
 

es
re
str
m
fo
m
ha
4 
wo
pa
di
pa
ve
 

sp

tu
fa
ex
m
ap
fo
ex
te
ve

H
flo
lim
fo

th
m
ho
ro
ra
le

 

In
Se
Ba
sit

H

Abstract—Fl
specially in d
quirements are 
rength. For la
achine were us

orming and w
anufacturing. D

ad developed 4 
rollers flow fo
ork pieces are
arameter such a
scussed. The e

arameters to qu
essels have been

Keywords—F
pindle speed, co

IGH PRES
many appl

ube is design
abrication met
xtrusion etc. F

manufacturing 
pplication. Hig
orming such a
xcellent surfa
chnique has 
ery fast. 

From previo
HPV are manu

ow forming m
mitation of pro
or production o

 A. Flow For

Flow formin
he temperatur

material recryst
ollow cylindr
otating mandr
adial) to outer
ngth and redu
Two directio

Sawitri P., Cdr. 
stitute (Public Or

ecretary of Defen
anmai Pakkret
ttha.s@dti.or.th, k

An
P

H

low forming i
defence techn
 high precision

arge pressure v
sed. In case of

welding of pre
Due to complic
meters length p

orming machine
e performed. 
as feed rate, sp
experimental re
uality of flow 
n made. 

Flow forming, 
old work. 

I. INT

SSURE VESS
lications and 
ned for prod
thod can be u

Flow forming 
of pressure

gh performanc
as high strengt
face finish. 

low tooling 

ous process, r
ufactured by fl
machine are co
oduct length, t
of a long rocke

rming Technol

ng is cold met
re of workpi
tallization tem

rical workpiec
rel, than appl
r surface of p
uce the thickne
on of flow form

Sittha S., and Kr
rganisation) Min
nce Building (C
t Nonthaburi 
kritsana.t@dti.or.

n Impr
Pressu

is widely used
ology industri

n, light weight, 
vessels, flow 
f long range ro

essure vessels 
cation of weldin
pressure vessel
e. Design and p
The optimizat

pindle speed an
esult shown rel
formed tube a

Pressure vessel

RODUCTION 

SELS or HPV
industrial. Hig

duction of H
used such as 
Technology is
 vessel, esp

ce of HPV can
th, high pressu
Considering 
and operation

rocket motor 
flow forming p
ommonly used
the welding pr
et motor [3].  

logy 

tal forming p
iece should 

mperature. The
ce called pref
ly compressi

preform by ro
ess to designe
ming can be d

ritsana T. are with
nistry of Defence
Changwattana) 4t

11120 (e-ma
.th). 

rovem
ure Ve

d in many ind
ies. Pressure 
seamless and o
forming by 3

ocket motor ca
have been u

ng process, res
ls without weld
preparation of 
tion of flow 
nd depth of cut
lation of flow 
and prototype p

l, four rollers, fe

V are widely 
gh strength th

HPV and var
forging, mac

s commonly u
pecially in d
n be obtained b
ure, light weig
in economi

n cost, chiple

case, conside
process and 3
d [1], [2]. Bec
rocess also ne

process which
not be lowe
e process star
form and fitt
on force (ax

ollers to incre
ed diameter. 
defined and sh

h the Defence Te
, Office of the P
th floor,  47/433
ail: sawitri.p@

ment of
essels

P. Sawitri, S

 

dustries, 
vessels 

optimum 
3 rollers 
ase flow 
used for 
earchers 

dment by 
preform 
forming 

t will be 
forming 
pressure 

feed rate, 

used in 
hin wall 
riety of 
chining, 
used for 
defence 
by flow 
ght and 
ic, this 
ess and 

ering as 
3 rollers 
cause of 
ecessary 

h means 
er than 
rts from 
ted into 
xial and 
ease the 

hown in 

chnology 
ermanent 
3 Moo 3 

@dti.or.th, 

Fig
tha
clo
dir
for

vo
an
eff
ma
co
be
use
con
cla
hig
illu

F

 

f Flow
by Fo

S. Cdr. Sittha

g. 1. Forward 
an the length 
ose end fram
rection of roll
r the tube long
 

Fig. 1 Sche
 
Design of pre

olume and ma
nd mechanism
fect to accur
achine have 
nfiguration. O
ginning of de
ed at prese
nfiguration fl
aimed that is 
gh productivi
ustrated in Fig
 

(a)    

Fig. 2 Schemat
roller (b) 

w Form
our Ro

a, T. Kritsana

flow forming
of mandrel. T

me and deform
er feed rate. B
ger than the le

matics of forwa

eform tube is b
aterial flow fo
. The configur
racy of the 

been desi
One and two 
evelopment an
ent. Four ro
flow forming 
optimum in t
ity. Comparis
g. 2. 

