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Profiling forging theory and method of ultra-large stepped cylinder with

inner flange

Chen Fei', Zhou Qijie', Dong Kai*, Tao Zhiyong”, Zhang Zhifeng”, Cui Zhenshan'
(1. Institute of Forming Technology & Equipment, Shanghai Jiao Tong University, Shanghai 200030, China;
2. Shanghai Electric SHMP Casting & Forging Co. , Ltd. , Shanghai 200245, China)

Abstract: Ultra-large cylinder forgings with variable cross-section are key metal components of nuclear island pressure equipment, its di-

ameter and height exceed 5 m and the difference of inner and outer diameters is more than one times which make the overall forming ex-

tremely difficult. In order to solve this problem, a new method of profiling forging for ultra-large cylinder with variable cross-section based

on the closing process was proposed. The material flow law during the mandrel reaming process was explored. A material deformation anal-

ysis calculation model was established to realize the rapid design of the mandrel reaming process for cylindrical parts. The influence laws

of different billet shapes on the closing process was explored, and the parameters of closing process were obtained. Based on this, the lo-

cal forming was adopted to forge the small-sized part into a stepped structure with inner flange. Finally, through the variable diameter

mandrel reaming and drawing process, the inner flange structure of forgings was further formed. The feasibility of the profiling forging

process scheme for ultra-large cylinder with variable cross-section was verified through scaling experiments.

Key words: ultra-large cylinder; profiling forging; closing process; local upsetting; local shaping
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Fig. 1  Schematic diagram of shape and dimensions for upper

connected pipe forgings
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Fig. 2 Schematic diagram of profiling forging for ultra-large cylinder with variable cross-section based on closing process

2 BAEEHBELCHT LI ZHRhE
R %
HRAR X LB PR B Y T 20007, R

il s RV ELREF fRf B0k, RS0 & T 22 MR e
RN 1B R T 17 @SS O HE AR (RS 2 S

G A, SR L7 RO O K
FREPIfR B REE M T L, ey fLid e, Hoph
BEJEIZW N, NAMEZ W, RS AP B
WAt . NEREAL S AL B 5 LU S S S 4 U A AL
NIIES2/:2 46 i1 7% € o i/ PES T AD0 i RPN R E R
RIIE NS, S LT A E, RANIES
iy L AR A I T LSRR B T AR R A



557 B REE. A AIE 22 IR R B A O S B S T ik 149
THPERE. 2.1 BREEET ALTEERRIENEN ST E

TEH L e, Rkl T LASH R R
KAEIBPEASIE , FEX A AR A7 A 3 ) AR Sk A
JURTARZRAN:,  dhy bl S Sk A BE o0 Hr I e S2 A i
CRUSICE | =R A DO A LTE S IRk 121 TS
GO, WHERIAABROCaHrrik, wid A Rocit
S, TR MRS AR A A T R, SR,
PR E - ZEREE SR, BEdfd b
b B ZUCT e, RRUCT IR P Bl SR Y —
UCHERS o BNEUOT iR BB B R 2L T R
WER, W TRXEERELLE R, R E B R
WSR2 BRI EUR R, NI, &%
FERELRIT S R B A AR 1 A — A R BT,
e M RERL L PR T A FROGREALL AT LA R s 4 v 1145
HeR, LR EPTE, BTN LAY R 2 DL G
SEBORRIRTE, AR T —Rh IR T /N T s
KB BRI EE IE R MR S o A O ik, R LR
AT &Ry LA, DL s 0 S i L
PP R T Rk

()

O/ P P O 3 5 P 0wt T A R SO ot 1 R R [
IR, AT SN S AME R AR, B
SR LT ZRIR T BAE A MR AT, AR
ATLIA R 2 0 R AR SR 7 T 3, R Jeyili sz )
I . R FASFE D Al 1a] < B e R A ) SERE AT
FTLIR - i 1o A2 B ok B3t SR PR Aok, (R,
XA RN, EREY L2, 5K
T Z U RO TR IS, e L #h
AR T R EAR SR B X LA E . AL, Xk
B LA, AR T —RE TAPR I A/ NH
JIERRIPPRRR S M., T O hEg L2,

FEIVEASI s AR v, Jo s B8 sl LR AT LA
BN E AT IR, RIS R, AR X
OB BURAS 9 BEL T e/ NI DT R 8l 53R
THIAFE BEASET SR TS A 8 P A BSORL ) 0 2l 1 0 T
DAFSR AP 3, NI 3 shaf LA 2, 4 it 8l X 4k
Q53 A =S P BRIE , 121X 4 4> X A F
B E 2 AIEL T s 8,

]

k75

! =
(b)

K3 /NI ER R R

(a) FEIARBAL R BOHLIN 5 e Uit 2 e 7

(b) TR I A AT e 4 2 47

Fig. 3 Schematic diagram of minium resistance law

(a) Metal flow model during upsetting of rectangular cross-section prisms
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(b) Metal flow model during flat anvil drawing of rectangular cross-section billets
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Fig. 4 Schematic diagram of mandrel reaming deformation zone

