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A Study on the Development of Standard Elbow
Forming Process using Spinning Manufacturing Method

Lee, Chang Joon

Department of Mechanical Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Fittings are parts used for piping direction and flow control and widely
used in various industrial fields such as petrochemical and plant. Elbow is a
kind of fitting that changes the length and direction of pipes and are
widely used as core parts of pipe system. Elbow is in various standards for
different angles and dimensions. In the conventional press forming process,
the pipe material is produced to insert into the inner and outer mold and
extruded with hydraulic cylinder. However, press forming process is
required to high load due to extrusion forming, therefore, a new forming
process should be required. This paper introduces spinning manufacturing
method as the elbow forming process which minimize the molds and reduce
the forming load for world’s first. Elbow was selected by a 4” 90° elbow
that is commonly used in the field. First, it was performed reverse design
and analysis of the conventional press forming process, and confirmed the

maximum load value, the change in thickness of the forming elbow, and
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the satisfaction of the minimum and maximum thickness values. And
through the analysis of the elbow mechanism, it was confirmed the
straightness of the pipe to maintain its original shape when it was formed
curved shape. It was confirmed that elbow forming is possible by using
spinning process without outer mold, and verified that the maximum
forming load is reduced compared with conventional forming press.
However, both the analysis and the test results have confirmed that the
elbow cannot be formed up to 90° due to buckling in the straight part. It
was carried out the research by applying a guide on the straight part to
prevent the buckling, and succeeded in forming the aimed 90° elbow. The
deformation according to pipe feeding length was investigated. It is shown
that large strain are generated at the inner curved region. And it was
measured the thickness and confirmed that it meets the reference thickness
value. The maximum forming load value is 113 tons, which means that it

can be formed to 19.9% of the conventional press forming process.

KEY WORDS : Elbow % }; Spinning 23]d; Forming A &; Mandrel "=
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1st Cutting 2nd Cutting

Material Cutting
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Surface Treatment Machining
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Packing & Delivery Coding & Marking Acid Treatment

Fig. 1 Conventional manufacturing process for elbow
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A 3R AR A9 A} FAF

Ar ol FAL wx7|A S oA AAZ ASME Code B16.9-2012 (Factory-made
wrought butt welding fittings)oll ©] A3t} 491x] Ax o] 97L& 114.3 mm ©] L sch. 10
4ol sto]x FA= 3.05 mmolH FAAFE EG7EA S WA E2 152 mm o]t

Table 1& 90, 455 12| Abo] =¥ X4 Uepich, 181 Table 2= Ax F3HE
et e dRe 4834 F 18 3H 5 AA AAHER HAE s F 4
Aol FAMSIE FHACE HUletAth AR FAE 7E FAE TAHLE £125%
9] FAE FE3ER HY FAE 343 mm o]a, H4A FA= 2.67 mm %!% 13k
oh[13]

Table 1 Dimension of long radius elbows

b
S
b

Nominal Center-to-End Nominal w
Pipe Outside 90-deg 45-deg Pipe Outside 90-deg 45-deg
Size Diameter Elbows, Elbows, Size Diameter Elbows, Elbows,
(NPS) at Bevel A B (NPS) at Bevel A B

Y 213 38 16 18 457.0 686 286
Y 26.7 38 19 20 508.0 762 318
1 33.4 38 22 22 559.0 838 343
1% 42.2 48 25
1% 48.3 57 29 2% 610.0 914 381
26 660.0 991 406
2 60.3 76 35 28 711.0 1067 438
2% 73.0 95 &4 30 762.0 1143 470
3 83.9 114 51 32 813.0 1219 502
3% 1016 133 57
& 114.3 152 64 34 864.0 1295 533
36 914.0 1372 565
5 141.3 190 79 38 965.0 1 448 600
6 168.3 229 95 40 1016.0 1524 632
8 219.1 305 127 42 1067.0 1600 660
10 273.0 381 159
12 3238 457 190 44 1118.0 1676 695
46 1 168.0 1753 727
14 355.6 533 222 48 1219.0 1829 759
16 406.4 610 254

GENERAL NOTE:  All dimensions are in millimeters.

