENT(KA)

Y80 | #1LINE VOLTAGE(%) fumfiven Voltage 90n11115(%)

Y85 | #2SECONDARY Slumiiveni nszuaiioemmils
CURRENT(KA)

Y86 | #2LINE VOLTAGE(%) fusituenda Voliage eansi’ls(%)




49

A1519% 3.4 SCHEDULE MONITOR PARAMETERS

SCHEDULE MONITOR
Y71 POWER FACTOR L“ﬂumiﬂ@ﬂﬁ Power factor
Y72 | MARGIN(%) HumsvenannuINT LA IWUD PSW

3.4.2.2 Function VI'NC]
(1) Repeat function
1y e Pilot input (Start switch) §3 ON 8813 repeat 1215910 Squeeze time 1183
AU off time 1A fJ‘ﬁ weld complete 17] off time 3% ON (Auto)
35m3 : Taens set i Repeat Function (X0,Y1) 151 1
(2) Pressure control function
Controller 92 13 support function “Ld: (Un@Ave set X0,Y13=1)
Setting : Set the pressure control (X0,Y13) o

(3) Pulse pilot function

1
[ =

. | . . 1 & 1 1
Pulse signal mmmazﬂuamumum pilot input MnsaAna 1 A5 ﬂu%zmumfﬂuw Sequence
VI s¥eu 13z any switch 11a7
Setting : Set the pulse Pilot (X0,Y15) ni
(4) Fault reset by pilot function
' Y o A ' vy .
15 Reset fault 92 1111150 reset Ulﬂﬂﬁx‘liﬂﬂ%@jﬂ detect LA AINIT reset AR Pilot Input
(Start switch)
o 24 , ) |
A5N19 : ©I9AIN Pilot function (X0,Y16) 1 1
(5) Re-weld at Function
MAUNAVDINT Fault INANINNTZUARINING (E60) 130 nIzudd (E61) inTodkonazildos
A = o’/‘ £ 19 v A o = A A <
ﬂi&’uﬁﬁfﬂll@ﬂﬂiiﬂu%&@m’lﬁ’ll’ﬁﬁ]ﬂﬁlﬂﬂﬂ'lﬂﬂigllﬁ@ﬁ)ﬂ IATOUYDUNIY Alarm
~d 24 4 , 4
25N19 : ©19AIN Re-weld N Fault function (X0,Y17) 1 1
(6) Low current limit set function
4 & 1 aa v A4 A D} bl - ~
FAINITDNALAIANT AU ﬂlﬂiﬂizuﬁ‘lﬂlwaﬂﬂgiﬂ Detect Iﬂﬂﬂ'ﬁ@]\uﬂu % LN8uUIN 100 %
Y
LU auanssia 100 Amp 1187 A9ANTLLE low current limit function=90% N3LLEAVL detect D
N5ZA0NAINI1 90 Amp
Y v
A5M3 : @9A1 % N low Current Limit (X0,Y2) (50 t099 %)

(7) High Current Limit set function
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] ' Y
A A

v Y
sanIzaIa aue veanszua ldiionaz 19 Detect TasN13@9 % HeVIN 100 %
Y
U auanssia 100 Amp 12 AeanTa High current limit function=120% NIUTIS detect
fNFzUaRONgIN 120 Amp

353 : 9A1 % N low Current Limit (X0,Y3) (101 to150 %)

3.4.2.3 Current Control Method
am = A . = Y
ATNITAIUANNTLUAN 2 IR AB Constant Current LLAT Voltage compensation AdseziaenIn
NN AULALADAARDINY Specification
(1)Constant current control
N3 Primary current 92gn3ad 1 uuAaz Cycle Tnod 9o doyalunio uaz yu
. o A A [~ @ 3/‘ ' 1 o A
firing angle WHNATUIU LWﬂﬂﬂg‘lﬂLﬂuﬂingﬁulWﬁ'l ANUUNITHUNWNUDINTELUTNUUAINUUA
A ! = 3 ] v Y
niov Gl,u"]fEN Load Vlﬂ'J'liJLi'Jq@ﬂﬁ'liJ'liﬂﬁlfﬂlﬁlffJﬂuulﬂ
- Current setting method :
Set the current directly in : 100 A
Setting range : 2000 to 25500 A
- Turns ratio : Set the specification turns ratio
- Compensation factors : Fluctuation in weld power source on load
(2) Voltage compensation control
Tunsainfimaseuniounu Iastlusounaieni 3nsaununszud dealsisns
AIUAN Voltage compensation AIUANLUNU
- Current setting method : Set the current taking the weld current at rated voltage at 100 %
Setting range : 20 to 130 %
- Turn ratio : No need to set
- Compensation factors : Power voltage compensation only

