LAMPIRAN



LAMPIRAN 1 Gambar Mesin Stationary Spot Welding

I
T
I

]

135 £ HAIWEND uonanpold 6

LU e+ T By Burieg)

WEEF0ZE-0L0 3215 WY L

HIUIEIES e WSS LONENIND JUROOZY [OLS-0 1 ENTL BV B
[LUALG = EOUTE Ao’ LU LUDE=BHOULE (B30 )]

[ p0a L AWop Bussad wnupmeph 150809 L cued Buissag |g

(/W LE-WOOTIM | BI0AUTT PIB
AFSIO BORION NaD CE

THOG [ ADRE "®f B0EI0A 1ML "2
{Aana] LAE0E-T 9 Bulued © |
3LON

qmml sy,..:-ﬁ_z:m.. ..__"_.m.,..””...L m DA | T T ey M R0E |
s D B I 40 e M el e
N L - S e -
[ ¥a m— \.“ LA —
A SpcmE) meaRy L | = Lol a1l B Y 3
s s Rl L1 ks Er el e L T o i _| [ |_ 2
TEEATT | -5 - e g S | o i)
TREND | v -mo e [} e o) b !
= ()= DTSR (I ey fasard | § it i _
T ] £ | » ‘\\\x® _ T H
[ o] 0 e o) 6 M -
o i T s s 8 H . B _|..mm | s Ri— &
O == KR A SO Ay | r 2 n—l =7 -.1 + ._ ..
TR | A AT £ # ey;.:r.,m wl............ uhl i
- L NG a6 ......1.1. rrrIrrJ. 1 ﬁ ' —
B (= R L v i e | A
00 T i - J Il “_ i
AT & | apon o S| N i H m 4
] o e 1) W i o
e ] 3 (w1 . e —a
AT~ B & |inaa M " @l[m . 1 e
i wm [ mewlw ] i = —_ I
s ai-na 7| oy || L_ f s
| o
{018-N) AL I 4 .V@
T i ! R = _—1}
t
Og |O;
O O,
: h
@ - — —®
o =5
[T w7

[3

70




71

K SO Y00 TR
I B E &)
e R e
o
| mam A s e amow
itia AT TR il
T OFAETT BATLY i wen o=
Tean| e | e o] v =
= e AN e i T i
HPTLS - i Y R
1F—o-JoeEe| i B
A0SR F 3 dl | §
SE-T0-ATEED AN AROT _“-E
i ] il )
B

H—
o

0 5 2

Lél=t

el

B




72

URTE k) P feom [ e sese -
W WSy wp | T SR T =
LT p e i
e | 1y A 1y e e T e e T
B A S
AT TES &
ST
BT
Em—n
HATWUD A9
e
_|mw..._ HIAANFS
H T
g
g M
i 3
. I
NOD 0335 ] m
dapundy Jn UNN TH4




:
" o [ Lo .a H
T. WER = Eis
'] v .
ram LY} §a| - |ya Sie wEy
) I
F 3T T | & ht
& M| § b4
W T | &
[i-se- - [CEnIE
S S 6 ]
TR o Fucai | &
A B (il 30 | & |
W BT T | 6 |
M S0 |0
[T o s | 11|
P il TRE |21
60N BT o ke ]
A s |1
S 4ot 9|

ISP

AT

EA
Wl WAL

73
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LAMPIRAN 3 Material Properties SUS 301

Stainkss Siedd - Grade 301 (UNS S30100)

Stainless Steel - Grade 301 (UNS S30100)

Oct 19 2001

Chemical Formula

Fe, =<0.15%C. 16-168%Cr, 6-8%Ni, <2%Mn, <1%5i, <0.045%P, <0.03%5

Introduction

Stainless steel grade 301 is usually supplied in the form of strips and wires, with a tensile
strength of up to 1800 Mpa, to produce tempers ranging from 1/16 Hard to Full Hard. By
subjecting grade 301 to conftrolled analysis it is capable of retaining sufficient ductility even
in % hard conditions. This form of grade 301 may be used in aircraft, rail car components
and architectural structures. Tempers of this grade, ranging from %4 to full hard, may be
used in applications requiring high wear resistance and spring features with simple form

designs.

