SPOT Welding
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APPLICATION OF WELD TIME FORGING TIME
ELECTRODE FORCE

RELEASE OF
ELECTRODE

ELECTRODES
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Process Variables

= Sqgueeze Time (Cyc)

= Weld Time (Cyc)

= Hold Time (Cyc)

= Weld Current (kA)

= Electrode Force (N or daN)
= Shape of the Electrode

= Workpiece Material

1Kgf= 9.8N

The kilogram-force has never been a part of the International System of Units
(Sh, which was introduced in 1960. The Sl unit of force is the newton.
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http://en.wikipedia.org/wiki/International_System_of_Units
http://en.wikipedia.org/wiki/Newton
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Main parameter of Resistance Welding

H =I’Rt
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Resistance in the welding circuit
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Relationship between Electrode force and Resistance

A
surface
resistance
Rs o
Electrode force
Gauge
y
electrode force F;
_ x2
H=1"Rt
See note
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| The TIME factor

PRMITHIUNH IS TY

Insufficient

Welding

V Hard working Method 19d%SUN31¥0M

\ Tanghlinnuihanuiougs

Spatter

\\

Method Method

A

Hard Working Soft Working

B

i VMUY



”

20 7 1
15 - 3
K
h'---
@
-g H 2
r '1 N
-5 10
3 \ -+
= '!,. T 3
\\ 3%
\ J .
5 ., = Ty
O Mild stesl
® Hot-dip iron-zinc alloy steel (A100)
& Zinc-coated steel (G100)
0 |
5 6 7 8 Q 10 11

Secondary weld current, kA

FIG. 2 PLOT OF WELD TIME VERSUS SECONDARY WELD CURRENT TO OBTAIN WELDABILITY LOBES FOR
SELECTED 0.8 MM (0.03 IN.) THICK STEELS. ELECTRODE PARAMETERS: FORCE, 1.8 KN (0.20 TONF); TIP

DIAMETER, 5.0 MM (0.20 IN.)
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Stainless Steel

- Same Thickness

Heat Balance

Carbon Steel Difference Material
"\ s
" s
-
S 2
‘5 I Same Material Carbon Steel

Difference Thickness
gon Steel

Automatic Heat Balance

- Same Thickness

- Same Material

- Same Electrode Size, Type and Shape
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/ Same Thickness Difference Material

Stai Steel
Electrical Resistivity

Carbon Steel Stainless Steel > Carbon Steel

Method 1 = Reduce material resistance (reduce heat) by
decrease the thickness of the High Resistance Material

Copper Zirconium

Tungsten

Stainless Steel

Carbon Steel

Check Material Physical
Properties

www.matweb.com

Method 2 - Reduce Heat in the High
Resistance Material by decrease
current density.

Method 3 = Increase more heat on
Low Resistance Material by using
High Resistance Electrode

© Copyright SIAM PART PRODUCTS CO. LTD 15

Electrical Resistivity

Stainless Steel Stainless Steel Copper Zirconium = 0.00000186 Q.cm.
- - Tungsten = 0.00000565 Q.cm.
Stainless (300 = 0.00006950Q.cm.

Carbon Steel Carbon Steel (308
Carbon Steel = 0.00001590Q.cm.




Same Material Difference Thickness

Thick Section > Thin Section

Electrical Resistivity

Method 1 & Reduce Heat in the Thick
Section by decrease current density.

wr
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Copper Zircomium

Tungsten

Method 2 = Increase more heat on
Thin Section by using High
Resistance Electrode
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1000 toni) 1000 towil

6 V. @ T WA,
Current Density = Current/Area Current Density = Current/Area
Area = (nD?)/4 = (3.1416*36)/ 4 Area = (nD?)/4 = (3.1416*49)/ 4
= 28.2744 mm? = 38.4846 mm?2
Thus, Current Density = 1000/ 28.2744 Thus, Current Density = 103 A84

= 35.3677 A/mm?2 =

Current Density will be reduced = [(35.3677-25.9845)/ 35.3677] x 100
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Thickness D A L Welding | Electrode| Welding | Nugget
s d ) ) time force current | diameter
2 min. min. .

