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SUPHAPHON SIRILEK : ANALYSIS OF THERMO-MECHANICAL
STRESS ON ELECTRODE WELDING HEAD BY USING FINITE
ELEMENT METHOD. THESIS ADVISOR : ASST. PROF. KEERATI

SULUKSNA, Ph.D., 99 PP.
PARALLEL GAP ELECTRODE/FINITE ELEMENT/DETERIORATION

The parallel gap electrode welding used for assembly of small electronic
components. It is an expensive due to small size and made from tungsten. When used
for a period of times, it will degrade in the contact surface area of the electrode tip,
resulting in reduced weld quality. This research aims to study welding behavior and to
analyze the factors affecting the deterioration of the parallel gap electrode from
the force and heat in the welding process. With Finite Element Methodology in
conjunction with Electrical / Thermal / Mechanical model on MSC Marc software.
The results showed that in welding the maximum temperature on the electrode was
1,040.77 K and the maximum normal stress was 646.08 MPa at the contact edge of
the parallel gap electrode adjacent to the maximum temperature on the copper wire.
The heat is the main factor resulting in high stress, which resulting stress is less than
the maximum stress form compressive testing on tungsten specimen, so it does not
cause the electrode to be instantly broken or deformed. But if the electrode is used more,

it will also cause more deterioration.
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1.1 C1500 (@8nIn3a)

[

=
S5

C1500 (BanInsa) fulaveneay Taruilsznouueaneatad (Cu) 99.80 1Wosidud nazios lailon (Zr) 0.20 WosiFua laolauiaie

Fo)

U Id'
aalums1an n.1

v

M3 0.1 ANTATAQUDI C1500

Young’s Poisson’s Electrical Thermal Expansion Thermal
Temperature Density Yield Strength Specific Heat

Modulus Ratio Resistance Coefficient Conductivity
[°cl [kg/m’] [MPa] [GPa] [Q.m] x10° [1°c| x10° [J/kg.°C] [W/m.°C]
20 124 2.64 1.656 397.80 390.30
93 105 3.00 1.674 401.90 380.60
204 93 4.00 1.710 418.70 370.10
316 82 5.05 1.746 431.20 355.10
427 55 6.19 1.782 439.60 345.40
538 38 6.99 1.836 452.20 334.90
649 8900 83 25 0.32 8.00 1.854 464.70 320.00
760 16 8.98 1.890 477.30 315.50
871 14 9.48 1.926 310.30
982 7 9.98 305.00

VL



1.2 $S304 (FUNMFON)

. A < Yy Ny a 3 Aa Y 9 ' 3 ' < o
SS304 (Stamless Steel-Grade 304) o maﬂﬂaﬂiﬁun (L‘Wﬁﬂ‘ﬂNﬂ?1n@1uﬂ1uﬂ1ﬁﬂﬂﬂi@uqq) Lﬂuia‘ﬂgﬁ»lﬁllﬁg‘ﬂ']"lﬂlﬂaﬂLLa$ﬂ15U'ﬂu

v 3 . . = o o @ A
daluTanezlszian Elastic-plastic Taslantiaiaguaniailuaisiai n.2

[

M13719% 1.2 ANTATAQUD SS304

Electrical Thermal Expansion Specific Thermal
Temperature Density Yield Strength  Young’s Modulus  Poisson’s Ratio

Resistance Coefficient Heat Conductivity
[°cl [kg/m’] [MPa] [GPa] [Q.m]x 10" [1/°C]x 10° [J/kg.°C] [W/m.°C]
20 7900 353 198.5 0.294 6.04 1.656 462 14.6
100 7880 307 193 0.295 7.02 1.674 496 15.1
200 7830 268 185 0.301 7.74 1.710 512 16.1
300 7790 224 176 0.310 8.58 1.746 525 17.9
400 7750 203 167 0.318 9.22 1.782 540 18.0
600 7660 177 159 0.326 10.01 1.836 577 20.8
800 7560 112 151 0.333 11.20 1.854 604 239
1200 7370 32 60 0.339 12.10 1.890 676 322
1500 7320 8 10 0.388 1.926 700 120.0

