creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 21031-200000224845

BN FHAER

Elbows) Q13 A& mHlX=
AzE3e] IF

201949 8¢

BAWSE Aerg

o

A
=

33}

7 % 3



BN FHAER

Elbows) Q13 A& mHlX=
AzE3e] IF

Aewdd A3 5

o] EES FHAA FALEOE AST.
2019 8¢

Byt A Yy

o

A
=

33}

7 % 3



joH
il
ol
alg
HJ
of
_Gﬁ

ra
_Gﬁ
Ho
o)
X
_Gﬁ

o

8

3

e

2019

<]

_CH

<]

_CH



Ja
i
—'-l

A DSETACE  w v v s s rrrr ittt i i e e e ii
L. A B rre i s 1
2. A HEE 5
2.1 /\]g_ ‘;_l /\]t'g_\;ﬂi ..................................................... 6
2. 2 G A ] 6
2.3 UAIRA FFF e e 6
2.4 X-A _ﬂ@/\]t‘g ..................................................... 7
2.5 ?l;g- /Ké%é Z;xé ..................................................... 7
3 /é]_t@@‘l ‘;‘l j_@— ...................................................... 9
31 Az nAEe A



Effect of Manufacturing Process on Tensile Properties of Elbow

Manufactured

Department of Metallurgical Engineering, The Graduate School,
Pukyong National University

Abstract

The following conclusions have been reached by evaluating and
comparing microstructure, tensile properties of each part of Elbow, which
1s manufactured through the cold and the hot-expanding forming using
304Lseamless and welded pipe. Hot-expanding formed specimen showed
the presence of austenite single-phase, while the cold displayed the
presence of some martensite in austenite structure. This result was
obtained from 304L Elbow before heat treatment. Heat treated Elbows after
the cold and the hot-expanding forming also consist of austenite
single-phase. It can be well known that martensite produced by cold
forming i1s all inversely transformed into austenite, and therefore there is
no difference in microstructure of specimens regardless of heat treatment
and forming methods. Grains of the cold formed specimen are larger than
that of hot-expanding, which is mainly attributed to a growing of grain.

The growing of grain was caused by heat treatment after the cold and
hot-expanding forming. The cold formed specimen displayed higher

strength but lower elongation than hot-expanding specimen before heat



treatment. This is clearly attributed to transformation of some austenite
into martensite, dislocation, and vacancy generated during heat treatment.
The Elbows subjected to the heat treatment after the cold and the
hot-expanding forming exhibit no significant difference in tensile strength,
elongation regardless of forming methods. Microstructures remained
unchanged regardless of forming methods. The Elbows manufactured using
the Seamless Pipe and the Welded Pipe display no significant difference in
tensile strength, while elongation have a tendency to be lowered in the
Welded Pipe than in the Seamless, but the difference can be negligible by
heat treatment. No significant difference in strength is not located in both
the Seamless Pipe and the Welded before and after heat treatment.
However, elongation is slightly lower in the Welded than the Seamless
before heat treatment, after which the difference is negligible. In
conclusion, it can be found that there is no significant difference in
structures and tensile properties between the Elbows produced the cold and

the hot-expanding forming.






v Zoll A8% 11 9+ Butt-welding type Elbow 304L % 316L %

% e esdHUelEA AN sYE AST] T2 U FFoR

dPe thg 183t At FAHSE AFsta k. Wi E I3
o ¢]3] ElbowZ A|Z3A = A% Elbow A& X4 AEA o]
T, FHAEHTE mE sk, AR AA TtE T Aol 28 glr] wiel
M2 3 22 AuE g §le Buk ol FAo dd F9
FHE AYx glgt?

n 2 ElALO| EE 297 u} 2 8l A} o] E (Deformation Induced
Martensite)2} &t} @Y wdk o] w mlEZEIAlo]EE A A A HA
(BCT) ZAFZE Z& o -VE2HXolES} 2 SWAHS Z2te e-vf

2uAolER AGEAT FHA AP EE slzeolE: ¥ ]

25 Qo B4 BRAS Aa, dRE MR wA sud A

e gAY war ol o thal Atdstel fuysis 1

.