Grade 301L, which is the low carbon form of grade 301, is the ideal choice for applications
that require good ductility. Grade 301LN is another variant. This contains a higher
percentage of nitrogen and exhibits a higher work harden rate compared to standard 301.
Only grade 301 is specified in ASTM AG66. 301L and 301LN are represented by other
conventions. Grade 301L is represented by JIS G4305 and 301LN by EN10088-2 as grade
1.4318.

Key Properties

The key properties listed in the below sections are for flat rolled products such as plate,
sheet and coil - specified as Grade ASTM ABEG. For other grades, EN10088.2 and
JISG4303, it is not necessary that the values and properties are identical.

Composition
Composition ranges of stainless steel grade 301 are tabulated below.
Table 1 - Composition ranges for 301 grade stainless stesel

Grade c Mn Si P s Cr Mo Ni M

Saved from URL: hitps:Mwww.amom.comiarticle asp? ArticlelD=080 n



Stanless Sieed - Grade 301 (UNS S30100)

301 min. - - - - - 16.0 6.0 -
ASTM AGEE max. 015 20 10 0045 0030 180 _ 80 0410
301L min. - - - - - 16.0 6.0 -
JIS G4305 max. 003 20 10 0045 0030 180 _ 80 020
1.4318/301LN min. - - - - - 16.5 6.0 010
EM 10088-2 max. 003 20 10 0045 0015 185 _ 8.0 020

Mechanical Properties

The mechanical properties of grade 301 stainless steels are listed in the table below. The
bend test is obtained around a diameter of the bend factor multiplied by the steel thickness.

Table 2 - Mechanical properties of 307 grade stainless steel

Bend Test
_ ) ) o (thickness >
Grade 301 Tensile Yield Strength Elengation (% in 1.2
.2Tmm)
Temper ASTM Strength 0.2% Proof (MPa) S0mm) ‘ :
ABGE {MPa) min. min. (thick.=0.T6mm) min.
Bend
acto
Angle (%)
Annealed 758 276 60 - -
1716 Hard 620 310 40 180 1
1/8 Hard 690 380 40 180 1
1/4 Hard 862 514 25 90 2
1/2 Hard 1034 758 18 90 2
3/4 Hard 1205 930 12 90 3
Saved from URL: hitps:ifwww.amom com/aticle. asp? Articlel D=560 E
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Stanless Sieed - Grade 301 (UNS S30100)

Full Hard 1276 965 9 a0 5

Physical Properties

Physical properties of grade 301 stainless steels are listed in the table below.
Table 3 - Physical properties of 301 grade stainless steel

Mean Coefficient of Thermal

) Thermal Expansion Conductivity Specific .
Elastic Electrical

sity (pmim/=C) (Wim.K) Heat 0- BT
Modulus 100°C Resistivity

(GPa) (nfl.mj)

_ _ at at (Jkg.K)
0-315°C0-338°C
100°C 500°C

Den
Grade

(kgim?)

301 7880 183 16.9 17.2 182 162 214 500 695

Grade Specification Comparison

Table 4 provides an approximate grade comparison for 301 stainless steels. The
comparisons given in the table are of functionally similar materials. (For exact equivalents,
the original specifications must be referred to).

Table 4 - Grade comparison for grade 301 stainless steel

Old British Euronorm
Grade UNS No Swedish 55 Japanese JIS

BS En Mo Name

301 S30100 301821 - 14310 X10CrNi18-8 2331 SUsS 301

Possible Alternative Grades

A list of the possible alternatives to grade 301 stainless steels is given in Table 5.

Table 5 - Possible alfernative grades to 301 grade stainless sfeel

GradeReason for choosing the alternate grade

Saved from URL: hitps:{fwww.azom.comiaricle asp? Asticlel D=060
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LAMPIRAN 3 Material Properties DIN 1.4003

Utility Fesritic Stainless Stesl: Grade 1.4003

Utility Ferritic Stainless Steel: Grade
1.4003

Sponsored by Aalco - Ferrous and Non-Fermous Metals Stochist Feb 4 2016

Stainless steel grade 1.4003 is a utility ferritic stainless steel and an alternative for
mild steel. It is supplied in the form of plate, sheet, and tube. Due to its numerous
benefits, 1.4003 stainless steel can be used in several applications across a wide
range of industries. It corresponds to designations 3CR12 and Nirosta 4003, but may

not be a direct equivalent.