0w . =l = I T .
1191 Welding NWINN MUY ApadoNULL Compensation control

3.4.2.4 Monitor Function
Monitor function of teaching box and reset box
(1) Schedule monitors (X1 to X15)
Y71 Power factor :
I o dy 1 A
1WUAITAIUBS Power factor THUIFOWN

Y72 Tr. Margin



51

& v . s
(UAIFA Margin Y04 weld transformer Tu31i)o 5116
(2) Common monitor (X0)
Y71 Schedule No:
I~ o F
1 UALEAS schedule No U014 Piloted
Y72 Fault Code:
< 1o w E 4
14 fault code AR89 Code number HAFINTY number 0 11 111 Code fault 9
- da . 4
NEHNNATENINNTIFDY
Y79#1 Weld Current (KA)
I 1 A A o [ A = <
WUMSUEAIA LR AIVDINTEUATFONTINITU #1 1 UToNIZNgUDNNUIY % 911
993187U Voltage N1 100%
Y80#1 Line voltage(%)
I 1 A o @ A ~ I
1Wun1suaaIn IRagues Weld power source 61131 #1 A MFouIZNoUsonuUlY %
AUOAT1EIU Voltage 7 100%
Y 85#2 Weld Current (KA)
5 o4 4 o o 4 4 4
AumstaaInnfsveInssumFoud MY 42 nauen lunsnIuguISIAIToNAIN
(Constant current control)
Y86#2 Line Voltage(%)
I 1 A o @ A =1 I
WUMSHEAIAUNABVDY Weld power source G115 #2 A WFoNIzNgLODNNITU %

AIOAT1HIU Voltage 11 100%

3.4.3 Welding parameters

3.4.3.1 parameters in spot welding

Portable spot welding (PSW)

I A A o Y I~ o A ° ' 4 ]
Lﬂumimmam”lvmmuumﬁa mmmmmmmﬂuwaﬂiumiwam Tﬂﬂumwumaﬂmmwau

o Y o ' v o q Y 1 I < oA o & A A
U Lla]u'ﬂ,@']ﬂ']ﬂ'J'uJi@uiJ']ﬂ'lllﬂlqulﬂaﬂ aga’lﬂﬂa’lﬂlﬂullwulﬂﬂaﬂu Cﬁﬁﬂﬁﬂﬂ'ﬁiuﬂ'ﬁl%ﬂw

NHUDI Ohm's Law V(Voltage)=I(Current ) x R(Resistance)
VDY Jouls' Law H(Heat)= I(Current) x V(Voltage) x T(Time)
gaiuaumInnuion H=0.241'RT

H = A1 Nu$ou(Calorie)
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I=n3zue (Amp)
R = AANUAUNIY (Ohm)
& Y o <3 ' J Y A A Ao Y <
FIVINTUNITAIMNIDUIL T UNAUUUN mmmmuiuma%m(H) 'ﬁiﬂﬂ1‘ﬂ1/]1sl'ﬁl'ﬁﬁﬂ'ﬁﬁ@ll
I dy = o 421 "o [ Y o 1 . =
azawﬂawifﬂumammﬂu%:ﬂjuagﬂummmmumu(R) INFIENANTSUTFLASAT weld time U
o % ] ] [ 1 42’ 9
NITNIHNUANIYAIULUUDU llllﬁ1lﬂ§ﬂﬂillﬂ'l"llua\1@1llulﬂ
Y