.

-



gt
il
e i
~ _1_.0 Hlo = W=
%%%%ﬂ7lu_€~r§
> T T
@H;;Eof R
T W b w o= TS TR
f— ‘._mm._ G 0 ~ m UW ,WH o E.‘#
oF o o o _dﬂ k- _1_10 HOI M ﬂ io _,i - i
,mEl o T H.WL 1: ,._ ] ‘Ul yAO ,_ﬂ_l —_ m_x —_ EO X
odp H o T RN ~ 1 o B
B o) W o D momomnﬂo 5K Homuﬂlﬁ
Ho T RN o e Ho 7 N
n_/ngema Jnﬂmzo_:idmﬁx ﬂLiworEJ
%o W@Mﬂwﬂmlﬂw% ] I
5 K 3 = ° 3 o < Ho o BO N B
X 0 H;l OE sl —
=0 = L= ¥ do M =i e = K Mo
- M — o ™ f g’ ® x ~y = W po
o o H ‘HOI g =) T KT = NN (5 '
I 3o ~ M = 0| blo X0 M i, 70
= N oy N o/ Y o o Mk X
v_:o:zmgam:oﬂ i ™ 2
T B G 5 ) =t —— Qo = ojn oA R
ﬁ@r%%}%zﬁyéxal% ﬁﬂ%m
ry S~y 7O ml_ L= B Ay T = | Trems —— . Mo '\,
S Loy P A A i A B N o
W zﬁﬂﬂﬂﬂ1zvﬁﬂxﬂ ]
N i M T — E.u i _i N 3 D 3 = L
J W k) Y o — n_AIO 0 ‘mﬂ ﬂ T o
w8 T — T © X \, N =~ o N
e e g T 2L Es
— _m o Ho z.e T Pjo N X o) T o0 2 g.; B
~ 3o — oy = l Gits = S
oy N T = X N i = ol o:B
T o oz NS z o ] S
e ey mnxémﬂ _oﬁrmi Jmnn_v%_s
. ,_.vmo ‘W,A ;Iryl E.E EO ‘UM 17_A| ‘Nﬂ n_AlO ‘H_OI m ﬂ ,7A| o m :'L
™ %o RB B o~ o z N o = o 5 T
L ~ %0 oK ®o 8 =3 b = ™
* _L NoORD — A = o El ) 3 O#E J.._
- = B o X o M o ) gn Mo (y
O# ‘q o Of jze) fse) ;Iryl 0 —_— i ﬂu.,A
%LﬂxqﬁmuﬂAMMx.ELEhu]Eb
e A AR A el
. I X 0 N
X o = o ﬂo ﬂ,DI M —_ I
N E 3
o] EE



A
o&
()
oX,
odh
of4
cE
v

Push rod

B Outer mold
ipe
(Source

material) Product
roduc

Inner mold

Heatlng zone

(Source materlal) Mold

Product<|!—’ !SD

Fig. 1 Elbow manufacturing method by cold forming and

hot expanding forming



A I %



2. A9 A

21 A8 2 AN3dA

B oA ALEE ABEE AEAQ 304L 2 316L ~HdE A dAhx

-

2 Agate] Wz 2 A% AYFPOR AZE ElbowE ARE A
gtk Al 924 2 Elbowe AA1E WS Tableld] WER)
=

Table 1 Chemical composition of specimens (wt.%)
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Specimen @ Si Mn P S Cr Ni Mo Fe
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Fig. 3 Optical micrographs of base metal of 304L
stainless steel pipes
a) 4" Seamless b) 8" Seamless

c) 8" Welded d) 14" Welded
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Heat
treatment

Extrados [A]

Neutral [B]

Intrados [C]

Cold
formed
(4" Elbow)

Hot-
expanding
formed
(6" Elbow)

