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propertiesof bobbintool and conventional friction
stir welded 7085-T7452 aluminum thick plate,
Journal of Materials Science & Technology, Vol. 34,
No. 1, pp.173-184,2018 . i
3- R. Kévani, B. Bagheri, F. Sharifi, M. Ketabchi,
M. Abbasi, Effects of pin angle and preheating on
temperature distribution during friction stir
welding operation, Transactions of Nonferrous
Metals Society of China, Vol. 23, No. 9, pp. 2708-
2713,2013. i o i
4-M.M. Moradi, H. Jamshidi Aval, R. Jamaati,
Experimental investigation on the effect of friction
stir _Weldlnlg grocess parameters in dissmilar
joining of AA2024-T 351 and AAG061-T 6 aluminum
alloys, Modares M echanicalEngineering, Vol. 16,
No.9, pp. 392-402, 2016 _

5- Khaled, Terry, july 2005, An outsider looks at
friction stir welding.

6-ASTM Standar d D638-02a, Standar d test method
for TensilePropertiesof Plastics. In: Annual book of
ASTM standard, 2002.
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AWS Classifications UNS
ASS ASSM Number C Mn si P s Ni Cr Mo
Nickel Steel Electrodes
ES016-C1  E5516C1  W22016 012 125 0.60 003 003 200275 - =
E%016-C] E6216-C1 —_ 012 0.60-1.20 0.80 0.03 0.03 2.00-2.75 — 0.30
ES8018-C1 E5518-C1 W22018 012 125 0.80 0.03 0.03 200-2.75 — —
E7015-CIL E4915-CIL  W22115 005 125 050 0.03 0.03 200-275 — -
E7016-CIL E4916-CIL  W22116 0.05 1.25 0.50 0.03 0.03 2.00-2.75 - —
E7018-CIL E4918-CIL W22118 005 125 0.50 0.03 0.03 200-275 — —
ES016-C2  E5516C2  W23016 0.12 125 0.60 0.03 0.03 300375 = =
ES01S-C2  ES518-C2  W23018 012 125 0.80 0.03 0.03 3.00-3.75 — —
E7015-C2L  E4915-C2L  W23115 0.05 125 0.50 0.03 0.03 3.00-3.75 — —
E7016-C2L E4916-C2L  W23116 0.05 125 0.50 0.03 0.03 3.00-3.75 — —
E7018-C2L E4918-C2L  W23118 0.05 125 0.50 0.03 0.03 3.00-3.75 — —
E8016-C3 E5516-C3 W21016 012 0.40-125 0.80 0.03 0.03 0.80-1.10 0.15 035
ES018-C3  ES5518-C3  W21018 012 0.40-125 0.80 0.03 0.03 0.80-1.10 015 035
E7018-C3L E4918-C3L  W20018 0.08 0.40-1.40 050 0.03 0.03 0.80-1.10 0.15 035
ES016-C4  ES516C4  W21916 0.10 125 0.60 0.03 0.03 1.10-2.00 — -
E8018-C4 E5518-C4 W21018 0.10 125 0.80 0.03 0.03 1.10-2.00 — —
E9015-CSL  E6215-CSL  W25018 005 0.40-1.00 050 0.03 0.03 6.00-7.25 — —
‘Weathering Steel Electrodes
E7018-W1 E4018-W1  W20018 012 0.40-0.70 040-0.70 0.025 0.025 020040 0.15-030 -
ESOISW2  E5518-W2  W20118 012 050130 035080 0.03 003 040080 045070 —
AWSABL.23;51 SAW gl 51 camsbion oS 5y 318 (o9 (o2 boods 5aIUT - & Jgur
Chemical Composition Requirements for Weld Metal
Weight Percent
Weld Metal | UNS
Designation Number C l Mn [ Si S r Cr Ni Mo Cu Other
Nil w21040 | 012 | 1.60 | 080 | 00255 0030 | 015 | 97| o35 | o3s | Ti*V+Ze
I 110 005
. , 2.00-