          (b)  

ics of force of r
Two rollers(c) 

ming P
ollers M

a  

g is suitable fo
The preform 
med material 
Backward flow
ength of the m

ard and backwa

based on the p
ormability dep
ration and geo
product [4]-

igned with 
rollers machi

nd three roller
ollers machin

concept and
erms of balan
sons of rolle

       (c)

roller in each co
Three rollers (d

Proces
Machi

or the tube no 
should be op
move in the

w forming is s
mandrel  

ard flow formin

principle of co
pends on pro
ometry of roll
-[7]. Flow fo

variety of 
ne were built

rs machine is 
ne is the m
d the manuf
nce roller forc
er configuratio

)      

onfiguration (a)
d) Four rollers

ss for 
ine 

longer 
en and 
e same 
uitable 

 

ng 

onstant 
operties 
ler also 
orming 

roller 
t at the 
widely 

modern 
facturer 
ces and 
on are 

 

(d) 

) One 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:8, No:9, 2014 

1525International Scholarly and Scientific Research & Innovation 8(9) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
9,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

92
46

.p
df



9

9

A

 

ve
sh
ae
re
ar
fo
m
re
m

m
Bu
pr
pr
pr
w
at
pr

ap
an
ro
str
th
re
th

Material 

HY steel: 

HY-80 

HY-130/150 

Low alloy steel: 

4130 

4335V 

D6aC 

Maraging steel: 

Grade 200 

Grade 250 

Grade 300 

HP steel: 

9 Ni-4 Co-0.250 

9 Ni-4 Co-0.450 

Titanium: 

Ti-6Al-4V 

Aluminum alloys:

2000 Series 

5000 Series 

6000 Series 

7000 Series 

B. Material 

Varieties of 
essel. Groups 
hown in Table
erospace airc
equirement. In
re chooses f
orming techno

material to me
eviews, AISI 4

motor case man

II.

A. Experimen

In previous 
machine for 2 p

ut the weldi
reparing, weld
rocess to redu
revious proces

welding proces
t length of 430
rocess and the

From requir
pproximately 
nd 3.5 mm w
ollers CNC fl
rength of ma

hickness reduc
eduction of tub
hickness or per

Design yie
strength [k

 

80 

130-150

 

150-180

180-200

180-240

 

200 

240 

280 

 

180-220

260-300

 

150 

:  

36-65 

30-40 

37-47 

60-68 

f materials ar
of material u

e I. Titanium 
craft due to 
n defence indu
for rocket m
ology can im
eet the requi
4130 steel is c
nufacturing [1

. EXPERIMENT

nt 

process, the 
pieces after th
ng process u

ding and test a
uce cost and tim
ss Hence, we
s and x-ray te
00 mm. The c

e new process 
rement of stu
300 mm out
all thickness 
low forming 
aterials by co
ction can be u
be wall thickn
rform were ca

PROP

eld 
ksi] 

Modulus
100

0 

0 

0 

0 

0 

0 

re used for 
used for aeros
and Aluminu
its light w

ustry, high stre
motor case pr
mprove mech
irement [8]-[
commonly us
2]-[14]. 

