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The Development of Manufacturing Method using Spinning

Process of Integrated Stubend for Piping Connection

Lin-Pyo Hong

Department of Mechanical Engineering, Graduate School,

Korea Maritime University

Abstract

The spinning method was used for developing the connection component of pipe
flanges. Generally lab joint is manufactured by welding that pipe is jointed with
flange plate. but this method requires large amounts of time and money due to
the tube and the thick plate production of individual through the process; cutting,
welding and finishing. The defects in the process may occur due to thermal
deformation and mistake of operator. In order to solve this problem, the
manufacturing method using spinning process of integrated stubend is developed.
The spinning method in this study is an incremental forming process with low cost
and environmentally friendliness. The purpose of this paper is to study how to
manufacturing the stubend from initial tube by spinning process. The stub end of
the manufacturing conditions were as follows; (1) tube with constant thickness.

(2) forming of the stubend thickness greater than the thickness of the tube.

(3) making internal rectangular shape between mating part of flange and pipe.

(4) manufacturing the rounding part to the desired dimensions.
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(5) optimization of the manufacturing step. So the finite element analysis are
carried out. to review the spinning process for stubend using ALE(Arbitrary
Lagrangian - Eulerian) method. ALE finite element method is used to understand
and analyze the element rotation problem. FE simulation was performed by the
commercial code Forge V2011. A good agreement between the predicted and
actual test model. The key technology is that flange thickness is not thinner than
initial pipe. In addition, it also form a rectangular part and round part. The roller
for multi-step spinning is designed by finite element analysis, and the product is

manufactured successfully by experiment.

KEY WORDS : Spinning, Integrated stubend, FE Analysis, ALE method.
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Lap Joint flange

Stubend

(@) Lap joint flange and stubend

(b) Schematic image of pipe connection with lap joint for piping

Fig. 1 Lap joint



1. Lap Joint Flange 2. Stubend
3. Buttweld 4.Radius (R}
5. Pipe or Fitting

Fig. 2 Lap joint flange configuration

Fig. 3 Shape and profile of stubend for piping
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Welding face
processing
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(c) The 3" process : pipe cutting and welding face processing

Welding

L

(d) The 4™ process welding and surface processing

Fig. 4 Common manufacturing process of stubend by welding
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After machining part

Fig. 7 Machining part after friction welding
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Welding part
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affected part

Fig. 8 Heat affected part after friction welding
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Table 1 Shape and main dimensions of the flange

Unit: mm
Nominal Pipe Size Oiiibbminal Length Dia. of Lap G Ralgi;:s of _
A B aBel | TET kgt om? | 10kgfen? |y | _Seamless & Welded
i5 7 217 | 30 | 46 B2 | 3 | Stub Ends
20 ¥ 272 | 30 52 58 3 |
25 1 340 | B0 2 70 < iy
32 15 427 | 50 74 | 80 4
40 14 486 | 50 79 | 85 4 |
50 2 605 = 50 89 | 100 4 |
65 2% | 763 | 50 | 112 | 1200 5 |
80 3 891 50 126 | 130 | 5 |
100 4 1143 | 50 | 145 155 5
125 5 1398 | 50 | 180 185 (|
150 6 1652 | 50 | 210 | 215 | 6
200 8 2163 | 65 | 255 265 | 6 |
250 10 2674 | 65 | 320 | 325 6
300 12 3185 | 65 | 385 | 370 | 8
350 14 3556 | 150 | 410 | 415 8
400 16 4064 | 150 | 465 475 g
450 18 457.2 | 150 |_.52B) g »530 8
500 | 20 5080 | 150 | 680 [l /"686, 8
600 | 24 6096 | 150.\/"680_| 69074 8

e Minimum Lap Thickness ‘T" .shall-not be less. than, Whﬂ;ﬁ?gﬁness
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32 BEF X AR

H = 7] AlgEs ol A AAIZE 2EBAES] 742 Table 3 o ®A3IAH. & o]
M AA dAA Bol AHgstE A7) 4 A=AV 2HBERE Mo Bx
£ F3o. ASME Code B16.9-2007(Factory Made Wrought Buttwelding Fittings)=
TR 4 QA Z7]9) 2HB AP o] R ) 9170] 1135 mm ~ 116.7 mm
o]m Sch. 10914 ¢] Flo]= FA= 3.05 mm o]t} ALE S0 uwe} F4dolrt 447
76 mm<} 152 mm 7} Ut}