= Y 1 9 d' d? 1o J 9 Y 1
muumaqﬂ“lﬂm ﬂ1ﬂ’ﬂlli@u111!ﬂﬁlﬂlfﬂll WVUDYNUMANNUATUNIU (R) 91019010

Y s 1 Y <] Yy Y Y ' Y <3 Y
ATHMUUMUIN ATAIUIDUNITUIN LATZDIAITUATHNIUUBY AMNINUITDUNITUBINTY

310 =

Q=0.2412RT

310 3.18 gasndsnuanuon

3.4.3.2 principle of Resistance welding

A A v ) 2 A ' o q ¥

MIIFDUUVY resistance ¥ 1¥A1ANUAUNIUVDIBUY AnTeua TWTh Tnanusia 19
manasnuauseud miulngon Tunmsdounuy Resistance weld WAIIIUANNIOUIZ YN
o Y . £ 1 Y I 1 A
U8 7 Resistance Feazu1q 1aiilu 2 ngu Ao

Y
1.Bulk Resistance A1 @ mmutiio Yaa laun R1,.R7(Electrode) 11ag R3,RS5 (Work pieces)
2. Contact Resistance ANNAIMMUNTNTUNE 1A1A R2,R4 1AL R6
Y

g @ I 1
Bulk Resistance A71uA N0 T iTumanudumuns nanseua IihnieluTans
3,’ A Y A dg‘ K% wvAa . d! o Y A a 9 d‘
19 wdinnieensonnTueg iy quauiiaves Material ¥3zii 1inagunginnuioun

HANAIN Y
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L]
e
-

R

o

310 3.19 anudmmuriianie

Diagram wnaainsilasunilasved Bulk resistance 1182 Contact Resistance 492115
fu 1A Function 4941781 Contact resistance 9¥0A1AAA4ADIAALAY F451913AA1 Contact
resistance 92 A9AIRE19IAG Tuvazinszuasuldosuazdinsanatedaneriios A 1w
sinvoniansamnsaiunsang 18oe1ederiioq Bulk resistance %zﬁuae_jﬁum Resistivity Y04

. < o 1 o .
material (1@ alloys udaaIUny material temperature

Fasismon
-h'““--_q__‘
N
b
b
\
y

Spa . il 5 ke

|

J |
=

.

ime

51U 3.20 nswlanwdumuinasunlasama

3.4.3.3 adewugitliluns Spot

v A

o & A o v &2 Y o~ 19 YA o ~ '
ﬂﬂﬂﬂWU§1Uﬂﬁ1ﬂﬂlﬂJ 4 iujfl]fl]ﬂ °1N{5]ﬂ\?iJﬂ'liﬂ'J‘]JﬂﬂJ‘liJﬁlﬂNﬂ'ﬂiJNuuﬂi INICAITHHAND

o

d‘ 1 4! Y 1
YALFDNDYINNIN m"lmm

1.Weld current 2.Pressure 3.Weld Time 4.Electrode Tip
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310 321 gauvou

@

1.Weld current  n3zua lWthilFlunaiomilu Parameter Adhdgygalumagouuny

v
a =K

. . & Y A Y o w ~
Resistance welding #3010 39 unAavuszumasaesnuiuanslugas
X A g Aa v o Jdu o 9 A
2.Weld time 1326303 11U Factor NUANUAUAUTAUNAINUANNTOU Msiasunilawianlu
A o Yy 3 A = ') A v o Yy A
MIFen wasnuaNusounvzimsiaoundas Tasdwarlumsyesties nasnuanuioudn
PR Ayve o A A a 2 0o 9Y w Yy Aa &
1an1ioe Nugget # 1dnazian ionansouuinnu 1 Argsih i ndsauanuseuininavuinn
A yd =
118¢ Nugget 71 lanvzan
v o Jdo 4
3.Pressure 1L33NA (welding force) Lliiﬂﬂ%ﬁﬂ’nll’dll“wu‘ﬁﬂ’]JﬂiziJ’J‘L,lﬂﬁL"‘]?mJu‘]J‘]J Resistance
g v . o 1 X g o ] 'g
welding 1a@92dl effect 11 Contact Resistance 9811119 Contact area Bl udmmanguau
AR VLTInA 1l IR A MUY Weld Zone 5o lvinszua lvaniu'la
4.Electrode Tip
AUANLAY09%2 Tip 11N 1515011V Spot welding
- gnsarinsaa i lg lums spot ludsdumisndesminyenlaa

