Table1 Parent metal composition

	Elements
	C
	Sn
	Zr
	Si
	Mn

	Wt%
	0.06
	4.37
	3.84
	0.42
	<.005

	Elements
	Cr
	Ni
	Mo
	Al
	Cu

	Wt%
	0.01
	0.008
	0.58
	5.72
	0.056

	Elements
	Fe
	Nb
	H
	O
	N

	Wt%
	0.015
	0.70
	11*
	944*
	19*


*Parts per million              

  β-transus: 1055oC

Table 2 Parent metal properties after heat treatment (STA)

	Notch tensile

strength

(MPa)
	Plain tensile strength

(MPa)
	Impact toughness

(J)
	Creep 

600oC/150Mpa

( %Strain after 100Hr’s)
	Stress Rapture

650oC/220MPa

(Life)

	1323,1502
	1144,1166
	7,8,8,8
	0.20-0.26,
	84-85 hrs


Table 3 Heat treatment designations
	Material
	Heat Treatment
	Designation

	Parent
	1020oC / 2 hr/OQ 
	(α+β)-ST

	Parent
	1020oC / 2 hr/OQ 

+ 700oC/ 2 hr/AC
	(α+β)-STA

	Weld
	+ 700oC/ 2 hr/AC

(Post weld Ageing)
	PWA


ST-Solution Treated 

STA-Solution Treated and Aged

OQ-Oil Quenching      

AC-Air Cooling
Table 4 Details of heat treatments of parent metal and welds

	Material
	Heat treatment
	Designation

	Parent metal

Parent metal

Weld

Weld

Weld

Weld

Weld
	1020oC / 2 hr/AC + 700oC/ 2 hr/AC

1020oC / 2 hr/OQ + 700oC/ 2 hr/AC

As-welded

1020oC / 20 min/AC + 700oC/ 2 hr/AC

1020oC / 2 hr/AC + 700oC/ 2 hr/AC

1020oC / 2 hr/OQ + 700 oC/ 2 hr/AC

700oC/ 2 hr/AC
	STA (AC)

STA (OQ)

AW

PWSTA 20min(AC)

PWSTA (AC)

PWSTA (OQ)

PWA


Table 5 Porosity parameters

	Nomenclature
	Definition
	Designation

	Size of pore

Maximum size of pore

Average pore area

Porosity index

Number of pores/Unit Area
	Diameter

Diameter of largest pore

Sum of the areas of pores/ number of pores

Area of pores/observed area (Ap/A0)

Number / area observed
	D

Dmax.

(Ap / N)=Aav

P
N/A0


Table.6 Mechanical Properties of Friction welded joints 

	Parent

 Material condition


	Condition 

of testing


	Properties

	
	
	Impact Toughness

(J)
	NTS

(MPa)
	Creep

600oC/150Mpa

Strain at 100Hr’s

Life

Strain to facture
	Stress Rapture

650oC/220MPa

(Life, Strain to facture)

	STA (OQ)


	AW


	12,12,13
	1506
	0.361%

140hrs,

0.455%
	14.9hrs


	STA (OQ)


	PWA
	6,6,6
	1386
	0.35%

160hrs

0.498

(Test interrupted)
	18.8hrs

	STA (AC)


	PWA
	-
	-
	0.32%

212.2hr’s

0.503%

(Test Interrupted)
	19.1hrs


Table.7 Mechanical properties of electron beam welds

	Parent 

Material condition


	Condition

 of testing


	Vel.

m/min


	Properties (E.B Welded)

	
	
	
	Impact Toughness

(J)
	NTS

(MPa)
	Creep

 Strain at

 100 hrs 

 (%) and Life(hr’s)
	Stress Rapture 

Life 

hrs



	STA (OQ)


	AW


	0.75
	10-13
	1611
	0.256-0.24

140-160( hr’s)
	23.5-43.8

	
	
	1.00
	10-12
	1638
	-
	-

	
	
	1.25
	06-14
	1674
	0.137-0.15

140-160 (hr’s) 
	19.2-24.9

	STA (OQ)


	PWA
	0.75
	04-06
	971
	0.173-0.222
-
	20.5-29.6
-

	
	
	1.00
	-
	-
	-
	-

	
	
	1.25
	06-07
	1455
	0.202-0.248

-
	22.2-25.2
-


Table.8  Property comparison of friction and electron beam welds.

	Property
	Condition
	Friction weld
	Electron beam weld

	NTS (MPa)


	AW
	1506
	1567-1674

	
	PWA
	1386
	1455-1620

	IMPACT TOUGHNESS (J)
	AW
	12-14
	10-14

	
	PWA
	6
	4-7

	CREEP 
( 100 Hr. % strain)


	AW
	0.361
	0.137-0.256

	
	PWA (AC)
	0.32
	-

	
	PWA (OQ)
	0.35
	0.173-0.248

	Stress rupture life (hr.)
	AW
	18.8
	19.2 – 43.8

	
	PWA (AC)
	19
	22-25

	
	PWA (OQ)
	14.9
	-


