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Improving Yield Strength of A694-F70 Flange Manufactured by Hot Forging

Process
Ta-Kwan Woo' - Hyun-Woo Lee” - Chung-Hwan ]eon‘% - Young-June Chang‘% - Chul Kimt
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Abstract: A welding neck flange is widely used for an interconnection between pipes. It
is produced by a hot forging process, and required high yield strength under the high
pressure condition, like a deep-sea. Generally, to increase yield strength, a increasing
of carbon content is used, however a carbon content of welding neck flange is limited to
0.47. So, in this study, a strengthening by grain refinement without changing carbon
content is used to increase yield strength. Taguchi method and FEM are used for the
optimization of forging process and the experiment for the yield strength of the
prototype with the optimal forging process is performed for validity.

Key words: Hot forging, Flange, Grain size, Yield strength, Taguchi method
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Figure 1: Welding neck flange.
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Figure 2: Schematic diagram of hot forging process
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Figure 4: Stress-Strain curve on the high temperature
obtained from JMatPro
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Table 1: Process variables of the current forging
process

Forging | Punch speed | Temperature
Process ratio (mm/s) | of billet(C)
variables
1.5 10 1000
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Figure 5: Grain size of the measurement point in the
current forging process
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Table 2: Design factors for optimization

No. | Forging ratio Pun(:ll]lnjgeed Tel;ﬁir;(t%ﬁ; of
1 1.60 16 1000
2 1.70 19 1033
3 1.80 22 1066
4 1.90 25 1100

HAA o A s AT A A 7TE
% 2% o #S4¥](Signal to noise ratio,
SNR) 7ME<& ol&stdrt. 2lsd FHule da
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Table 3: L16(43) orthogonal array for design of
experiments

. Punch | Temperatur R
No. F(r);%;:g speed |e i)anbillet Gr'Eun Size
mms) | (¢ | ™)
1 1.60 16 1000 56.1
2 1.60 19 1033 20.9
3 1.60 22 1066 21.0
4 1.60 25 1100 22.8
5 1.70 16 1033 22.5
6 1.70 19 1000 64.6
7 1.70 22 1100 21.5
8 1.70 25 1066 19.9
9 1.80 16 1066 17.9
10 1.80 19 1100 19.1
11 1.80 22 1000 56.0
12 1.80 25 1033 11.0
13 1.90 16 1100 20.1
14 1.90 19 1066 14.2
15 1.90 22 1033 12.4
16 1.90 25 1000 15.7

™
o
o
x
lii
i’
N
Y
[}
o
o
},

b 1- "1 O ] H
£ Asdg Feue AR & 7 91E‘r *1§EH &
8 AvE SAZ 7 FARFY RS w2 &
WA 71AR AAYR 2719 dEFS Table 49
HS% 2 Figure 69 F353 =& &3 &
A& AT

Table 4: Response Table for signal to noise ratios

No. | Forging ratio Pun(:rlllm/sgeed Terlrjrﬁlegl(t%re; of

1 -28.75 -28.29 -32.52

2 -28.97 -27.82 -24.04

3 -26.62 -27.48 -25.13

4 -23.72 -24.47 -26.37
Delta 5.24 3.82 8.48
Rank 2 3 1

Main Effects Plot (data means) for SN ratios
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Figure 6: Main effects plot for SN ratios
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Table 5: Optimal design values of hot forging

Forging |Punch speed| Temperature
ratio (mm/s) | of billet(C)
Optimal 1.90 25 1033
design value
= ‘mc,..n...,d.....v.m,,m_(mm
As 659
C= 238
- E= 410
[Tjees =2
Measurenelit "%
point

6.59 Min
75.5 Max

Figure 7: Grain size of the measurement point in the
optimal process
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Figure 8(a): Microstructure of the flange in the
nonoptimal process

Figure 8(b): Microstructure of the flange in
the existed process
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Figure 9: ASTM A694-F70 Grade Flange according
to the optimal process

Table 6: Tensile test results

Tensile Yield Elongation
Stress(MPa) | stress(MPa) (%)
Test result 762 557 20
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