Fig. 4 Optical micrographs of 304L Elbow before heat treatment

(Source material : 4" seamless pipe)
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Hot-
expandin
g
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Fig. 5 Optical micrographs of 304L Elbow after heat treatment

(Source material : 4" seamless pipe)
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Fig. 6 X—Ray diffraction pattern obtained after cold forming of 304L 4~

Seamless Elbow

(Source material : 4" seamless pipe)
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Fig. 7 X—Ray diffraction pattern obtained after hot forming of 304L 6” Seamless

Elbow

(Source material : 4" seamless pipe)
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Fig. 8 X—Ray diffraction pattern obtained by heat treatment after cold forming of

304L 4" Seamless Elbow (Source material : 4" seamless pipe)
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10kV  X2,000 10pm

Fig. 9 SEM micrographs after cold forming of 304L
4" Seamless Elbow

(Source material : 4" seamless pipe)
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10kV  X2,000 10pm

Fig. 10 SEM micrographs after hot forming of 304L
4" Seamless Elbow, Intrados

(Source material : 4" seamless pipe)
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10kV  X2,000 10pm

Fig. 11 SEM micrographs after heat treatment of cold
formed 304L 4" Seamless Elbow, Intrados

(Source material : 4" seamless pipe)
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Fig. 12

Optical micrographs of 304L Elbow before heat treatment

(Source material : 8" seamless pipe)
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After
heat

treatment

Extrados [A]

Neutral [B]

Intrados [C]

Cold
formed
(8" Elbow)

Hot-
expanding
formed
(12" Elbow)

Fig. 13 Optical micrographs of 304L Elbow after heat treatment

(Source material : 8" seamless pipe)
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Heat
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Neutral [B]

Intrados [C]

Cold
formed
(8" Elbow)

Hot-
expanding
formed
(12"
Elbow)

Fig. 14 Optical micrographs of 304L Elbow before heat treatment

(Source material : 8" welded pipe)
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After
Heat

treatment

Extrados [A]

Neutral [B]

Intrados [C]

Cold formed
(8" Elbow)

Hot-
expanding
formed
(12" Elbow)

Fig. 15 Optical micrographs of 304L Elbow after heat treatment

(Source material : 8" welded pipe)
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heat
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Extrados [A]

Neutral [B]

Intrados [C]

Hot-
expandin
g
formed
(20"
Elbow)

Fig. 16

Optical micrographs of 304L Elbow before heat treatment

(Source material : 14" welded pipe)
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After Intrados [C]
heat Extrados [A] Neutral [B]

treatment

Hot-
expandin
g
formed
(20"
Elbow)

Fig. 17 Optical micrographs of 304L Elbow after heat treatment

(Source material : 14" welded pipe)
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Tensile and yield strength (MPa)
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800 .
Q
v ¢ & 2
600 - .
400 | .
u - _ _
200 | . 4
o Tensile Strength
" Yield Strength
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4" 8" 8"weld | 14" weld
Specimen (304L)

Fig. 18 Tensile properties of 304L pipe
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B Tensile strength of cold formed 4" Elbow

@® Tensile strength of hot expanding formed 6" Elbow
[J Yield strength of cold formed 4" Elbow

O Yield strength of hot expanding formed 6" Elbow

Fig. 19 Tensile properties of 304L Elbow

(Source material : 4" seamless pipe)
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Fig. 20 Tensile properties of 304L Elbow

(Source material : 8" seamless pipe)
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Fig. 21 Tensile properties of 304L Elbow

(Source material : 8" welded pipe)
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[J Elongation of hot expanding formed 6" Elbow

Fig. 23 Elongation of 304L Elbow

(Source material : 4" seamless pipe)
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Fig. 24 Elongation of 304L Elbow

(Source material : 8" seamless pipe)
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Fig. 25 Elongation of 304L Elbow

(Source material : 8" welded pipe)
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Fig. 26 Elongation of 304L Elbow

(Source material : 14" welded pipe)
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