1 Aq ¥ A Y
- TIUTIDNUAD pressure VlGlGHLGHfJiJUlﬂﬂ

Y Y=
- ﬁ1ﬂ15ﬂi$ﬂ1ﬂﬂ31ﬂiﬂuqﬂﬂ
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3.5 MI9dNUUUNITINAADN Design Of Experiments ( DOE )

3.5.1 YN Introduction to Design of Experiments
113 1.¢ 1920 Tualszmeravsgoming 1a1n3111anN1T Design of Experiment 11/
L a a 9 4 {
Uszgndls Tumsanpimsniyaulavesiisdnnemanyasieling Idgasnavvosifen

Ve oA & o 7q ¥ . . A a )
LN INNU uua@LﬂUﬂifllliﬂiuﬂ’lilIigEJﬂG]Gl"lf Des1gn ofExperlment Gﬁﬁlﬂu@ﬂllﬂ]u@ﬂu@ﬂ]@ﬂ

@

Aaa 4 3,’ 2 Y o Y A +H d‘ J [ 1
ﬁﬂﬁﬂimﬂ@] Gl,uﬂifluuwﬂ1ﬂ1§‘ﬂﬂﬁﬂQllﬂliflﬂﬁﬁiW’diJ‘U@QﬂQfJ‘V]L!,G]ﬂ@nﬁﬂuiuﬂ'ﬁ‘ﬂﬂa@i’ﬂ

U U

I 1 [ H [ % [
Treatment 395UV INTEonMIAILANANLTTUNITNAADINANA 1A Treatment 17
= o &
WD

L @ aa a @ a
Gl,uﬂ1iﬂi$f§ﬂ@1“§jﬂﬁﬂﬁﬂﬁGluﬂﬁ@’ﬂﬂu‘u‘u’J%‘ﬂﬂ’d@\i?ﬂwaﬂigﬂﬂmﬂﬁﬁﬁllﬂiﬁ]ﬁ?i&’WQWEla]

@ 1w

A v A ' = Y} ' I~ A A
Tnliaedudsa Tasuumns naeunUunedINgeaa NI TUMIHAA LAz 11U 7
A U d‘ % a Y cil' d' 3/’
UONUHBIINMINEAT NOUNTHI FRINTN U130 Tuaans i Tanasan 2 1 Usemaluglsyl
{ | ° o {o a aa J 1<
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Y Y [ A4 . A =
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g A o A 2y myw $ A zy v I
answlanniei 2 ansgowsm debildsuwansznunnasaswlanaian 1 dorud iy
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Available Factorial Designs [with Resolution)
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Factors

SRR AN NES

H o . s Y A& o o
ﬁﬁNﬁ 3.25 329U Resolution ﬁlﬂu"lﬂ"lﬂ Lﬁﬂﬂ1ﬂuﬂ Run 18911 Factor

3.5 Haninaaoy

Auto
Alliance

§ 5 L A N

P Y —

Process parameter Label | Units | Low level | Mid level | High level
Welding current A kA -1 0 +1
Electrode force B kN -1 0 +1

Table | List of process parameters used for the experiment




Aﬂiuatl?ce
design matrix — _&==—=
Run Factor
A B A B
1 1 -1 75 2.0
D) 1 0 75 25
3 -1 +1 7.5 3.0
4 -1 8.5 2.0
5 0 8.5 2.5
6 +1 8.5 3.0
7 +1 = 9.5 2.0
8 +1 0 9.5 2.5
9 +1 +1 9.5 3.0
Autn
R
D e ©mazna
Run| A | B Y1 Y2 Y3 Mean
1 |-1]-1 33 30 36 33
2 |-1]0 15 16 12 14
3 | -1+ 35 37 43 3
4 [o0|-1 48 46 50 48
5100 31 22 27 27
6 |0 |+1 56 55 62 o8
¥y T 64 69 69 67
8 [+1] 0 52 55 49 52
9 [+1]+1 89 78 86 84