Image Credit: Shutterstock/SimoneMN

It is a fact that 1.4003 stainless steel provides lower life-cycle costs than conventional
materials, where service conditions involve abrasion and/or corrosion. Compared to
conventional materials, there are options to minimize initial cost by excluding protective
coatings and corrosion allowances. Costs are further reduced as a result of less
maintenance, better productivity, and a considerably longer life. This stainless steel does
not contain major quantities of costly alloying elements, such as molybdenum and nickel,

s0 the cost of the material is lower than austenitic stainless steel and can be used as an

Saved from URL: hitps:fwww.azom.comianicle.aspe? Articlel D=12560
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Utility Fesritic Stainless Stesl: Grade 1.4003

alternative to these grades.

In damp or wet conditions where abrasive conditions exist, stainless steel grade 1.4003
provides superior performance by resisting comosion, maintaining good flow and slideability,
compared to low-alloy or non-alloyed steels, including abrasion resistant grades.

Benefits

The other benefits of using type 1.4003 stainless steel are listed below:

= High strength

= 230 times greater corrosion resistance than mild steel

= Exceptional impact resistance

» Can be welded by traditional technigues

= Can eliminate the need for protective coating

= Better performance at high temperatures

* Proven success in several applications across numerous indusiries

Chemical Composition

1.4003 Steel Spec: EN 10088-2:2005
Chemical Element

Carbon (C) 0.0 -0.03
Chromium (Cr) 10.50 - 12.50
Manganese (Mn) 0.0 -1.50

Silicon (Si) 0.0-1.00
Phosphorous (P) 0.0-0.04
Sulphur (S) 0.0 -0.02

Mickel (Mi) 0.30 - 1.00
Mitrogen (M) 0.0 -0.03

Iron (Fe) Balance
Properties

Density 7.74 gflem?
Meiting Point 1430-1510°C
Thermal Expansion 11.1-12.3 x 105K
Maodulus of Elasticity 200 GPa

Saved from URL: hitps:ifwww.azom.com/anicle.aspx ! ArticlelD=12565 E



Utility Fesritic Stainless Stesl: Grade 1.4003

Thermal Conductivity 30.5 Wim.K
Electrical Resistivity 0678 x10%Q.m
Sheet & Plate - Up to 13.5mm Thick Spec: EN 10088-2:2005
Mechanical Property Value

Proof Stress 280 Min MPa
Tensile Strength 450-650 MPa
Elongation A 20 Min %

Plate - Over 13.3mm to 23mm Thick Spec: EN 10088-2:2003
Mechanical Property Value

Proof Stress 250 Min MPa
Tensile Strength 450 - 650 MPa
Elongation A 18 Min %
Fabrication

Weldability - The fine-grained microstructure of type 1.4003 limits grain growth in the heat-

affected zone (HAZ) and allows highly reliable welds in section thicknesses up to 30 mm.
Ideal weld methods include GTAW, FCAW, SMAW, PAW, Spot, Laser, and Seam.

Strength and stiffness — It offers better strength, but equal structural stiffness to mild
steels, such as BSEN10113 Grade Fed30A (ASTM A36). Compared to aluminium, it offers
better impact and energy resistance. It acts similar to austenitic steel as it gradually yields

and does not reveal a clear yield point.

Coating and painting — As stainless steel type 1.4003 provides superior corrosion
resistance and exceptional abrasion resistance, it does not require coating or painting
systems to be applied to enhance performance. Painting may be desired only for aesthetic
reasons in some applications. The metal can resist corrosion even if the paint wears off. A
clean surface free of grease and other contamination is recommended before starting the
paint job. A primer coat is recommended for cold-rolled material, as it has a smoother
surface. In the case of hot rolled 1D finish material a single coat of paint will suffice.

Applications

1.4003 stainless steel can be used in the following scenarios:

= Cable trays

Saved from URL: hitps:ifwww.azom.com/anicle.aspx ! ArticlelD=12565
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STUDI LITERATUR PENGARUH PARAMETER PENGELASAN TERHADAF SIFAT
FISIK DAN MEKANIK PADA LAS TITIK (RESISTANCE SPOT WELDING)

*Haikal', Trivono®
Mahasiswa Jurusan Teknik Mesin, Fakultas Teknik, Universitas Scbelas Marct
Dosen Jurusan Teknik Mesin, Fakulias Teknik, Universitas Scbelas Maret
JL Ir. Sanami 36 A Kemtingan Surzkara 57126
*E-mail: haikal_kalkal@vahoo co.id