For Thermal: Melting Point: 1400 - 1455 °C, Solidus Temperature: 1400 °C, Liquidus Temperature: 1455 °C, Latent Heat of Fusion: 2.60 x 10° J/kg

SL
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y v
v Aa d

] 1
NIUDAN INIA (C1500) azuru Tans FUNUFoU (SS304) Uaranudruniu i
VIN1SANNE (Electrical Contact Resistance : ECR) 5¢HI19UA U lang A UUA L larizuay

Aad 9 ] @ ~
aran Insanuupu lane aduandluaisnan n.3

a1319% 0.3 aanudumu Inihvesms duria

Temperature Electrical Contact Resistance (ERC) [Q.m]
[°C] Sheet - Sheet Electrode - Sheet
20 839x10° 7.08x10°
100 8.68x10° 7.49%10°
200 8.85% 10" 7.72x10°
300 9.37x10° 8.22x10°
400 10.12x 10 9.08x10°
550 11.35%x 10™ 10.95% 10
650 1531x10° 14.06x 10
750 34.13x 10" 31.97x10°
900 39.79x 10" 38.22x10°
1000 46.88x10"° 45.24x%10°

2. and@laad1HSunsaifn
2.1 Tungsten (alﬁﬂiﬂiﬂ)

@ [ A~ < 1 [ 1 1 9

1/1QﬁmuMuTawwnmmmmm NUABNITNANTOU NUADAITNIDUGN
= ) 9 A A 3’, v A 9 o o =R o Y I AAa o 9
uﬁmwmsm"lﬂﬁmazmmmuﬂﬂ DNNIYIUAIMUIDUINUNISA %Qﬂ?iﬂlﬂﬂ‘ﬂi&ﬂﬂﬂ”llﬂl%
I Aa g A ] Y A o < % 1 o
L‘]Juﬂmﬂi‘ﬂiﬂhlu\ﬂuL%?JNLLEI%LLWU?%‘UTEJ?‘I’NJJ?@H IUBNAINOATINITIUAITECHINNITNNIU
A F) I PR I~ ] A A 1 < o o a a
‘memiamﬂu”lﬂ"lﬂ@mqmmsaﬂ’;ﬂawwuﬂau ’E]fJN“liﬂGH?JW"IﬂTNﬁW]LlVITQTHTIQ‘EI!‘HQN
[

9 Y v v
an1 1,370 °C azn limsannanveaiie Tanzinavu Fedanalianiadaanlasunladll

q

nnmsanguiadiagavesisaauinldannisnaaen 1wy mMInadou

o [T

ﬁzﬁ’@mmzmswﬂmmmsq%mﬂcﬁ Y93 S.W.H. Yih and C. T. Wang (1979) ASNATOVUTIAY

o { aa [ a o
uazmaﬂﬂﬂﬂﬁamwgummu (Thermo - Mechanical Test) LLE‘]$ﬂ”li’JLﬂi”l%‘ViTﬂiﬂﬁ%)N@ﬂﬂWﬂ

Q

U939 Dmitry Terentyev et al. (2015), C.C. Zhu et al. (2016) tta1¢ Michail Athanasakis et al. (2019)
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I : 1% 1 ) A o