T AND MEASUR

tube produce
hat connect it 
use more tim
and has more 
me, also elim

e design a new
est off and pro
comparative b
are illustrated

udied, pressur
tside diamete
need to be fl
machine was
ld work, the 

used, for this s
ness have been
alculated as [1

PERTIES OF MATE

s of elasticity, 
00 [ksi] 

 

29.5 

29.5 

 

29.0 

29.0 

29.0 

 

27.5 

27.5 

27.5 

 

28.5 

28.5 

 

16.0 

 

10.3 

10.3 

10.3 

10.3 

production p
space applicat
um alloys are 
weight and s
ength, low allo
roduction an

hanical proper
11]. From lit
sed in military

REMENT 

ed by flow f
together by w

me about 6 
defect. For Im

minate defect fr
w process by 
oduce a long t
between the p
d in Fig. 3. 
re vessel tub
r, 4,300 mm

low formed an
s used. To im
rang about 8

study selected
n designed and
5]: 

 

TABLE I 
ERIALS USED FOR

Density [lb/in3]

 

0.285 

0.285 

 

0.283 

0.283 

0.283 

 

0.289 

0.289 

0.289 

 

0.28 

0.28 

 

0.167 

 

0.10 

0.10 

0.10 

0.10 

pressure 
tion are 
used in 

strength 
oy steel 
d flow 
rties of 
terature 

y rocket 

forming 
welding. 
hrs for 
mprove 
rom the 
cut the 

the tube 
previous 

be with 
m length 

nd four 
mprove 
80-84% 
d 82.5% 
d initial 

wh
pe
thi

als

 
wh
ou
of 
are

 
R AEROSPACE APP

Heat tr

Quench a

Quench a

Solution an

Quench a

Solution an

Solution heat 

No heat 

Solution heat 

Solution heat 

 
here   is th
rform thickne
ickness reduct
 

Fig. 3 S
 
By theoretica

so can be com
 

              

here presents 
utside diamete
f perform. An
e illustrated in

PLICATION 

reatment 

 

and temper 

 

 

and temper 

 

 

 

nneal and age 

 

 

 

and temper 

 

 

nneal and age 

 

anneal and age 

treatment 

anneal and age 

anneal and age 

he initial pre
ess after def
tion of the pre

Schematic of th

al of constant
mputed as.  

 

flow formed 
r,  is the In

nd dimension 
n Fig. 4. 

No heat tre

Heat treatmen

Age on

Heat treatmen
for

Age before w

Heat treatmen

Heat treatmen

Resista

              

eform thickne
formation, 
eform.  

he process of pr

t volume, dim

  

tube,  is the
side diameter 
of preform t

Remarks 

 

eatment required a
welding 

 

nt required after w

 

nly after welding

 

 

 

nt required after w
r 0.450 alloy 

 
weld; stress-reliev

welding 
 

nt required after w

 

nt required after w

ance welding only

                     

ess,   is the
 is the perc

roduce HPV 

mension of p

         

e preform,  
and  is the L

tube after com

after 

welding 

welding 

ve after 

welding 

welding 

y 

      (1) 

e final 
centage 

 

erform 

     (2) 

 is the 
Length 
mputed 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:8, No:9, 2014 

1526International Scholarly and Scientific Research & Innovation 8(9) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
9,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

92
46

.p
df



fo
w
pe
pe
th
co

pr
ha
fe
flo
80
re
an

ra
as
fe
th
12
ex

Fig. 4 Prefo
 
This experim

orward flow f
were designed
ercentage in 
ercent of thi
hickness redu
ompress the m

 

THE PROGRAM D

Pass No. 

B
thi

p

1 

2 

3 

4 

 

Two factors,
rocess were s
ave been used
eed rate and sp
ow formed tu
0 – 120 rpm s
esult are show
nd -1 is unacce

 

THE RESULT 

Param
Feed rate 
[mm/min] 

60 

60 

8 

8 

34 

 
The result d

ate and spindle
s surface and 
eed rate and s
hickness and s
20 rpm spin
xperiment.  

rm dimensions 

ment used 4 p
forming and o
d by CNC p

each pass ar
ickness reduc
uction [16] b
material movem

TA
DESIGN FOR THICK

P
Beginning 
ickness of 
preform 

[mm] 

Pro
th

20.0 

11.8 

8.2 

5.3 

, feed rate an
studied. Facto
d to solve th
pindle speed t
ube. The rang
spindle speed 

wn in Table III
eptable intera

TA
OF TESTING PARA

meter 
Spindle speed

[rpm] 
120 

80 

80 

120 

100 

demonstrated t
e speed are ef
thickness and
spindle speed
surface roughn
ndle speed p

in millimeter f

passes flow fo
one pass back

program and 
re shown in 
ction should 
because it’s 
ment. 