(a) Oblique view
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Fig. 5 Schematic diagram for deformation calculation of billet

(a) Calculation of deformation in contact area for upper anvil and billet

(b) Calculation of deformation in contact area for mandrel and billet
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Table 1 Simulation parameters to verify mandrel reaming

calculation method
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Table 2 Comparison of billet sizes after deformation
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Fig. 6  Simulation results of mandrel reaming

(a) Side view

(1) F5m

AR BER R LB T, DA
AFTENGRTIAER, R PyQis Kk it 5t
T, [ 8 JErn Tz T4 A, %S EE T
GBI AR, e B R AR L R D
IS A, BT BREEAR DG RE v

(2) LI

AEHIET B SCAT Y 5 TR RH sl e/ NBH

(b) Front view

R ERR ST R AKX (X (7) ), @i AE Ex-
cel FRPEATHEFD LA, H P T LU HETE Excel
R EMEA R E B R IESE, BE WA S
MERT, BRSSO NS L S EAbE
T A ST 0
ARS8 o B A A% 0 & 36T Excel X,
K, 7E Python IG5 F ¥R T, K H openpyxl 558
Xf Excel U 1 9 48 . IO RE R T8 Sl LT3 10



257 ] MR RS A PR L B R B AR R A O T s R 5 vk 153
uY HaRm = (] X
[ romrmm s |
i
[ T ) YA SRR
[
'
PUSHEIRE TS i S AL AL .
[ uf%ﬂﬁ‘ﬁ%‘L?‘ﬁ’fiﬂl ] [ é&%?ﬁ&% ] T
" — — Fig. 8 Schematic diagram of main control interface
[fﬂ”)\%g%%%%gﬁm] [féﬁ)\lﬁik ;iiiifrhﬁ‘ﬁ%%%ﬁ]
I ] B, AEAEM ] D SR L TS W RRE S
fi AR | AR S ] RN, SR, R USRI

7 KB EBE R A LB A
Fig. 7 Flow chart of mandrel reaming design software for large

straight-wall cylinder

AU RS, midit B Hs, By af
FAIES B A 5 E SOeAR N, o AR BT A Y
B NRFRE FRICAR F e O A5 R, R o i = 4]
orf A MUl By B oCAR X — i RS TR LT

o rRASRIN = [u] X
S
HERKE (5) 5480 (mm)
Y LESAE 3601.905 (mm)
ERAR @ 1310 (m)
RS (D) 3580 () | PN 1471.905 ()
1 — — - —-x|
MA@ 1200 (m)
PAUGKNE 5493.753 ()
FIEdik (B 80 (mm)
PO Uiy fLit o At
Fig. 9 Calculation interface for mandrel reaming
SHIERBET, Sy LT 2L R T
™ . CRE27: = (=) X
ARITT
(3) UL R AL R
— M2 e b Al kK
110 JB7R T SHUEBUR T, %R 3 4 i — - P
W BORE URNAN BRSPS AR, P AT LUK #e s KA o000 £ 1
2 N N AHE AHE w 0
RSO A, D A X R Y STL SCPF, STL I =

SR — R0z T E AU B R i SO
FEM T =R E R, JCHZ LB IR,
XS TP 9 A 0 AR i s, WL RS
AfEH.

1E Python ¥4 H | 384 numpy 1 STL J4 A LA 3K
XS STL SCH A B AR i, % T SR RS il A5
HTENSAUE R SR, Ll fEREARIES
Bohshn T <P X3, X &P A2 STL

B 10 SHEBR

Fig. 10 Interface for parametric modeling

SCPFR e 2 oA 2 ) AR RO I B 23 8] AR, AR
Jei o R R o (B 5 A 7 26 5 12 v 5 5 SR
JA bR, PR A T 0 F R AT R AR, Bt
ARG, LR L R AR B AR B
%, FAAER AR BT o BT 1 R T M S5



154 B

kO OR

5549 %

(@)

()

©)
RIS e e

(a) BEHERL  (b) ERSEERED () AR
Fig. 11 Model results of parametric modeling

(a) Billet model  (b) Upper anvil model ~ (c¢) Mandrel model
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Fig. 15 Shape and dimension drawings of original billet and closing die

(a) Billet
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(b) Closing upper die for the first pass

(¢) Closing upper die for the second pass
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Fig. 16 Schematic diagram of die
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Fig. 17  Lead material size change

(a) Before experiment ~ (b) The first closing  (¢) The second closing
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Fig. 18 Lead material experiment results

(a) Before experiment ~ (b) The first closing ~ (c¢) The second closing
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Fig. 19 Comparison of load between lead material experiment and simulation

(a) The first closing
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Fig. 20  Comparison between lead material and SA508-3 steel simulation results

(a) Simulation result using lead material
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(b) Simulation result using SA508-3 steel

(¢) Envelope of forgings profile
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Lead material experiment results for local upsetting and
local shaping

(a) Local upsetting  (b) Local shaping
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