Hudu Fsnrnmanaaeuainan mld laauiaiganiana neanudoutaznia lilihves
4

nedauasgo 1

1) auadiaanina

v o I va o (%
ﬁiJ‘Uﬁ'Jﬁﬂ‘Vﬂ\?ﬂaLﬂuﬁﬂﬂﬂﬂﬁﬂﬁqﬁjﬂ']ﬂﬂ'ﬁﬂﬂﬁﬂﬂLliﬂaﬂllagLliﬂﬂﬂﬂﬂ

q

Y v
VOIBUNATDUVYUIAN UL 1 UAaDLUAT ﬁqmwgumq il ﬁ’)ﬂ‘ﬁﬁﬂﬂWﬁﬂﬂﬁﬂUl!‘U‘U Thermo-

v
S a 1 a

Mechanical TagNAIAMURUIMUUN QUK 293 K IM1AD 19,262 kg/m” Nungil 3,695 K

(RAMAONINAI) 1IN 16,740 kg/m’ tazlimrauiianianadauanaluaisnen n.4 uazgli n.l

= A o o
29319 n.3 mwaay

M3 9N 1.4 TuIATAAN1NAVINIAAY (Micheal Bauccio, 1993)

Temperature Young’s Modulus  Shear modulus Bulk modulus Poisson’s ratio
[°C] K] [GPa] [GPa] [GPa]

20 293 410.0 159.0 310.0 0.280
200 473 407.6 157.5 307.2 0.281
400 673 397.2 154.0 304.7 0.283
600 873 386.4 146.7 391.5 0.285
800 1073 379.1 146.5 297.5 0.288
1000 1273 368.7 142.6 293.3 0.291
1200 1473 359.0 138.2 288.8 0.295
1600 1873 338.5 129.1 280.6 0.303
1800 2073 312.8 117.3 270.2 0.310
2000 2273 285.3 101.8 257.5 0.319

At293 K;  Tensile Strength: 1670 - 3900 MPa, Compressive Strength: 1350 - 3500 MPa, Elastic
Limit: 1350 - 3500 MPa, Modulus of Rupture: 1350 - 3500, Endurance Limit: 665 -
1950 MPa

At 1923 K; Modulus of Rupture: 47 MPa
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(J. R. J. Bennett et al., 2007 ttag G.P. Skoro et al., 2012)
2000

1600

1200

800

True stress (MPa)

400

0.04 0.08 0.12
True Strain

317 0.2 Stress-Strain 1INAINATOVUIINATAVBINAIAY (C.C. Zhu et al., 2016)
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Yield compressive strength (MPa)
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Temperature (°C)

3 19 n.3 Yield Compressive Strength YOINITAU (Michail Athanasakis et al., 2019)
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A1319N .5 qY

[

&0

u”ﬁm@mmm%’ammﬁmmu (Erik Lassner and Wolf - Dieter Schubert, 1999)

Thermal Expansion

Temperature Thermal Conductivity Specific Heat
Coefficient
[K] [W/m.K] [J/kg.K] [1/K] x 10°
293 174 132.33 4.49
300 174 132 4.50
400 159 137 4.61
600 137 142 4.75
800 125 145 4.87
1000 118 148 5.02
1200 113 152 5.26
1500 107 157 5.93
2000 100 167 6.42
2500 95 176 7.76
3400 90 218 11.60

A1319% 1.6 MIURTITLazANNS oUVENTIaIAY (S.W.H. Yih and C. T. Wang, 1979)

Temperature Radiated heat Emissivity

[°C] K] [W/m’] x 10"

3327 3600 3274 0.354
2927 3200 1970 0.341
2527 2800 1082 0.323
2127 2400 533 0.296
1727 2000 226 0.260
1327 1600 77.2 0.207
927 1200 18.7 0.143
527 800 2.38 0.088
127 400 0.042 0.042
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3) autiataane i

A v

anfatagmaIihdludefmuaanueinsovesiag l¥dmsums 14

q

A v

uma i Taoisaauiigng i (Electrode Potential) 11U 4.5 V nagliautiaiaanig

Tt Taun araninanudriumunaznisiin Wil Tasanudrunmiuldivesiaaau

A a ; J I a a [~ a [ a A a
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(Thomson Effect) LLa@AdAd lIn15199 1.7

A1519% 0.7 Aranudumu e sisainu (L. Abadlia et al., 2014)