[mm] (periods) | (daN) (A) (mm) SECOND WELD MADE e
0,25 4 10 6,5 10 3 91 4000 33 100 GLOSE T0 /Q\ / FIRST WELD
0,5 5 10 10 11 5 136 6100 43 . PERFECT
0,75 6 13 13 12 6 181 8000 53 PREVIOUS WELD;

1 65 13 19 13 9 27 | 900 | 58 CURRENT HAS
125 6,5 13 22 14 10 205 | 10300 6,3 SHUNTED

15 6,5 13 27 16 12 362 11600 6,9 THRU

2 8 16 35 17 18 496 13300 7.9 FIRST

25 8 16 41 19 21 590 14700 86 WELD.

3 10 16 50,8 22 25 815 17500 10,2

Center of weld to edge distance - 2-2.5x weld diameter, r

Min. Weld to weld spacing = 10 x Stock thickness

\
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By recall Ohm's Law: Voltage equals Current times Resistance, or
written differently, Current equals Voltage divided by Resistance.
Factors like pitting or mushrooming of the electrodes, dirty
workpieces, changes in force, etc. all have an effect on the surface
area (the area of contact) between the electrode and the workpiece.
Since changes in the surface area affect the contact resistance
(resistance of the surface area), it is reasonable to say that the
resistance at the workpiece is not constant, but rather a factor that
can change depending on a number of other conditions. If
Resistance is not constant, then according to Ohm's Law, Current is
not constant either. This means that the I-squared version Joule's

Law will not reveal the amount of heat generated at the workpiece
unless the resistance at the tips is known.

g

|
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Maximizing the surface contact, current density is increased.

A silly experiment :

o Stick a piece of Scotch tape to a clean piece of paper —
Like well-maintained, clean electrode

o Sprinkle some salt on the piece of paper, then,sf Ic
piece of Scotch tape to the paper with the salt 6

o Stick a piece of Scotch tape to some carpetlng th
stick same tape to the paper. |
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nasgrvvedaanlymaanina - muINAsgIY RWMA

Group A - Copper Base Alloys

— RWMA Class 1 — RWMA Class 3
« Zirconium Copper « Cobalt-Beryllium Copper
« Cadmium Copper * Nickel-Beryllium Copper
 Chromium Copper « Beryllium-Free Copper
— RWMA Class 2 — RWMA Class 4
« Chromium-Zirconium Copper « Beryllium Copper

 Chromium Copper

— RWMA Class
. / o
» Aluminum C
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Group B - Refractory Metals and
Refractory Metal Composites

— RWMA Class 10
 Copper Tungsten

— RWMA Class 11

« Copper Tungsten _ _
Group C - Specialty Material

— RWMA Class 12
« Copper Tungsten — RWMA Class 20

» Dispersion-Strengthened Copper
— RWMA Class 13
« Tungsten

— RWMA Class 14
 Molybdenum
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Typical Physical Properties of Electrode

hardness (Brinell) [HB 10/2,5-30]

a 100 200 300 400 500 600 0 10 20 a0 40 50 80
snnesing temperature [°C] electrical conductivity x [m /(@ * mm?)]
A £
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Type “A” Type “B” Type “C” Type “D” Type “E°.  Type “F”
Pointed Dome Flat Offset Truncate@is. Radius

[Reference: Resistance Welding Manual, p.18-15, RWMA]
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Standard Electrode

Pointed- tapered from the full-diameter electrode shank to required size and with a
flat surface, holds its shape well, but is difficult to dress in the machine unless a
dressing tool of the exact taper is provided.

Flat- employs the full shank or stock size at the welding surface.

Dome- the dome tip is used for less precise work where easy dressing is of
advantage. The dome shape provides a greater approach to the flat surface of the
work.