H ZRJE ZWAY =Y A HEFote FE G2=F9 X7F v 11 mmeo)
11 Table 4 oA AAA &2 HE A Zo] HA| F& A=

ool Yol HEZA R HA FS F o AR Al = AAFQA AvE Ao

2 (ap)o AL 157 mmE HA Hojglth

[qn

webA], B =FoA FE&xE 1HT A HRZ T XFe= @ FHo| 156
mm ~ 157 mm o], == F o] X¢= HhFo] 9 mm ~ 11 mm °]3, 3 FA+=

3.05 mm ~ 4.65 mm o]t}
Table 2 & A& 22 & X+ Aok

Table 2 Target dimension

Stub-end | Diameter of Radius of Lap Thickness, Short Pattern
Size Lap, G (mm) | Fillet , R (mm) T (mm) Length, F

4 inch 156~ 157 9~ 11 3.05 ~ 4.65 76
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Table 3 Dimensions of lap joint stub ends (ASME)

Note square
carner r R
G N —
[ 7] =
F
Enlarged Sectlon
of Lap
Nominal Duﬁgengia'r:later Long Pattern Short Pattern Radius of Diameter
Pipe Size B S Length, F Length, F Fillet, & of lap, 6
(NPS) Max. Min.
e 22.8 20.5 76 51 3 35
Yy 28.1 25.9 76 51 3 i3
1 35.0 32.6 102 51 3 51
1Y 43.6 41,4 102 51 5 64
1Y 49.9 47.5 102 51 & 73
2 62.4 59.5 152 64 8 92
24 75.3 72.2 152 64 8 105
3 91.3 88.1 152 64 10 127
3?1 104.0 100.8 152 76 10 140
4 116.7 113.5 152 76 11 157
5 144.3 140.5 203 76 11 186
6 171.3 167.5 203 89 13 216
8 222.1 2183 203 102 13 270
10 277.2 2723 254 127 13 324
12 328.0 323.1 254 152 13 381
14 359.9 354.8 305 152 13 413
16 411.0 405.6 305 152 13 470
18 462.0 456.0 305 152 13 533
20 514.0 507.0 305 152 13 584
22 565.0 558.0 305 152 13 641
24 616.0 609.0 305 152 13 692
Table 4 Tolerances of stub ends (ASME)
Lap Joint Stub Ends [Note (6)]
Outside Fillet
Nominal Diameter Radius
Pipe Size of Lap, of Lap, Lap
(NPS) DN G R Thickness
Yito 2% 15-65 +0, -1 +0, -1 +1.6, -0
3to 3% 80-90 +0, -1 +0, =1 +1.6, -0
[ 100 +0, -1 +0, =2 +1.6, -0
50 B 125-200 +0, -1 +0, =2 +1.6, -0
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3.3 SUS3049] &4

Fig. 11 & 234 34 3i4s Fd3t7] st Bagk SUS304 Ado Folzs
25 2 Wy E &5 2 3 - H¥E AEE Ui Zold, v 7ix HIE
4% 10 /sec, 30 /sec, 50 /sec, 100 /secol wisted EAIStaL Ut Table 5
SUS304¢] 318tz =4S eI Table 6% SUS3042] B4 XS vepinh

rr

SIG | MPa | Strain rate : 10 /s SIG [MPa] Straln rate : 3!1- fs
3517 : : T rore i
e 2800.0 :
24000 = 2400.0
20000 4eeneamnnen 2000.0
16000 1----rs 1600.0
12000 14 1200.0
8000 1 800.0
225 + ; ; ; f 2251 L ; i i i
0,040 4.00 800 1200 1500 0.040 4.00 8.00 12.00 1500
EPS[-] EPS[-]
n SIG [ MP, i .
SIG [MPa ] Straln (it 54} [MPa] Strain rate : 100 /s
IIE - v AR e S LA TN
R R 28000 A :
24000 1 o= 24000 fressessiaido s
2000.0 oeneenesa 20000 g=eesee-
16000 +=---- 16000 As-en
1200.0 172 12000 fof ot ; x :
8000 ’ = y OO et ek i ]
263 + 5 : ; i 2279 4 i i ; i
0.040 4.00 500 1200 15.00 0.040 4.00 8.00 1200 1500
EPS[-] EPS[-]

Fig. 11 Stress and strain relationship according to the temperature and

strain rate
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Table 5 Chemical compositions of SUS304

Element Composition(wt. %)
C 0.04
Cr 17.9
Ni 7.9
Mn 1.1
P 0.03
S 0.009
Mo 0.08

Table 6 Material property of SUS304

Item Value Unit
Friction factor 0.3 -
Specific Heat 778 J/kgC
Conductivity 35.5 W/mT
Emissivity 0.88 -
Density 7850 kg/m3
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Z20 2 SN =
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= BEFE9 Aok 2o
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My
]
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(a) Inner-mold (b) Outer-mold
©114.3 mm 16mm 43 mm
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wuw gel
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Fig.