ABLE II  
KNESS IN EACH P

PROCESS 

ogrammed 
hickness 
[mm] 

Des
Th
re

11.8 4

8.2 3

5.3 3

3.5 3

nd spindle spe
orial Design 
he effect and 
to thickness an
e of 60-80 m
were used to 
. And Fig. 5 w
ction. 

ABLE III 
AMETER WITH THE

d 
surface

1 

-1 

-1 

-1 

-1 

that in Figs. 
ffect with the 
d Figs. 5 (c), (
d are also aff
ness. Feed rat
arameters wi

 

for this experim

orming. Three
kward flow f
thickness re
Table II. De
be less tha
used less fo

PASS OF FLOW FO

signed % 
hickness 
eduction 

% T
red

(Cum

41.0% 4

30.5% 3

35.4% 7

34.0% 8

eed, of flow f
in Minitab p
interaction b

nd surface qu
mm/min feed r

investigated 
where 1 is acc

E QUALITY OF TU

Result 

e thick

-

-

-

-

5 (a), (b) eac
quality of tub

(d) the interac
fect to flow f
te of 60 mm/m
ill be used 

 

 

ment 

e passes 
forming 
duction 
esigned 

an 67% 
orce to 

ORMING 

Thickness 
duction 
mulative) 

41.0% 

30.5% 

73.5% 

82.5% 

forming 
program 
between 
uality of 
rate and 
and the 

ceptable 

UBE 

kness 

1 

-1 

-1 

-1 

-1 

ch feed 
be such 
ction of 
forming 
min and 
in this 

F

 

 

 

ig. 5 The interac
Effects Plot fo
Interaction Pl

ction of two fact
or Surface (b) M
lot for Surface (

(a) 
 

(b) 
 

(c) 
 

(d) 

tors for surface a
Main Effect Plo
(d) Interaction P

and thickness (a)
ot for Thickness
Plot for Thickn

 

 

 

 

) Main 
s (c) 
ness 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:8, No:9, 2014 

1527International Scholarly and Scientific Research & Innovation 8(9) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
9,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

92
46

.p
df



su
flo
al
H
3,
pa

in
m
Th
av
th
pa
be
fo
of
va
m
pr

flo

T
hi

ck
ne

ss
(m

m
)

Pass No. 

1 

2 

3 

4 

P 

 
B. Measurem

From sampl
urface hardnes
ow forming. 
lso test in circ

HPV, hydrostat
,190 psi and 
arameter of flo

The wall thi
n Rockwell C

measured and t
he thickness r
verage thickn
han program v
ass through 
etween progr
orming proces
f thickness in 
alues about 1

measured valu
rogrammed va

 

Fig. 6 The com

 
It can be con

ow forming p

0

3

6

9

12

15

1

T
hi

ck
ne

ss
 (

m
m

)

Pa

1.8

Beginn
thicknes

preform [
20.0

13.6

9.9 

6.6 

 

Previous Process

New Process 

ment 

les, the meas
ss of work pie
The tensile st

cumferential d
tic test with e
burst test we
ow forming w

III. RESULT

ckness of the
C scale from
the average v
reduction per

nesses in each
values shown 

the rollers. 
ammed and 

ss are shown i
pass 1 and 2 a

1.9 and 1.7 m
ues of thick
alues.  

mparative of per
formi

nsidered that s
process is rel

2

ass of Flow Formi

1.5

8

THE RESULTS OF

ning 
ss of 
[mm] 

Pr
thic

0 

6 

 

THE COMPARAT

Hardne

s 2

3

surement of 
ece were perfo
trength of fin

direction. Due 
expecting pres
ere performed

work piece [17

S AND DISCUS

 work piece a
m each flow 
values are illu
rcentages are 
h flow forme
the spring ba
The compa

measured in 
in Fig. 6 and 
are different fr
mm but durin
kness are sli

rcentage thickn
ing process 

spring back o
lated to the d

3 4

ing Program

1.3

0.