Ni2 w22040 | 012 | 160 | 080 [ 0025 0030 | — | 30| — | 035 —

Ni3 W23040 | 0.12 | 160 | 080 | 0025 | 0.030 | 0.5 23 — | 03 -

Nid w21250 | 014 | 160 | 080 | 0025 | 0030 | — | JI0| 049 | 03s —

Nis w2102 | 012 | 160 | 080 | 0025 [ o030 | — | 07| 80| o35 -

Ni6 w21042 | 014 | 160 | 080 | 0.025 | 0030 | — ‘I'-T:)L 0| 0as —
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Weld Metal Composition Requirements
Weld Metal (Weight Percent)
Composition UNS
Designator Number C Mn Si S P Ni Cr Mo , Al Cu
Nickel Steel Electrodes
Nil W2103X 0.12 1.75 0.80 0.030 0.030 0.80-1.10 0.15 0.35 0.05 1.8 —
Ni2 W2203X 0.2 1.50 080 0030 0030 175275 — — — 18" —
Ni3 W2303X 0.12 1.50 0.80 0.030 0.030 2.715-3.75 — — — 1.8 -
AWSA5.28 3| GMAW (gl cawbio b 592 o (o loounids 36T = A Jgurr
AWS Classification® Weight Percent
UNS4
A528 AS.28M Number C Mn Si P S Ni Cr Mo v T [Zr| Al | Cu
Nickel Steel Electrodes and Rods
ER80S-Nil ERS55S.Ni1 K11260 012 1.25 0.40.0.80 | 0.025 | 0.025 |0.80-1.10 0.15 035 005 — | —| = 035
ERS0S-Ni2 ER335-Ni2 K21240 0.12 125 040080 | 0.025 | 0.025 |200-2.75 —_— — —_ =0 — |[B=1 035
ERS80S-Ni3 ERSS5S-Ni3 K31240 012 125 0.20.0.80 | 0.025 | 0.025 | 3.00-3.75 -— —_ —_ — | —| — | 035
ER70S-Ni4 ER49S-Ni4 —_ 0.10 0.40-1.40 0.50 0.025 [ 0025 |4.004.75 0.15 035 0.05 — | —| — | 035
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-Guidance on the Welding of Weathering Stedls
BlueScope.

-Specification for Low-Alloy Steel Electrodes for
Shielded M etal ArcWelding, AW SAS.5.
-Specification for L ow-Alloy and ngl? Manganese
Sted Electrodes and Fluxes for Submerged Arc
Welding, AWSAS.23.

-Specification for Low-AI{l(\))/ Sted Elrctrodes and
Rodsfor GasShielded ArcWelding, AW SAS.28.
-Specification for L_OW-A|\|AO)/ Steel Elrctrodesfor
Flux Cored ArcWelding, AWSAS.29.

- Structural Welding Code- Sted, AWSD1.1.
-BrldgeWeldmg_C_ode_,AWSD1.5.

-Standard Specification for Structural Steel for
BridgesASTM A709. _

-Standard Specification for H|gh- Strength, Low-
Alloy Structural Steel, ASTM AZ242.

-Standard Specification for High Strength Low-
Alloy Structural Steel,up to 50ksi Minimum Yield
Point, With Atmosphreric Corrosion Resistance,
ASTMAB88.

-Standard Specification for Cold-Formed Welded
and Seamless _High-Strength, L ow-
Alloy  Structural = Tubing ith _ I'mproved
AtmosphericCorrosion Resistance, ASTM A847.
-Standard Specification for Steel, Sheet and Strip,
ngh- Strength, ) L ow-Alloy, Hot-Rolled
and Cold-Rolled, With Atmospheric Corrosion
Resistance, ASTM AG0G.
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-Weld for the outdoors : Welding Corten Steel,
Hobart Brothers.
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1-Maziasz, P.J., Swindeman, R.W., Shingledecker, J.P.,
Improving High-Temper ature Perfor mance of Austenitic
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Effect of diffusion bonding temperature on ©
microstructure properties of Zr/Ti interlayer in the
diffusion bonded joints of Zr702 to A516 steel

A. Pourjafar'®, R. nelgnol.ei'-‘a, S.R. Alavi Zaree'®, Kh. Ranjbar'®,

M ‘I‘nvnknh Shoushtari’
 Materials Science & Engincering, Faculty of Engincerng, Shabid Chamean Unisesiy of Abvaz,

Abstract
In this study, the effect of temperature on the microstructure and reactive fover ot e inetace
Setwsen th i nterlyerand the base metal elaed 0 he ifusion ma
low alloy stcel was investigated. The joining was done using the forig tchmiaue
st of 200, S50 . 10005 o 30 mites Pt Eoevon Seamig Electon
Mictoscope (FESEM) equipped it EDS analysis wasusedto investigae he microsrctue of
in various joints. Investigations showed that at all temperatures, with the diffusion
of atoms and_the e layer between e T nerlayer and 76702, o
3 thei . Thiee
Solid soltion phasesare dtetued i the boding imertace (e 1 B) s oy ad By 1t o
found that icresig the bording tempersure did ot cuse he formaion of new phases and
compounds in the interface and only increased the thickness of the reaction The
Imaturement of the thickncss of the reactve Jayer showed that the maximum and minimum
amounts of diffusion were 84 microns at 1000 °C and 64 microns at 900 °C respectively.
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