Collection

9150 mm
®90 mm
978 mm
®130 mm
®150 mm
®78 mm

R3 mm

9.5 mm
2475mm 2476mm

2475mm 2476 mm

(d 1 Process roller (e) 2" Process roller

13 The dimensions of each part
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Inner-mold Pipe

Outer-mold

2nd Process 1%t Process
Roller Roller

Fig. 14 Modeling of each part for the spinning process
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3.4.3 dl4]

20y FAe e At 548 @4 E<Ql FORGE V2011 o] &3t th.
Al 247y 2AE si4sk=dl AoiM = BhadAH(Lagrangian method)&
ARESEA|RE, 23 d 3 o]l AAY IAd 9 fEHIUL EAEte Atdde
ALE(Arbitrary Lagrangian Eulerian) W& A&A7FF siAdd HEA7]=0 o] WH
& Lagrangian method$¢} Eulerian method®] #d& #H3 Aoz A4k Az 23
A AEA dAe FdEe EF 1ET F Atk ALEWHS A¢ siH 9 48
A Zrel BrE A Hlwste] (A Hol 42e%r] i S AT RS
43 AT GEFS 98 o]zl JRR B

m4E ALE WS AHeMsigon, s4e H=E Holr] st WIR
HAE MESH stk Fig. 155 dtolzel E89 HEZAEHE UEe dHE
o, 24 FFshe 99 O, Moldd @ 181 E9 HAESA Fv= 49 O
2 o] Table 73 o] Zt=o] me} W48 &5 HAASIAIL o5 vo]zo 1
4 ¥Ao 2 Fig 169 JeRfUTh

{(1) Area in contactef with the rn]]er@ :

i (@ Transient area =
180 & 0

3 Area in non-confacted with the rofer

270"

Fig. 15 Areas of the liner to be contracted with roller
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Table 7 Mesh number according to angle

Area Start angle(® ) End angle(® ) Numbers  of

Mesh (ea)
@ 0 10 A
@ 10 20 5
® 20 340 -
@ 340 350 9
@ 350 360 4
Mesh Number(circumferential direction) 44

Fig. 16 Meshes to carry out ALE method
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3.5 A ;A

351 1% 34 a4
Fig. 17 & ¥ &=2ola A 13 3AcIA s =do] g3t tgolh. 7]z
AP AL pusher SlolA ofhE gk A7IE POl AW A% F4

Al st stolZrh WAE @4 27 4A 8] gste] M Rde g

=

o

A =12 Table 8 o WAIE A o] EFH 3HALEEE 100 rpm, 12 &
4 89| IHFE 76 rpme] ok,

gtolxz e} 12+ FA E# HEFANA F EA HEET ZA s St bt
olze} 13 FA o] AARE ALENA IHEES ZHT

Pusher sl <%+ 0.5 mm/s ©]a npx|Eto 2 sulolizel 12 FAHEZ S wlzA
T 035 d9gstdnh Fig 17¢ 24 #4%F 59 wix|¢F s Al |5 Ueid
&4 =78 Table 8 o A&+t
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15t Process Roller
Rotational speed

Pipe

Quter-mold
Rotational

speed

Fig. 17 1% process spinning analysis model

Table 8 1% process analysis conditions

Outer-mold 1st Process Roller Pusher o
Rotational speed Rotational speed speed Fgggil
(rpm) (rpm) (mm/s)
100 76 0.5 0.3

_27_




Fig. 19 oA+ 5 mme} 10.5 mm € w ~Ed
FAs= FEAA 2EG Qo] gAZ ag= A

Gl
Fig. 20 oA AlZtol W& 12 34 29 s

(B
o
il
i
o
=
32
o

Pusher7} 0.5mm/s &£5=2 <43FAl pusher H97F 10 mm A< &4 AlZ 3 20%
B2 A stzo]l g2 F7FekAl =, 21%0d4 &8 3kl 12.343 tono =
7V A =S
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(a) Pusher distance : 5 mm

Rectangle
shape

Round
shape

(b) Pusher distance :10.5 mm

Fig. 18 According to the pusher distance of appearance
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Effective strain (30 element]
Unit; S_unit

L2485
108525
0933641
— a778034

0622427

- 0486821

0311214

0155607

o

TIME: 1000, H; -5.002 INC: 3007

(a) Pusher distance : 5 mm

Effective strain [30 element]
unit: _unit
Frin

272607

245346

218086

180325

163564

136303

108043

0817821

0545214

0272607

o

TIME: 21.00 , H: -1050 INC: 6313

(b) Pusher distance :10.5 mm

Fig. 19 According to the pusher distance of effective strain
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14
12
10

Roller load

10 15 20 25

e 151115 g InF=15 !