F THICKNESS AND

rogrammed 
ckness [mm] 

11.8 

8.2 

5.3 

3.5 

TIVE OF THE RESU

ess [HRC] T

29.0 

33.0 

all dimensio
ormed in each 
nal flow forme

to application
ssure of 220 M
d by using th
7], [18]. 

SSION 

and surface h
formed pass

ustrated in Ta
also calculate

ed passes are 
ack of materia
arative of th

each pass o
the measured

from the progr
ng pass 3 and
ightly close 

ess reduction o

f material dur
depth of cut i

Program
thicknes

Measure
thicknes

.1

 

TABLE IV
D HARDNESS IN E

Measured 
thickness [mm

13.6 

9.7 

6.6 

3.6 

TABLE V
ULTS BETWEEN P

Tensile Strength [

934 

984 

ons and 
pass of 
ed tube 
n of the 
MPa or 

he same 

ardness 
ses are 

able IV. 
ed. The 

higher 
als after 
hickness 
of flow 
d values 
rammed 
d 4 the 
to the 

 

f flow 

ring the 
in each 

pa
clo
the
illu
eac
raw
app
pre
MP
can
pro
pro

1)

2)

3)

4)

1)

2)

[1]

[2]

[3]

mmed 
ss (mm)

ed 
ss (mm)

V 
EACH PASS OF FLO

m] 
Final ha

[HR

16

20

24

33

V  
PREVIOUS PROCES

MPa] Hydro

ass. Anyway, 
osed to the d
e comparison 
ustrated in Ta
ch pass and t
w material y
proximately 
evious proces
Pa is accepted
n be proved 
ocess achiev
operty and bet

This experim
Interaction 
related with
At 82.5% re
mechanical
Tensile stre
5.5% from 
Improveme
manufactur

For manufa
speed shoul
Interaction 
cut, spring
thickness re

Peter Groche,
forming man
International J
p.1261-1265.
Luciano Pessa
“Finite elemen
Journal of M
No.2/3, p.218 
M. Sivanandin
A Review, Int
Vol.3, Issue 5,

OW FORMING PRO

ardness 
RC] 

%

6.9 

0.9 

4.7 

3.0 

SS AND NEW PRO

 static test at 22 M

Pass 

Pass 

in the final p
esigned dime
between prev

able V. Hardn
the strength i
yield strength
44.38% imp

ss approximat
d and burst p
that the flow

ed the mini
tter than previ

IV. CO

ment can be con
between fee

h the quality o
eduction of th
l property requ
ength of the 
the previous p

ents of the new
ring cost and s

V.  FUT

acturing, a hig
ld be studied.
with other fa

g back and 
eduction etc. 

REFE

, David Fritsche
nufacturing pro
Journal of Machi

anha Moreira, Ge
nt analysis of the 
Mechatronic and

-231. 
ni, S.S. Dhami, B
ternational Journ
, p.1-11. 

OCESS 

% Thickness 
reduction  

32.0% 

27.2% 

33.3% 

45.5% 

CESS 

MPa. Burst T

2

2

pass, the tube 
ension and can
vious process 
ness of work p
in final pass 
h of 547.6 M
provement an
tely 5.5%. Hy
pressure of 36
w forming p
mum the ex
ious process. 

ONCLUSION 

ncluded that 
ed rate and 

of tube. 
hickness is suf
uirement. 
new process 

process. 
w process inc
shorten proces

TURE WORK 

gher level of f

ctors should b
the optimum

ERENCES  
e, “Application 

ocess for inter
ine Tools & Man

eovani Rodrigue
tube flow formin

d Manufacturing

B.S.Pabla, 2012, 
nal of Scientific &

% Thickne
reduction

(cumulativ
32.0%

50.5%

67.0%

82.0%

Test [MPa] 

23.4 

23.9 

wall thickne
n be accepted
and new proc
piece is increa
also increased
MPa to 984 
nd also more
ydrostatic test
611 psi or 24.
parameters an
xpected mech

spindle spee

fficient for min

is increasing

clude no defec
ss time. 