_8_
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Table 2 Tolerance of fittings

- A
This end flush against square
Center-to-End
All Fittings [Notes (1) and (2)] Overall
Outside Inside 90-deg and 45-deg Lengthof  Overall 180-deg Retwms
Diameter at Diameter Lang and Reducers and Length Center-to- Back-to-
Bevel, D at End Short Radius 3D Radius Lap Joint aof Center Face Alignment
Nominal Pipe [Notes (3) [Notes (3) Elbows and Tees, Elbows, Stub Ends, Caps, Dimension,  Dimension, of Ends,
Size (NPS) DN and (&) and (5)] ABCM AR FH 3 @ K u
Vw2 15-65 +1.6, -0.8 0.8 2 3 2 3 & & 1
3t 3l 80-50 16 1.6 2 3 2 3 & L 1
4 100 16 1.6 2 : 2 3 3 [ 1
S5to 8 125-200 +2.4,-1.6 16 2 3 F & & & 1
10 to 1B 250-450 +4.0, -3.2 - § 2 3 2 [ 10 [ 2
20 to 24 500-600 #6.4, -4.8 LF} 2 3 2 [ 10 [ 2
26 to 30 650-750 *6.4, ~4.8 4.8 3 6 5 10 e - .
32 to 4B 800-1 200 #6.4, —4.8 48 5 & 5 10
Lap Joint Stub Ends [Note (6]
Outside Fillet Angularity Tolerances
Nominal Diameter Radius Nominal Off Off
Pipe Size of Lap, of Lap, Lap Pipe Size Angle, Plane,
(NPS) DN G R Thickness (NPS) DN Q P
Y to 2% 15-65 +0, -1 40,=1 +1.65=0 o4 15-100 1 2
Ito 3% B0-20 +0, -1 +0, -1 1.6, -0 508 125-200 2 &
& 100 +0, -1 +0, =2 +16, -0 10012 250-300 3 5
S8 125-200 +0, -1 +0,-2 16, -0 141016 350-400 3 &
1010 18 250-450 +0, =2 +0, -2 +3.2, -0 18 to 24 450-600 4 10
20 to 24 500-600 +0, -2 +0,-2 +3.2, -0 26 to 30 &50-750 5 10
2610 30 650-750 —_— - . 32to 42 800-1 050 5 13
32to 48 800-1 200 &4 to 48 1100-1 200 5 1%
GENERAL NOTES:

(a) Al dimensions are in millimeters.

() Tolerances are equal plus and minus except as noted.

NOTES:

(1) The inside diameter and the nominal wall thicknesses at ends am to be specified by the purchaser,

(2) A minimum wall thickness of 87.5% applies unless the purchaser specifies a different wall thickness tolerance, See Fig, 1, Note (1),

(3) Out-of-round is the sum of absolute values of plus and minus tolerances.

(4) This tolerance may not apply in localized areas of formed fittings where increased wall thickness is required to meet design requirements of para. 2.2

(5) Unless otherwise specified by the purchaser, these tolerances apply to the nominal inside diameter, which equals the difference between the nominal outside diameter and twice the
nominal wall thickness.

(6) See Table 9 for limiting dimensions of outside diameter of barrel.
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Fig. 2 Modeling of 47 Sch.10 90° elbow

Fig. 3 Product of 4” Sch.10 90° elbow
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Fig. 4 Cutting process of 1initial pipe workpiece
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Fig. 5 Shape and dimension of initial pipe workpiece

_12_

Collection @ kmou



A Y A FAE gotee MELS RS2 491A] vpolze] A7 wEt A4
skt é_!xﬂ TANME 7hEARE st TS H8sk=H I #tell i 2=