Fig. 20 Roller load of 1% Process

_31_




3.5.2 2x FA 34

~HEAE AR 22 FHNAE 14 24 AnEL 1A AWsA " B =

12 3ANAE F FAE A5 fste ARSI EYAtold LAE FEA
B Edtes Aol BExAYd 22 FAHAAE A T3 &AAE EXHEA 2H
Bz HFPAL AZste Ao Fxolt

Sol wixo} 4 A WMEE eI &
4 4ol wskel ol Ak,
Folue FAE 443 B4 9% 2
o 43 2%l F7hE qeizt Hofof Bk,

ol2 $]5}o] Table 9 3} o] 37k Aol 2% Uiro] 4] Mao] 5
A AR Aozt 22 B4 Beel A% AUl meHA &3 9 HFYelA
43 mm Bojxl A A HPe AFsHs ol

T A Aol EYE ool B9 Fi dAY £HO =z Sttt Ao F
AE A s Wl olt
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2" Process Roller  Roller
Rotational speed feed rate

Outer-mold
Rotational

speed

Fig. 21 Spinning analysis model of 2" process

Table 9 Analysis conditions of 2™ process

, , Outer-mold 1st Process Roller | Pusher Roller
Simulation ) )
cases Rotational speed Rotational speed speed speed
(rpm) (rpm) (mm/s) (mm/s)
1 100 100 1 0
2 100 100 1 0.1
100 100 1 014 - 0
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St."' N
only tion Rpller
hn Empty spa
QOuter-mold
15t
Process
result
Velocity
(mm/s)
Roller fixding.
|
0 v > Time
ol (Seconds)

Roller feed rate

(a) Case 1

4.3mm

r

| e X L.

Quter-mold
15t
Process
result
Velocity
(mmis) A
4.3 mm move
0 > Time
A
3 {Seconds)

Roller feed rate

(b) Case 2
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Ro ve
+T on

Quter-mold
15t
Process
result
Velocity
{mm/s)
0.1
3.94mm mowve
0 Time
51 57(Seconds)

Roller feed rate

(c) Case 3

Fig. 22 2™ process spinning analysis cases
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A A} Case 1 ¢ 7% Fig. 23 (b) oA B A= A Zo] 10 mm 43t &
B 2A7F H3A olFoles k= mAo] o] Rty E3F 40 mm 43t Alol=

yi_
Zd0] o] FofA7] o] ZEW oA EFsiA FA&sA HER SHEE TA
=

ol

o A% 7] g9l 43k £Esb Rop 2 $A HAA Fig. 24 oA
A=1

Azl & Fio] A HEz &

=
7 A3, Fig. 25 o o] AZR 9 w3 10 mme] Lol Azt BF A9
Aom, 27)0] 0.2 mm B ol4A AL X3Skl 414 mme] W Lap) F7

)

ol Al xﬂ

1

~EBES] ¥ FAE 305 mm oj4ol® F4< wEATT & & 9

BEs F7HE 859 Jheo] EestE®E F7F 3.05 mm Bu § FHA A G0l

22 FAolA pusherE 51 mm 7} AHYHES w B =&oA ERZE k= Aol
=< &t

Fig. 27 & pusher’} 51 mmE 43t 5k £8 s5HIE Yelhd g zoln
40z o] F& stwol FASHA st e = F e olf& Fig 27(e)ddlA
Bz %ol &A7F FFE Y Bl HEFst 2HEQIES FREAA FAE
sty wiol shsel AAA Atk 2z FFH E9 Hulsks2 50.987%00A
99.205 ton ©]t}.

2EQl £3x+= Fig. 26 o YetlE A o] AAFA 71 & As & =+

At
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Roller ionary

+T

Outer-mold

15t

Process
result

(a) Initial shape

Folding @i,

(b) Roller distance : 10 mm
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(¢) Roller distance : 20 mm

(d) Roller distance : 30 mm

_38_



Mot good

(e) Roller distance : 40 mm

Fig. 23 The results of case 1
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Quter-mold

15t

Process
result

(a) Initial shape

(b) Roller distance : 10 mm
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(¢) Roller distance : 20 mm

(d) Roller distance : 30 mm
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b -

b

Folding

Not good

(e) Roller distance : 40 mm

Fig. 24 The results of case 2
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Outer-mold