Temperature Electrical Resistivity  Electrical Conductivity = Thermoelectric Power

(K] [Q'm]x 10" [S/m] x 10° [V/K] x 10°
273 4.82 20.75 0.56
293 5.50 18.18 1.44
300 5.54 18.05 1.53
400 8.05 12.42 4.65
500 10.70 9.35 7.58
600 13.35 7.49 10.75
800 18.85 531 15.51
1000 24.75 4.04 18.46
1200 30.95 3.23 20.06
1400 37.20 2.69 20.63
1800 44.68 2.24 19.15
2000 55.70 1.80

Temperature Coefficient of Resistivity: 0.0046 1/K, Electrical Conductivity: 31 % IACS

2.2 Copper (1d1aI02399)
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A13197 N.8 AUVATAAVINDAY (Bingying Wu et al., 2018)

Young’s Yield Ultimate Poisson’s Electrical Thermal Expansion Specific Thermal
Temperature Density

Modulus Strength Strength Ratio Resistance Coefficient Heat Conductivity
K] [kg/m’] [GPa] [MPa] [MPa] [Q.m]x 10" [1/K]x 10° [J/kg.K] [W/m.K]
293 8900 125.05 210.74 250.42 0.34 1.72 15.40 383.48 400.68
373 105.72 205.65 230.07 2.25 15.94 394.74 395.20
473 97.13 197.81 204.85 291 16.60 405.90 388.35
573 82.51 156.74 162.12 3.57 17.49 414.80 381.50
673 55.09 85.00 93.59 4.24 18.30 42242 374.65
773 33.82 26.32 70.00 4.90 19.10 429.76 367.80
873 25.36 10.00 30.00 5.56 20.00 437.82 360.96
1000 15.21 16.15 6.45 21.00 451.24 352.00
1073 13.45 6.89 21.60 460.07 347.26
1296 7.52 8.39 23.67 506.00 331.71
1356 7940 7.01
1473 7846
1573 7764

For Thermal; Melting Point: 1,083 °C, Solidus Temperature: 1,083 °C, Liquidus Temperature: 1,048 °C, Latent Heat of Fusion: 2.048 x 10° J/kg
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Abstract

Bonding Electrode uses for electronic cards circuit welding. Bonding Electrode is compressed on
copper wire circuit. After that, heat energy from electric energy releasing is used to melt copper wire
arcuit with electronic chips. This research presents the effects of pressing force and heating load on
usability and damage of Bonding Electrode. | used computer simulation by using Finite element Software
for static stress and thermal stress distributed. The results of computer simulation found that the
maximum stress was about 8:2689 MPa at the end of Bonding Electrode. Therefore, pressing force
during welding not occurs fracture.and permanent deformation. Moreover, the analysis of temperature
found that the maximum temperature was about 852.64°C and it occurred at the end of Bonding
Electrode that was higher than solderability state (390 C) but it was lower than melting point of copper
wire (1083°C). So, welding occurs while copper wire circuit is weakened but it not loses state to melting.
Keywords: Bonding Electrode, Electronic cards, Finite element, Welding, strength
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2.1 andaniRvasiaquatAManEMIIBM

vasw o
a1 suiRseianuazammIlEnurea
o

Material Tungsten

Density 18,000 kg/m’

Elastic modulus 1.24x10" Nim'

Poisson's ratio 0.28

Shear modulus 1.6%10 ' Nim’

Tensile strength 3.1x10° Nim’

Thermal expansion | 5x10° K"

coefficient

Thermal 200 W/imK

conductivity

Spedific heat 130 JikgK

Melting point 3480°C

Emissivity 0.07

Surface area 201 mm’

Electrical power raus =173 A, Vs = 0.8 V
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supplied