Offset- is used to make a spot weld closer to a vertical wall than is possible with a
straight tip. The offset of the tip should as slight as possible, as the electrode force
or the compression load at the center line of the electrode axis will tend to cause
bending of the tip. Since the tendency of the electrode is to skid or deflect as the
offset distance form the center of the electrode axis increases, offset tips should not
be used except when required.

Radius- is used for the welding of aluminum and for many other precise
applications because of the superior results to be obtained. The spherical surface is
easier to clean without removing from the machine, will withstand higher pressures
with less deformation and is more readily aligned in the holders.
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mummawmauwamaﬂiﬂm% L —Aﬁ
ﬂ’J‘lJﬂN"ll‘L!1ﬂ"lJf’JQ%ﬂ!§@N Gl‘L!TI'I\‘i
A U: N A o Thickness D A L Welding |Electrode| Welding | Nugget
1J§]‘1_Iﬂ VYUIAVOIDALBONAITAIZLIAN s d > i i time force current | diameter
, ? Yy o o [mm] ' ' (periods) | (daN) (A) (mm)
NITVHUHIAUDINHUHIANNAUD 0,25 4 10 6,5 10 3 91 4000 33
~ o < 'y o« - 05 5 10 10 1t 5 136 | 6100 | 43
maﬂimmanuaﬂ gmmmmﬂu"lﬂ 0,75 6 13 13 12 6 181 8000 53
A o o v 1 6,5 13 19 13 9 227 9200 58
mum@.ﬂmun%mmmz"lmwauia 1,25 6,5 13 22 14 10 295 10300 6.3
Ty 1 a v o q Y 15 6,5 13 27 16 12 362 11600 6,9
uao Inaduldasaawanildsuau 2 | 8 | 8 | 3 | 7w | 18 | 46 | 1m0 | 79
Y a th di a i o 25 8 16 41 19 21 590 14700 8,6
seunu lduazulamatnal nsuna 3 10 6 | 508 | 2 -5 815 | 17500 | 102

' a A v Parameters provided by manual
uazc‘gﬂuﬂwma“lu‘vmmwau"lﬂ

d =0.100 + 2t

1
o
=
)

I.
|/
=
=,

If t=0.5mm. (0.01967) then d = 0.100 + 2(0.0196)
If t=21.5mm. (0.0590”) then d = 0.100 + 2(0.0590)

0.2180” = 5.53 mm.
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(e

0.094” (2.3 mm.)
A

A 4

O ‘.

A 4

0.062” (1.57 mm.)

Dissimilar Thickness — Carbon Steel

Electrode tip dia. = 0.100 + 2t

= 0.100 + 2 x 0.062”
= 0.100 + 0.124”

Electrode tip dia. = 0.224” (one side only)

© Copyright SIAM PART PROpiL_JﬁTég;CO.’;ILTD. b

For the other side, the calculation is as follows:

Electrode tip dia. = 0.100 + 2t

= 0.100 + 2 x 0.094"
= 0.100 + 0.188”

Electrode tip dia. = 0.288” (one side only)
A '1.’ L LR
BT 2 LRy

14
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Single phase input 50/60 Hz U, V 400
Rated power at 50% Sn kVA 25
Power at 100% Sp kVA 18
Short-circurt power See kVA 86
Max. welding power Srax. kVA 69
Installed power P, kVA 20
Cross section connecting cables mm? 25
Fuse (delayed action) A 63
Secondary voltage Usg V 45
Secondary short circuit current l5e kA 19
Max welding current I kA 15,2
Secondary thermal current at 100% iy max. kA 3.9
Work stroke mm 60
Electrode force at 600 kPa (6 bar) F s daN 230
Water consumption at 300 kPa (3 bar) a [/min 6
7 mm 1005
Dimensions > mm 410
T mm 1425
Weight m kg 200