feed rate and s

be study as de
m value of p

and modelling 
rtally geared w
nufacturing, 2006

s, Luiz C. Rolim
ng process”, Inter

g Systems, 2008

Flow Forming o
& Engineering R

ss 
n 
e) 

ess was 
d. And 

cess are 
ased in 
d from 

MPa, 
e than 
t of 22 
9 MPa 

nd new 
hanical 

ed are 

nimum 

g about 

ct, less 

spindle 

epth of 
percent 

of flow 
wheels”, 

6, No.46, 

m Lopes, 
rnational 
, Vol.1, 

f Tubes-
Research, 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:8, No:9, 2014 

1528International Scholarly and Scientific Research & Innovation 8(9) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
9,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

92
46

.p
df



 

[4] M lakshmana Rao, Dr T V L N Rao, M V Ramana, Dr C S K P Rao, 
2008, A Study on the Influence of Flow Forming Parameters of 
Maraging Steel Tubes, IE(I) Journal-PR, Vol.89, p.10-13. 

[5] Hamid R. Molladavoudi, Faramarz Djavanroodi, 2011, Experimental 
study of thickness reduction effects on mechanical properties and 
spinning accuracy of aluminum 7075-O, during flow forming, 
International Journal Advance Manufacturing Technology, Vol.52, 
p.949-957. 

[6] C.C. Wong, J. Lin, T.A. Dean, 2005, Effects of roller path and geometry 
on the flow forming of solid cylindrical components, Journal of 
Materials Processing Technology, Vol.167, p.344-353. 

[7] M.J. Roy, D.M. Maijer, Robert J. Klassen, J.T. Wood, E. Schost, 2010, 
Analytical solution of the tooling/workpiece contact interface shape 
during a flow forming operation, Journal of Materials Processing 
Technology, Vol.210, p.1976-1985. 

[8] Bikramjit Podder, Chandan Mondal, K. Ramesh Kumar, D.R. Yadav, 
2012, Effect of perform heat treatment on the flow formability and 
mechanical properties of AISI4340 steel, Materials and Design, Vol.37, 
p.174-181. 

[9] S. Sittha, S. Thanapong, N. Teerapong, 2013, A Study of Materials for 
Pressure Vessel in Defense industries, Word Academy of Science, 
Engineering and Technology, Issue 81, p.643-647. 

[10] S. Sittha, K. Nattapat, P. Sawitri, 2011, Manufacturing of Rocket Motor 
Case by Flow Forming Technology, Dtech, Vol. 1 Issue 1, p.94-102.  

[11] National Aeronautics and Space Administration: Solid Rocket Motor 
Metal Cases, NASA SP-8025, 1970, p.17-20. 

[12] K.M. Rajan and K. Narasimhan, 2002, An Approach to Selection of 
Material and Manufacturing Processes for Rocket Motor Cases Using 
Weighted Performance Index, Journal of Material Engineering and 
Performance, Vol.11, p.444-449. 

[13] K.M. Rajan and K. Narasimhan, 2003, Failure Studies on Flow Formed 
High Strength Pressure Vessel: A Case Study, Journal of Pressure 
Vessel Technology, Vol.125, p.253-259. 

[14] Steverding, B.:The Feasibility of High Strength Alloys for Rocket Motor 
Cases, Metallugia, p.55-59, 1963. 

[15] K.M. Rajan, P.U. Deshpande, K. Narasimhan, “Effect of heat treatment 
of perform on the mechanical properties of flow formed AISI 4130 Steel 
Tubes – a theoretical and experimental assessment”, Journal of 
Materials Processing Technology, Vol.125, p.503-511. 

[16] M. Jahazi, G. Ebrahimi, “The influence of flow-forming parameters and 
microstructure on the quality of a D6ac steel”, Journal of Materials 
Processing Technology, 2000, Vol.103, p.362-366. 

[17] K.M. Rajan, P.U. Deshpande, K. Narasimhan, 2002, Experimental 
studies on bursting pressure of thin-walled flow formed pressure vessels, 
Journal of Materials Processing Technology, Vol.125-126, p.228-234. 

[18] K.M. Rajan and K. Narasimhan, 2001, An Investigation of the 
Development of Defects During Flow Forming of High Strength Thin 
Wall Steel Tubes, Practical Failure Analysis, Vol.1(5), p.69-76. 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:8, No:9, 2014 

1529International Scholarly and Scientific Research & Innovation 8(9) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
9,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

92
46

.p
df