2 N normal load applied

Applied load

= [ e a
AITHN 2 @ruATan iﬂ LAZAMIWNI 11.1!4 THUE

ATRTI9T
Material Grade 1 Self Bonding
Polyurethane Enameled @
0.112 mm Copper Wire “5180°
Melting Point 1083.4£0.2°C
Yield strength | 2.58646%10° Nim~
Poisson's ratio | 0.33
Shear modulus | 4.1x10" Nim’
Density 8,900 kgim’
Thermal 380 WimK
Conductivity
Solderability 3005 C with dipping time of 2
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R=p— (2)
Pa

p fa danmarudun il
18607x10" Qm 7

{Resistivity)
P o - o
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Postion | Lmm) | Amm) | Reio((l
R1 10.80 2.30 B7.372
R2 0.90 2.04 8.200
R3a 0.60 1.71 6.548
R3b 0.70 1.63 7.900
R3c 0.74 1.63 8.447




89

murninmmeiaheim rnsefeanawinlssimnlng nie 20 ME ﬁ NETTZ28

CST-38
Rda 0.41 1.51 5.052
R4b 0.35 126 5.189
R4c 0.34 1.02 6.202
R4d 0.34 0.82 7.715
Rde 0.32 0.76 7.886
R4f 0.50 0.68 13.783
Sum 16.00 15.34 10.408

N . S : wod

AN TMETIMMIATRILTIR DAY (FBY
witvaamssauaas) dmanldidu

R_=2R +R, +R_+R_)

R__ =2(1.9408x10"'Q)=3.882x10"Q (3)
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Q=P_=116W (5)
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(wimday vl'mﬁwﬁunuvlé'nihni’uﬂnﬂquum

waw Lilvaandisuuas Inlanauanussmmen
mudmiuuodamialancsmunenasuasany

wisiadavynsthmadey tiznm v= 3485
km/h (9.68 mis) [1]qmwgﬁ§ouma’auﬂnﬁ Ty =
27C =300 K ua:qmuqﬁﬁwaouvim“ni‘mu
T,=1000°C =1273 K (tﬂuqquﬂﬁmninztﬁnﬁu
Iwmh:xnmm1ﬂna_mnaaumawammunﬁoi
finwinnu 1083°C "ua'liﬁ‘mnﬁngntiau) A
Safonmigom)iflay (Fim temperature: T,)

o . " - -
'Na:gnm'h}mmmmmauﬂa:amn‘nmmw

- o |
saulddai
T+T  1273K+300K
Ti=rtt = e i =T786.5K m

ﬁqmﬂqﬁﬂiu 7865 K n"una'nm'ldsjnn'lﬁsh

- - [ -
AUUAVAIUNG [2] muamlum'mn 4

o - ol -
AN 4 mu‘i'munanqmuqaﬂauna.s K

Specific Heat Capacity(c,) | 520 Jkg.K
Dynamic Viscosity (y) 4.6x10" kg/m.s
Thermal Conductivity (k) | 0.016 WimK
Prandtl Number (Pr) 1.495

Density (p) 1.784 kg/m’

Wedwmailiiduansos mawannufaukuy

sl Reynolds number(Re,) i'u‘f

e PVL, _ (1.784 kg/m? (9.68m/s)(0.016m)
T 4.6x10 "kg/m.s

R, =6006.65 ®8)

[

. P 4
AR Nuselt number (Nu) 1#asii

Nu=0.664Rc’Pr”  Pr206.Re S 10’

Nu = 0.664(6006.65)""(1.495)" =58.84 (9)
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N Nu = h Lk Fntuaansowidulinims n"mmmi\) maanaiauiidnduszininam
wawiauldnn anuiawuduliagy
i Nuk o 58.84(0.016W/m.K)
S 3 0.016m
h, =209.63W/m’K (10)
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- Electrical power | 1,.=173A V_.=08V
- Heat transfer h, = 200.63 W/m K

coefficient

- Ambient T.= 27°C (300 K)

temperature b o | - - R

71N 5 uauhm'nm'n:hmim:nuqnmnu
- Applied load 2 N normal force applied R N
t tip of the bonding - . w5