© Copyright SIAM PART PRODUCTS CO. LTD

Calculation of the maximum
welding rating

neUNIZFNYJURNUADIATEY ATTILHINTATIVADY
(F@onaUIN Rating 1UMIIHON (Welding rating) 92 T3 1AN
Rating g4g@ (Max. welding rating) M1A309e10150910 18
A o q Y a ¥ ) A A
11999109 IMNANNTOUGY ANNTOUVDIUATDINIO
v < Yy Aa X o
niloudautluraananuIounnAILINMININY  Tag
namlsAenal nszudiFou uazsIuIUIANITOY
1 v & =2 o & 1 A A ¥ =
. ¥ lag AU N ue g 1EINIzABINI U
A A Y9 o Y =
AszuE¥euNa I 1 1A IS uIunaINdedn1s $991n
9 1 dy ) Y 1 9 = I 1
aumsdmani sgihldansomai, 18 sauiluan
= VoA ] ] 3
thermal current INYULININAT 100 % duty cycle LADE19 151
VoA v Y Ay 1o
a1 AN r11AT 9AealATeEN3I1AT thermal current
QuEga @, ) Amrua 1 lua1I e eaz@ean1unain

A ° Yy q Y1 A ] Y
VDA T O uazmﬂmmmua’flﬂﬂmqq ] I’Tl"]ﬁ]%@]’f]ﬂﬁﬂ

UIUNINNU (welding cycle) ay

A4

| _\/(Weld time x weld cycle €
i’ 3000 Zaams Wy W

29

A o o w,‘



W — .

Calculation of the maximum

Single phase input 50/60 Hz U V 400 weldin g ratin g
Rated power at 50% Sh kVA 25
Power at 100% Sp kVA 18
Short-circust power See kVA 86 I < I
Max. welding power Stra. kVA 69 th th IIlaX
Installed power P kVA 20
Cross section connecting cables mm? 25
Fuse (delayed action) A 63 _
(weld time x weld cycle) x (weld current)?
Secondary voltage Usg V 45 ly, = 3000
Secondary short circuit current l9c kA 19
Max welding current I kA 15,2
Secondary thermal current at 100% Ly max. kA 3.9 EXAMPLE 1
Work stroke mm 60
Welding current = 7000 A
Electrode force at 600 kPa (6 bar) Frax, ~ daN 230 Welding time = 5 periods
Water consumption at 300 kPa (3 bar) Q |/min 6 10 welding cycle per minute
A mm 1005 . 2
- \/(SXIO) (000> _ o o
Dimensions > mm 410 3000 a
I 1 ™
() mm 1425 : {
Weight m kg 200 g
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Duty Cycle A1 Duty cycle vanifoutlasnoszaunnuioud

Aa ds@l 2 v o w 9 =
MNAYU G]NL‘]J‘L!?%W]JﬂWaQﬂl@ﬁﬂhﬂllﬂax‘iﬂﬁnﬂﬁﬂ

inuldlurianailas Taeglimannusougs

©

g a2 o 9y Aq Yo Y] A A

S numMrue vueulasnlsdvsumnse ety

8 a o YA

2 10 lagdnAvedivualii 50 % Duty cycle

m ] ] o (%4

= Hu1eANIN veulasansasiemadla 100 %

G) 1] L]

S 1 Rate kVA ifvualu Spec. gaga 1 119 Tag

o

L00% Tifewnaumnua inninmsdaeelvinswn
4 A A4 . v 2

1n509 1 WIf neufaziougane 1 A9lwLs
11150 19MaUreNNINAI Rate kKVA NAIHUA

Yy 1y 91 { ¥ '
18 uadealenl Duty cycle Nipead  Tagal kVA

50% Percent Dutg Cycle y P
AU IannaunIsil
TimeOn K _ 7.07k at N
DutyCycle= — _ va ... = - 5
TimeOn + TimeOff \/DuMC i~

45
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minﬂﬁ@ll?m“ﬁﬂw (Spot welding Testing)

. msmaemmu"laiﬁmm (NDT ; Non-Destructive Testing)
Ultrasonic testing

Acoustic emission testing

« MINATIVUVUMNAY (DT ; Destructive Testing)
Peel test
Chisel test

Twist test

Tensile test
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Peel Test

Y A

VIAVIINITNAADULIUY Peel Test

. EAIMINATIU
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a wA %
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VBNAVBINMINATOUMUY Peel Test