15-t

Process
result

(a) Initial shape

(b) Roller distance : 10 mm
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(¢) Roller distance : 20 mm

(d) Roller distance : 30 mm
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(e) Roller distance : 40 mm

f

R:10 mm
oKl

(f) Roller distance : 51 mm

Fig. 25 The results of case 3
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Effective strain 30 element]
unit:5_unit
Frin

730269
7105038
629507
554576
479345
44114
328883
253652
178421

10319

0279553
#*

l TIME: 2500 ,H.-25.00 JINC: 7515

(a) Pusher distance : 25 mm

Effective strain (3D element]
Unit: S_unit

Fiin
130798
119358
107317
964768
850389
735958
621555
507151
392141

278343

163938
+*

l TIME! 5100 , H -51.00 INC: 15329

(b) Pusher distance :51 mm

Fig. 26 Effective strain according to the pusher distance (Case 3)
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Roller load

(ton)
120

100

s P ller load

20

0 10 20 30 40 50 60 (Seconds)

Fig. 27 Roller load of 2™ Process (Case 3)
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A 4 NAF A B aF

4.1 74l 270

A Aol ¢+ A G (hydraulic cylinden)E #2ale] A

A or 4R dole EdsE WoPe A7) a3 o
2 glol A5HA FASRAG of Aulels 27 14 FHEY
5ol glo} 24 FHo) Wt AFY ¢ UES T4 Hol Yok

ZHlo] AT 2 Fig. 28 3 Zt}

(@) Test equipment
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Outer-mold

(c) back view

Fig. 28 Flange spinning machine
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42 NAIF 45 2 AHln
UM A SHAARE 2HEBJAEE =7 AE] A AAZ A0l o B =
o= 228004 HxA5F HeAAH-
AMAFS AZste] A5 S W HY A G2 160 mm =529 HHER)
2 10 mm o] FA= 3.54 mm ZolE= 81 mm o] th.

B AEFS 7t2A9, geEdS 19 7 AgE SRAT pE A1 g
TR g goly 8 FA7E B8 Ao B8kt
Table 10 o A= Aok 53 X5 vlast] A2sk3lal, Fig 29 = AAFE A
& &8 FoUTh

b

Table 10 Comparison of dimensions for prototype

Stub-end | Diameter of Radius of Lap Thickness, |Short Pattern
Size | Lap, G (mm)Fillet , R (mm) t (mm) length (mm)

Proto .
4 inch 160 10 3.54 81
type
Target i
] ) 4 inch 156 ~ 157 9 ~ 11 3.05 ~ 4.65 76
dimensions
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(a) Top view

(b) Front view

Fig. 29 Prototype made by spinning
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o] RFA SWE AEE FASFL o] HgkS HV201.80|t)

T3 FWA FE 97 AR 45719 HE Aol ZF XA HHE 1
=2 Fig. 31 o YeRAAh

I A¥, volx ZHT g FAE FAHste FEo] AFHoE Zlom ¥ 94X
oA 7+ F Hoahe BAth

Fig. 30 oAM= 2 54 91AE YEtaL Fig 31 oA A= 54 2
=2 yehf ik

Table 11 dAE ZHZ 3¢ A s Aot TUxA Loz 4= 1}
o] %ol H AS & F Uth

("
N
o
I
v

_52_



(a) Flange part

(b) Pipe part

Fig. 30 Measurement location
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Hardness (HV)

400

350 ® 1-in
% 2
300 g
. J L 4
® S-out
200 Average_value
——Pipe Part_Hardness
150 . : —
0 3. § &4 5 & 7 8% » b Location (number)
Fig. 31 Hardness measurement results
Table 11 Hardness measurement results
Location 1 | Location 2 | Location 3 | Location 4 | Location 5
(HV) (HV) HV) (HV) (HV)
o 1 248.4 255.2 285.1 287.6 279.5
2 264.9 237.5 260.6 275.5 280.8
$ 3 241.3 233.7 243.1 272.6 272.5
4 263.2 256.9 2484 2704 282.6
out 5 265 255 267.2 300.2 291
Location 6 | Location 7 | Location 8 | Location 9
(HV) HV) HV) (HV)
o 1 302.3 319.9 333.7 305.6
2 324.2 313.6 3324 325
$ 3 261.9 350 328.8 339.9
4 267 270.8 336.3 302.1
out 5 272.8 264.2 3234 308.7
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E
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A.1 Simulation tab

File Edit View Display Tools Simulation Object Property Help
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FS Paper P2 case3 |
Parts
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A.2 Objects tab
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A.3 Properties tab
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