ABSTRACT

mmnﬂwmmuﬁemﬂm&!ﬂm_ﬁrm&m:&aﬂmﬁm
antomotive industry. Variows applications of dissimilar materials and thicknesses were
found in many spot welding provesses especially in the mamifachiure of car body. Thmmapnr
welding of dissimilar materials are generally more challenge than similar materials due to differences
in the physical, chemical, and mechanical properties of the base metals. Differences of materials have
an impact on heat input generated at the spot welding. Diameter of the weld nugger size is influenced
by several parameters such as electric current, welding time, different hipes of material, and the
thickness af the plate. Nugget diameter will influence on physical and mechanical properties weld such
as microsiruciure, shear sirength and hardness. For practical use, various indusirial standards have
recommended a minimun weld size for a given sheet thickness, mostly in the form of tables. For
example the American Welding Society (AWS), Societv of Automotive Engineering (SAE) and the
American National Standards Institmte (ANSI). They were only suitable to be apllied on the similar
metal and thickness joint because in this joint, symetrical nugget will be formed. Meanmwhile a tipe of
dmmﬂwnm“hf}mnaihywwﬁmgmﬂwﬂmﬂlmthmmu!um Hu'papa-
aims o review the resulls of researchs on the similar and dissi r e spot [ joint to
evaluate the use of similar metals weld parameters and standards on the dissimilar metals weld. It was
determined that parameters welding such as eleciric curremt, welding time, and the standard for
similar metals weld can not he applied on the dissimilar metals weld. The asymetrical mgget shape
decreased shear strength on the weld mwgget. The most imporfant factor that was considered on the
dissimilar metals weld to make high quality weld joint was nugget diameter. If the migget diameter
weld increased the strength of welding will increase.

Keywards: resistance spof welding, welding joint, similar metals, dissimilar metals

I. PENDAHULUAN

Resistance spot welding (RSW) merupakan proses pengelasan yang banyak dipunakan di industri otomotif
sepert pembuatan bodi kendaraan. Selan i, proses las tink i juga banyak digunakan di indusin elekiromk,
penerbangan, dan sektor nukhr. Pouranvar [1] mengatakan bahwa kendaraan modem mengandung 2000 sampar 5000
sambungan las tink. Proses RSW dipilih, karcna schagian besar bahan yang dipakai dalam proses perakitan bodi
kendaraan adalah plat tupis, schingga apabila menggunakan proscs las yang biasa (SAW, SMAW, dan lan schagainya).
maka material tersebut akan mengalami penurunan sifat mekanik. Keuntungan lainnya adalah proses pengerjaannya
membutuhkan waktu yang singl:at dan permukaan vang akan dilas asanya tidak perlu dibersihkan sebelum
pengclasan. Pengelasan titk juga dapat dimodifikasi dcnga.n menambahkan np]:kas: robotik schingga sangat efektif
untuk indusin vang menggunakan jalur produksi otematis dan produks: sccara massal. Metode las in1 juga cocok uniuk
produksi kecil, karena fleksibel, peralatan proses sederhana, biaya relatif murah dan pengelasan mudah untuk dikontrol.

Kualitas dan kekuatan hasal sambungan las ik sangat penting dalam kelayakan dan keamanan alat transportasi
schingza perlu dilakukan penclitan lebibh dalam. Penelitian tentang las tik telah banvak dilakukan olch penclin
terdahulu yang bertujuan untuk mengetahui parameter vang dapat mempengaruhi hasil las. Parameter las tink sangat
berpengaruh terhadap sifat fisik dan mekaniknya yang meliputi kemampuan menahan beban geser, kekerasan, dan
perubahan strukturmokro. Parameter yang mempengaruhi hasil pengelasan titik berdasarkan hasal berbagai penclitian
adalah kuat arus histrk, lama waktu pengelasan, jenis material, dan ketchalan plat.