< v Y, 2 Y A o v R A
. !°IJ‘L!fﬂﬁ'ﬂﬂﬂ@ﬂﬂ?ﬂﬂ1‘ﬂ‘]ﬂ!§ﬁﬂﬁﬂ?ﬂﬂ@ AIHHIUNAAIN
a B, A v < AT o = U qyas
NﬂWﬁ]ﬂ"lﬂgQ !‘H@Q"D1ﬂﬂ1{l°ﬂ!!5\1ﬂ\‘]‘Vlulllﬁ?»l'l!ﬁllf’) "D\‘illfﬂﬁf')ﬁu
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¥R 1en 1081
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" Peel Test

450 g

W
O,
o

250

MAX LOAD, LBS

150 -
0 174 172 3/4 I I-174

DISTANCE X, IN

v L

zeiz “x” ansaminmveasaasnliunsunaaaunlaauly o

v = ' a R Y 720
1A nmsnaaeunuy peel test 9 liviangNazlHnudmuve wans

MruamaNlAMuBIna v
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: Modes of Failure in Peel test Spot Welds .

Full Button Irregular Button

Interfacial Failure
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Chisel test
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Twist test
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‘WeVdfmg Déf‘ecits

SURFAGE " smmrge"
BURRS, " WHISKERS", ETC.7

EXGESSIVE

INDENTATION
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PHYSICAL DISTORTION

OF PARTS, RESULT OF

SEVERE BLACKENING
SPOTWELD.
FROM EXOESS_HEAT/
1 . ;
METAL EXPULSION
BETWEEN SHEETS
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Undersized weld

Wald nugqget less than
required by specification /sf
T < T
| |
Fig. 1. Undersized nugget Fig. 2. Shows the 'peal’ Fig. 3. Weld button dianvetesr
revealed by sectioning method of tearing down less than required by
the workpiece to rewveal applicable speciications
the button showvn in Fig. 3

Strong Possibilities

Defect _ hvdraul t » Insufficient cooling
elective air or nydraufic System  Poor electrical connections

* Dirty material _ « Poor mechanical connection
* Electrode faces not parallel to workpiece - Poor or varying part fit-up

 Electrode skiddingssliding . Poor weld accessibility
* Electrode wear
« Excessive sealer : _
* Incorrect material,coating .  Weld force Hioh N
* Incorrect test procedure ‘ 3

« Weldtime s
« Wrong tips
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Strong Possibilities

 Electrode wear
 Weld current low
* Weld force high

« Wrong tips

Excessive Indentation Stuck weld
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Strong Possibilities

Electrode faces not parallel to workpiece
EXxcessive sealer

Poor or varying part fit- up
Weld current high
Weld force high
Weld time long
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Burn Through

Strong Possibilities

Excessive sealer
Poor electrode follow-up*

—__F — < ____ e+ Poororvaryi It-up
» Weld current hi &
« Weld flange to I
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HOLES CRACKS
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Strong Possibilities ¢ Defective air or hydraulic system
* Hold time short
* Incorrect electrode dressing
» Insufficient Cooling ;
» Squeeze time short
* Weld current high }
« Weld force low
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Strong Possibilities -

* Dirty material
Nonround Weld ° Electrode faces not parallel to workpiece
 Electrode skidding/sliding
 Electrode wear
« EXcessive sealer
 Inadequate electrode alignment
* Incorrect cylinder
* Incorrect electrode dressing
* Incorrect test procedure
 Poor electrical connections
 Poor or varying part fit-up
« Shunting of gun or parts

* Weld current low (il
* Weld time short “I8
« Wrong tips :
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Normally during destructive testing the crack

starting at the nugget's edge travels through the
thickness of the sheet, forming the button A).

With thicker or stronger stack-ups, or with certain

materials, the crack may encounter less
resistance by passing through the nugget B).
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Strong Possibilities

Hold time short
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