Table Il Results of the experiment
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2-level full factorial design

From results of experiment

Factor A (current) has a linear function with spatter

Factor B (pressure) has a non-linear function with spatter
Design new experiment

2-level full factorial design

Set factor B

2.0 kN for low level
2.5 kN for high level

Auto
Alliance

Because from previous experiment 2.0 kN force have %spatter

lower than 3.0 kN force

Auto
Alliance
ANCES @ 0 WD
R 7o o e £y MBZDA
Process parameter Label | Units | Low level | High level
Welding current A kA -1 0
Electrode force B kN -1 0

Table | List of process parameters used for the experiment
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At
. . iance
design matrix =~ _&=—=—=
Run Factor
A B A B
1 -1 -1 75 2.0
2 0 -1 9.5 2.0
3 -1 0 7.5 25
4 0 0 95 25
Autno
Alliance
Lo DT T e £ mazoa
Run | A B Y1 Y2 Y3
1 N 33 30 36
2 0 | -1 48 46 50
3 | 110 15 15 12
4 0 0 31 27 22

Table Il Results of the experiment
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Pressure
has a
greater
effect than
current
Spatter
increases
as current
increase.

Autn
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Auto
Alliance
< e &) mazona
Cube Plot (data means) for spatter
o
B
: cxccou]
=1 o
A
Autno
Term Coef BHE_E@
Constant 26.6667 D s O MAZDA
A 12.3333
B -21.3333
A*B -2.66667
Coded Factors [Interaction Response
A B AB Y
-1 -1 1 48
1 -1 -1 96
-1 1 -1 72
1 1 1 36
Yave at FACTORy,g 66 54 42 Grand Mean 63
Yave at FACTOR,,,, 60 72 84
Effect 6 -18 -42
Coefficient 3 -9 -21

the prediction equation is: ? =63+34-9B-21A4B
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Spot welding parameters

Spot welding parameters include:

e Electrode force

HNNARUIN

e Diameter of the electrode contact surface

e Squeeze time

e Weld time

e Hold time

e Weld current
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The determination of appropriate welding parameters for spot welding is a very complex issue. A

small change of one parameter will effect all the other parameters. This, and the fact that the contact

surface of the electrode is gradually increasing, makes it difficult to design a welding parameter

table, which shows the optimum welding parameters for different circumstances. However, this

table shows target values for the welding parameters.

Weld Electrode
Sheet thickness, t  Electrode force, F 'Weld current, I Hold time

time diameter, d
[mm] [kN] [A] [cycles]

[cycles] [mm]
0.63 +0.63 2.00 8500 6 1 6
0.71 +0.71 2.12 8750 7 1 6
0.80 +0.80 2.24 9 000 8 2 6
0.90 +0.90 2.36 9250 9 2 6
1.00 +1.00 2.50 9500 10 2 6
1.12+1.12 2.80 9750 11 2 6
1.25+1.25 3.15 10 000 13 3 6 7
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1.40 +1.40 3.55 10 300 14 3 6 7
1.50+1.50 3.65 10 450 15 3 6 7
1.60 +1.60 4.00 10 600 16 3 6 7
1.80+1.80 4.50 10 900 18 3 6 7
2.00+2.00 5.00 11 200 3x7+2 4 7 8
2.24+224 5.30 11 500 3x8+2 4 7 8
2.50+2.50 5.60 11 800 3x9+3 5 8
2.80+2.80 6.00 12200 4x8+2 6 8
3.00 +3.00 6.15 12 350 4x9+2 6 8
3.15+3.15 6.30 12 500 4x9+2 6 8

Electrode force

The purpose of the electrode force is to squeeze the metal sheets to be joined together. This requires
a large electrode force because else the weld quality will not be good enough. However, the force
must not be to large as it might cause other problems. When the electrode force is increased the heat
energy will decrease. This means that the higher electrode force requires a higher weld current.
When weld current becomes to high spatter will occur between electrodes and sheets. This will

cause the electrodes to get stuck to the sheet.