S 2.5 n111tn's'mi'm1mumm1u'§'mmua1a
electrode
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T,2300°C sniudald AT=T,T,=363°C iffamw
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ti‘auuam‘luzﬂﬁ 6 Rasudald
A=dxL=0.112mm* =0.112x10 ‘'m*
AL=d=0.112mm=0.112% 10"m
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Abstract. RFID tag manufacturing has one of the most important processes: the welding of the
circuit to the microchip. In this process, the electrode tip will press the circuit coil on the
microchip and then release the electrical power through the welding tip to heat up the welding
tip. The heat transfers to the circuit coil and then melted the ¢ircuit coil to microchip. The quality
of the welding depends on the efficiency of the electrodes used in which the welding tip that
have been used for a fong time will be less effective due 1o receiving repeated heat and force,
causing a stress on the welding tip. As aresult, the end of the weld tip is deformed. This research
studied the deformation behavior of welding electrodes under thermal-mechanical stress effect.
The study based on simulation with using finite element sofiware (MSC Marc). This leads to
improvement for further optimal shape design.

L. Introduction

Present the Radio Frequency Identification (RFID) is popular. Because high security in private data and
convenient to use. The major part of RFID is Transponder or Tag is act to stores data and sends signals
to the data reader. RFID tag manufacturing has one of the most important processes: the welding of the
circuit to the microchip. The quality of the welding depends on the efficiency of the clectrodes welding
used. RFID tag circuit is very small so welds must be small and must have a high precisiomin welding.
The electrode welding tip used to connect the circuit is a micro resistance spot welding. Micro resistance
spot welding is a group of micro joining processes [4]. Micro-resistance spot welding has been used to
join high temiperature microelectronic interconnects [5]. In this process, the clectrode tip will press the
circuit coil on the-microchip and then release the clectrical power through the tungsten welding. Effect
of electrical resistance in material and change of cross section for electrode welding to heat up. The heat
transfers to the circuitcoil and then'melted the circuit coil to microchip. Based on the principle above,
Electrode welding receiving repeated heat and force, causing a stress on the welding tip. As a result, the
end of the weld tip is deformed and will be less effective.
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2. Computational model

2.1. Governing equations
The governing equation for calculation of the heat gencration per unit volume may be shown as [1}:

=2
q = <[Ve] (1)
where g is the heat generation per unit, R is the electrical resistivity and U is the electrical potential.

For stress and strain analysis, since the thermal-clastic-plastic behavior is a highly nonlincar
phenomenon, the stress-strain relation is desenbed in incremental form [2]:

d{a} = [D)d{e} - {C}T (2)
where
(€)= =D (la}+ = ) 3)

[D] is the clastic—plastic matrix, in the elastic area {D] = [De], while in the plastic arca [D] = [De]-{Dp]. [De]
is the clastic matnix and [Dp] is the plastic matrix, & is the coefficient of thermal expansion.

2.2, Geometry and boundary conditions
Electrode welding is micro resistance spot welding type parallel gap will be melted the top material
connect to the material below and he material below should not be damaged.

Elecirode Force

!

-

micno-resisiance spot weldmg

Copper curcuit coil

Microchip plate

Figure 1. Schematic diagram for the model of micro-resistance spot welding.

In this process, the electrode welding will press the copper circuit eoil 0.1 mm to microchip in the desired
position to weld. Then applied the electrical current through the welding 170 A to heat up the welding
tip can melted copper coil circuit attached to microchip. Detach the electrical current, but still hold the
clectrode welding on cupper circuit coil. When detach 1s complete and then lift the electrode welding
from the weld to move position to welding the next point. As shown in the diagram of the Schematic of
the welding schedule. (Figure 2.)
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3.1. Temperature Distribution

Simulate of temperature distribution on the clectrode welding. When applied the electrical current
through the welding on time 0.25-0.45 s

Figure 3. Temperature dependent on time Figure 4. Temperature distribution

From the simulation of temperature distribution on the clectrode welding. Found, the temperature varies
with the duration of the electrical current time. When time increases the temperature is raised and applied
the current to times 0.2 s, the maximum temperature is 1.522 K occurs at the tip of the electrode welding.
Because it is a small area the flow resistance of the material is very high. This resulted in higher
temperatures than elsewhere in the same period.