Kcgagalan pada las tink dibagi menjadi 2 tipe vaitu Interfacial failure (1F) dan Pull owt failure (PF). Interfacial
failire merupakan kegagalan dalam pengelasan tink dimana terjadi kerusakan atau keretakan pada zona fusi. Pull ow
failire merupatan kegagalan dimana terjadi kerusakan pada daersh sckitar zona fusi schingga plat mengalami
kerusakan yaitu plat sobek. Pull out failure mcmpakan tipe kegagalan yang diharapkan oleh engineer karena memiliki
kemampuan menahan beban geser |ebih besar dibandingkan Inferfacial jailire. Paramcter terpenting dalam mencan
tipe kegapalan RSW adalah ukuran mugger las. Industri telsh merckomendasikan berbagai macam standar ukuran
minimal nugget las untuk ketebalan plat tertentu agar memudahkan dalam pengelasan. Standar tersebut antara lain
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ditunjukkan pada Gambar 3. Umumnya kegagalan pada las tink dibagi menjadi 2 tipe vaitu Inferfacial failere (1F) dan
Pull ot failure (PF). Interfacial failure merupakan kegzagalan dalam pengelasan tink dimana terjadi kerusakan atau
keretakan pada zona fusi. Sedangkan Pull owt failwre merupakan kepagalan dimana terjadi kerusakan pada dacrah
sckitar zona fusi schingga plat mengalami kerusakan yaitu plat sobek seperti pada Gambar 4. Pull owt failiure
merupakan tipe kegagalan yang dibutuhkan dalam design of mamufacture. Hal im dikarenakan tipe Pull owt failure
memuhiki deformasi plastik vang tinggi.
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Gambar 2. Pengaruh kuat arus histrik terhadap kedalaman las [1].

B a 0 1 12 i3 14

Welding Current (ki)
Gambar 3. Pengaruh kuat arus histnk pengelasan terhadap beban puncak [1].

Penclitan terhadap meiode pengelasan ok tidak hanya dilakukan dengan percobsan tetapn juga dapat
mengzunakan soffware. Penclitian tentang pengelasan itk menggunakan software telah dilakukan oleh Ninshu dan
Hidekazu [2] yang melakukan penclitian tentang pengaruh kuat arus listrik dan waktu pengelasan terhadap ukuran
nugge! pada proses las bk secara mumerical dan experiment. Peneliban i bertwjuan membandingkan hasal anahsa
menggunakan soffware FEM (Finite Elenvent Method) dengan hasil percobaan. Pengelasan menggunakan plat tipe baja
karbon tinggl dengan ketcbalan 0.7, 1.4, 1.8 mm. Pengelasan dilakukan dengan susunan plat 3 lapis dan gaya ]xnc]uaunn
elektroda konstan. Variasi arus listrik yang digunakan dalam pengelasan yaitu 5, 6, dan 7 kA, sedangkan vanasi waktu
yang digunakan yaitu 4, 5, 7, 10, 13, dan 17 debk. Dan hasil hasil penchtian menunjukkan bahwa mugger tidak
terbentuk sebelum 4 detik dan ukuran rugger mulal meningkat setelah 5 detik. Benikut adalah data vang dihasilkan dan
software FEM disajikan scperti terlthat pada Gambar 4. Gambar tersebut menunjukkan kuat arus lisink dan wakiu
pengelasan sangat berpengaruh terhadap ukuran nugget hasil las tink. Nugget hasil las akan berdampak pada sifat
mekamknya yartu kekuatan geser.

Penclitian mengzunakan safhvare juza pernah dilakukan olch Kong dkk [3] yang meclakukan penclitian tentang
rumerical uniuk kekuatan hasil las otk padn baja karbon rendah. Hasil penelinan menunjukkan bahwa meningkatmya
diameter migge! untuk dus plat sejenis berdampak terhadap meningkatnya kekuatan geser sambungan las tink.
Ketebalan plat juga berpengaruh terhadap menangkatnya kekuatan geser hasil las untuk plat dengan ketebalan yang
sama seperti ditunjukkan pada Gambar 5.

46 ROTASI - Vol. 15, No. 2, April 2013: 44-54
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LAMPIRAN 6 Spesimen Uji Setelah Dilakukan Pengelasan Resistansi Titik
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LAMPIRAN 7 Spesimen Uji Macro

M.m 95 95 10 10 10 905 765105
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LAMPIRAN 8 Proses Etsa Dengan Metode Pencelupan

Spesimen uji

® Larutan etsa
75% Hcl
25% HNo3
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LAMPIRAN 9. Cairan HCI dan HNO3 yang Digunakan Untuk Etsa
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LAMPIRAN 10. Proses Pengujian Tarik Spesimen
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