2 2 27FA 2 A, Hlask
#/de Fig. 6 ~ 8o ettt FH= W=l a3
T A BEY stk 2a fFRAdHE 24 Thgetd
Aok F@ol Y =1& A&tk

N
il
4>
3
FI
e
r_l
é
r_llF
g
)
(e}
ol
=]
=]
b
i)
o
o
w
=]
=]

Y
—o
of
e
Z
ol
Ru)
it
o
e
o,
ol
i
(d
it
P>

107.7 | | 114.8 |

(a) Mandrel (b) Outer mold (¢c) Pusher
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Fig. 7 Shape and dimension of dies (model of tolerance 0.3 mm)
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(a) Model of tolerance 0.25 mm (b) Model of tolerance 0.3 mm

Fig. 8 Die shapes for elbow forming
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Table 3 Boundary condition of press forming process

Item Value
Room temperature (C) 20
Die temperature (C) 20
Friction factor between mandrel and outer mold 0.08
Friction factor of pusher 0.7
Pusher feeding velocity (mm/s) 10
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Table 4 Chemical compositions of SUS 304
Mo

C Cr Ni Mn p S

Element
8 1.1 0.03 0.01 0.08

0.04 18

Composition (wt%)

Table 5 Material property of SUS 304 (20)

Item Value

Yield strength (MPa) 207
Ultimate strength (MPa) 483
Density (kg/m?) 7850
Poisson’s ratio 0.3
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Fig. 9 Flow stress curve (SUS 304)
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Fig. 10 Deformed shape of elbow
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Fig. 11 Thickness distribution of deformed elbow (t, = 3.05 mm)

_18_

Collection @ kmou



Fig. 12 Alztel| 2 AY sls#2
o vz Axtd AYsts 2 28] A A
Aol 438 sls#k 568 ton o]z,

L.
S22 AUHor He FoF 4y sde

Forming Load [ton]

Forming Load [ton]

600

200

400

300

200

100

A=A A gatel 43

o
FH3t( ot &=k 0.25 mm 22

/J Max 568 ton

= Pusher

0 2 4 6 8 1012141618 20 22 24 26 28 30 32

Time [s]

(a) Load in tolerance 0.25 mm
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(b) Load in tolerance 0.3 mm

Fig. 12 Comparison of forming load
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(a) Rotational roller (b) Ring

Fig. 15 Comparison of roller and ring
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Fig. 16 Rotational movement of roller and ring
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Fig. 17 Forming step of spinning process
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Table 6 Boundary condition of spinning process

Item Value
Room temperature (C) 20
Die temperature (C) 20
Friction factor of mandrel 0.08
Friction factor of ring 0
Friction factor of pusher 0.7
Pusher feeding velocity (mm/s) 2
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Table 7 Die movement step for analysis of spinning process

Step of process Pipe feeding distance (mm) | Ring rotational angle (° )
1 50 18
2 40 28
3 20 34
4 20 40
B} 20 45
6 20 51
7 20 o7
8 20 63
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Fig. 19 Characteristics of deformation of pusher extension of 20 mm
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(a) Feeding 132 mm (b) Feeding 146 mm (c) Feeding 180 mm

Fig. 20 Characteristics of deformation of pusher extension of 40 mm
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Fig. 22 Location of tracking point
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Fig. 23 Variation of elbow thickness with feeding distance
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Fig. 28 Elbow Prototype

~Ihinning
e LSS

Thicking

Thicking
' Thicking
A 1/

“Thinning -~

Fig. 29 Variation of elbow thickness
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Table 8 Die movement step for analysis of spinning process

Step of process Pipe feeding distance (mm) | Ring rotational angle (° )
1 50 27
2 30 40
3 30 52
4 30 65
5 15 73
6 30 82
7 30 90
8 30 90
9 20 90
10 5 98
11 10 105
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Fig. 33 Strain distribution of feeding distance 110 mm
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Fig. 34 Strain distribution of feeding distance 185 mm
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Fig. 35 Strain distribution of feeding distance 290 mm
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