3.2, Stress, Strain and Displacement

Simulation of behavior for Stress, Strain and Displacement 1s divided into 3 case to compare the results
from cach load, whichever type of load results in the most deformed electrode welding. Simulate with
Schematic of the welding schedule. (Figure 2.) But show the simulation results at 0.45 s is end of weld
time. Because 1t does not simulate the time on hold time. Since the weld time range is the most load,
this will cause the highest stress, strain and displacement.

(a) (h) (c)
Figure 5. Schematic of stress distribution on the micro-resistance spot welding. (a) Mechanical Load,
(b) Thermal Load and (¢) Thermal-Mechanical Load

From simulation of stress behavior on 3 case of electrode welding. Found, all 3 cases have the highest
stress and there is a dense distribution of stress at the tip of the clectrode welding. Because the tip of the
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electrode welding is the contact between the wire and microchip, and also the smallest. This area receive
the pressure and heat more than other area.
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Figure 6. A graph the comparnison between Mechanical load, Thermal load and Thermal-Mechanical
load in welding process.

From (a) Stress, (b) Strain, (¢ ) Stress-Strain and (d) Displacement when applied with force to the current
flowing through the welding head (weld time 0.25-0.45s). The result is Thermal-Mechanical load is
hagher than the other two cases and tends to correspond to Mechanical load and Thermal load. But the
cffect of the strain for trend line of the thermal-mechanical load is approach to the thermal load, so the
effect of the thermal expansion rate on the electrode welding. Displacement values €learly show that
case. The thermal-mechanical load 1s higher than the other load due to electrode welding pressures and
heat into action. This causes the weld head to expand laterally, rather than just pressing scveral times.
When the electrode welding has both pressure and expansion at the same time, Affect stress is higher
than pressure or heat alone. But the higher stress of this electrode welding'1s.not higher than the Yield
Strength of tungsten then electrade welding 15 not ‘damaged: But the clectrode welding has been
repeatedly pressure and heat for a long time this will result in electrode welding gradually deformed and
eventually lead to damage.

From the graph, compare the effect of load. . Found, (a) Stress of Mechanical Load approximate to

Stress of Thermal Load but Thermal-Mechanical Load is higher than other cases. It will gradually
increase over the load in both cases during the weld time. As a result, the stress of the Thermal-
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Mechanical Load is higher than other ranges. But the stress is still lower than the Yield Strength of
tungsten. (b) Strain of thermal load and thermal-mechanical load are very similar, but both loads are
higher than mechanical load. Can be seen that in simulate Thermal-Mechanical Load the strain that
occurs on all electrode welding. The result from the expansion of heat. (¢) Stress-strain of the thermal-
mechanical load is higher than that of other loads in weld time. (d) Displacement of Thermal-Mechanical
Load is highest. The result is a combination of mechanical and thermal load. When the electrode welding
is pressunzed, it will expand laterally but it is very small. And when the welding head is heated together
the clectrode welding is more than doubled. Of course, heat can have a significant effect on the
deformation of the electrode welding.

4. Conclusion

Deformation occurs on tip the electrode welding. The result of being heated during weld time because
the material is heated, its Yicld Strength will decrease with increasing temperature. When applied force
on clectrode welding is deformed at the tip of the electrode welding at high heated. Then heat causes the
welding head to expand and shrink when it is not heated. The RFID Tag welding process is heated and
cooled and welding head must expand and shrink for a long time. This results in fatigue in the material
and the clectrode welding may cause deformation. Therefore, heat is the main factor affecting the
deformation of the electrode welding.
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