An adequate target value for the electrode force is 90 N per mm’. One problem, though, is that the
size of the contact surface will increase during welding. To keep the same conditions during the
hole welding process, the electrode force needs to be gradually increased. As it is rather difficult to
change the electrode force in the same rate as the electrodes are "mushroomed", usually an average

value is chosen.
Diameter of the electrode contact surface

One general criterion of resistance spot-welding is that the weld shall have a nugget diameter of
S*tl/z, “t” being the thickness of the steel sheet. Thus, a spot weld made in two sheets, each 1 mm in

thickness, would generate a nugget 5 mm in diameter according to the 5*t"-rule. Diameter of the
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electrode contact surface should be slightly larger than the nugget diameter. For example, spot
welding two sheets of 1 mm thickness would require an electrode with a contact diameter of 6 mm.
In practice, an electrode with a contact diameter of 6 mm is standard for sheet thickness of 0.5 to

1.25 mm. This contact diameter of 6 mm conforms to the ISO standard for new electrodes.

Squeeze time

Squeeze Time is the time interval between the initial application of the electrode force on the work
and the first application of current. Squeeze time is necessary to delay the weld current until the

electrode force has attained the desired level.

Weld time

Weld time is the time during which welding current is applied to the metal sheets. The weld time is
measured and adjusted in cycles of line voltage as are all timing functions. One cycle is 1/50 of a
second in a 50 Hz power system. (When the weld time is taken from American literature, the

number of cycles has to be reduced due to the higher frequency (60Hz) that is used in the USA.)

As the weld time is, more or less, related to what is required for the weld spot, it is difficult to give

an exact value of the optimum weld time. For instance:

e Weld time should be as short as possible.

e The weld current should give the best weld quality as possible.

o The weld parameters should be chosen to give as little wearing of the electrodes as
possible. (Often this means a short weld time.)

e The weld time shall cause the nugget diameter to be big when welding thick sheets.

e The weld time might have to be adjusted to fit the welding equipment in case it does not
fulfil the requirements for the weld current and the electrode force. (This means that a
longer weld time may be needed.)

e The weld time shall cause the indentation due to the electrode to be as small as possible.
(This is achieved by using a short weld time.)

e The weld time shall be adjusted to welding with automatic tip-dressing, where the size of
the electrode contact surface can be kept at a constant value. (This means a shorter welding

time.)



97

When welding sheets with a thickness greater than 2 mm it might be appropriate to divide the weld
time into a number of impulses to avoid the heat energy to increase. This method will give good-

looking spot welds but the strength of the weld might be poor.

By multiplying the thickness of the sheet by ten, a good target value for the weld time can be
reached. When welding two sheets with the thickness 1 mm each, an appropriate weld time is 10

periods (50Hz).

Hold time (cooling-time)

Hold time is the time, after the welding, when the electrodes are still applied to the sheet to chill the
weld. Considered from a welding technical point of view, the hold time is the most interesting
welding parameter. Hold time is necessary to allow the weld nugget to solidify before releasing the
welded parts, but it must not be to long as this may cause the heat in the weld spot to spread to the
electrode and heat it. The electrode will then get more exposed to wear. Further, if the hold time is
to long and the carbon content of the material is high (more than 0.1%), there is a risk the weld will

become brittle. When welding galvanized carbon steel a longer hold time is recommended.

Weld current

The weld current is the current in the welding circuit during the making of a weld. The amount of
weld current is controlled by two things; first, the setting of the transformer tap switch determines
the maximum amount of weld current available; second the percent of current control determines
the percent of the available current to be used for making the weld. Low percent current settings are
not normally recommended as this may impair the quality of the weld. Adjust the tap switch so that
proper welding current can be obtained with the percent current set between seventy and ninety

percent.

The weld current should be kept as low as possible. When determining the current to be used, the
current is gradually increased until weld spatter occurs between the metal sheets. This indicates that

the correct weld current has been reached.
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