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Abstract: This paper studies effects of roll shape on rolling process in three roll rolling hollow diameter reduction, and analyzes
the reducing process of the seamless hollow three roll cross rolling, establishes a mathematical model of roll. Using finite element anal-
ysis software roll shape curve effect on the forming process is analyzed and experiments are performed on an experimental three roll
mill. Finally, the experimental results and finite element simulation results are compared and analyzed. The paper gives following con-
clusions; when the reduced diameter is less than 10 mm, the metal flow near the entire deformation zone for the rolling part with inlet
cone angle of 2.5° of roll is very gentle and uniform, the front surface of the rolling part is also gradually turned from triangular cross
—section to round ones, and when the reducing amount is 14 mm or so, the quality is better by using the entrance cone angle of 3. 5°
of roll rolling.
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Fig. 1 Laboratory equipment
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Table 1 The dimensions of roll
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D/mm L/mm L,/mm L,/mm L,/mm a,/(°) a,/(°)
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Fig. 2 Roller-type two-dimensional and three-dimensional

drawing
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Fig. 3 Finite element model
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Table 2 The forming results with the different roll of

curves
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Fig. 4 The rolling force distribution curves
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Fig.5 Unit speed curve along the rolling direction
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Fig. 6 Stress distribution of the the rolling process
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Fig. 7 Strain distribution of the various moments in the rolling process
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Fig. 8 Shape of the front part of pipe blank after forming
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Fig. 9 The rolling results with roll of curves

A EHES D 3. 5° B4R B0 B 6 17 B L 1l o e
BPUE G H P A 1 S AR 22, A0 35 9 A% Kl
O AN FLHI PRI BEE 5 H IO 20145 RIA
FIHES D 2. 5° MR BIREADLH 1 25 SR Ay, 2 4L
PHAEFLH AL IR iy ad R v 22 7 R S 2R I L ) WA
FENTELAEYI 1R D5 18] _E 52 U0 1) e 4, 76 5k 1) 07 1) b 3%
Bl e) SEAP AL | W AR 1] 7 1) b T A2 B A AR 1] 1 46
Je BRI HoR 2 VSRR .t T AL
WG R E /NI RSl B LSRR
A1 77 16) 32 B AR B BE 7 i) Ja (S8 4 3 U7 1w 7 11
Fr e, XA LA F RO IR BE S, e i LR

AT ZE S 5 S0 53 43 AT LLR L
I R LA IR 2 DY A ) S B B B A DA
BB, 2R AL AR A P L BRI A
7y B S U B R R R B 2 EL
i T 52 B B i R S RN 3 A H O R )
FLA R ) BAEROR B ez, W 55 B2 R AR
T, AT, A FHEF O 2. 50 mE, LIRS FL R Y
R RS A HEA O 3. 5° IOEL I < 20 mm

Aed Wi H VA R 2. 50 i L2 S b A e A 45
SN F7 A A AR A i VAR AR A 3. 5o Bt SLAR
132 B I R AE RN ) i A AN 5] S 3O B
A

AT T 2R, R BT 42 mm 1
bt , MR H/NTF 10 mm (A2 B, EA2 5 1 b
BEEHANNZ 2 mm; 4R AH/NTF 14 mm IR E BT,
BRI FREERAN 2.5 ~3 mm, M7 F#
i BTHEA ) 5 B0 A e A, R B T 1) AR
RLAE T A AR T AL

4 %@iE

3 S0 =R AR LS O DA I AR AN R R Y AR
PRSI LA TR i 1S B DL 2hiE

1) My H/NT 10 mm B 08 A HE
R 2. 50 BRI

2) YA ELE 14 mm ZEAE, BF A O 4
oM 3. SORYFR AL,

S LA 00 A2 TR R A 5 RR(E A AU KO
[

SE Lk

(1] FEilse, =g, —HRELE YL A AL R et
[J]. 0% ,1992,21(2) :16-19.
WANG Hai-wen, LI Shao-shan. Three-roll Rolling Ma-
chine Development and Design of Roll-type [ J]. Pipe,
1992,21(2) :16-19.

(2] XUsz8 XARe, MR, FLd e a2 sh 2 A R
JCEEU[ 1], 155 5 50,2001 ,23(5) :34-36.
LIU Li-zhong, LIU Xiang-hua, WANG Guo-dong. Rolling
Process Explicit Dynamic Finite Element Simulation[ ] ].
Mechanics in Engineering,2001,23(5) :34-36.

(3] Wkzrfh. has i R AL R BUER[ D], 2
. IR, 2009.
SHENG Hong-wei. Three Hollow Steel Rolling Process
Simulation[ D ]. Qinhuangdao : Yanshan University,2009.

(4] ZEWRLr. FRE/NEARTCEEMN A L 7 R R SRR Ik
PRIT[T]. 998 ,2012,41(1) :14-22.
LI Xiao-hong. Development of Small-diameter Seamless
Steel Pipe Production Equipment Choice and Explore[ J].
Pipe,2012,41(1) :14-22.

(T 4% 28 )



(7]

(8]

W

e T

i 2013 4£9 H

Press of Complex Curved Shaft[ J]. Forging and Stamping
Technology,1999,24(4) .12-23.

e R A R A R R e A e 1) T R RO T i
(I VRAHA ,1999(8) :23-24.

GAO Zhan-min, YANG Shen-hua. Forging Process Analy-
sis of Left Knuckle Arm in Light Truck[ J]. Automoblle
Technology,1999(8) :23-24.

SR A, W, 4. 6400 5 175 R BT S AT K
A FROTHALL T ] AR 2004,30(4) :10-11.

WU Shu-ling, ZHOU Jie, CHANG Gui-jing, et al. Finite
Element Simulation of 6400 Knuckle Arm Forming Process
[J]. Die and Mould Technology,2004,30(4) ;10-11.
AR 2R T AHORS SR P 3 R 1Y = 2 BR T H B 4
[D]. dtat: HUAER BT BE ,2003.

HU Fu-rong. Three-dimensional Finite Element Numerical
Simulation of Roll Forming Process of Front Axle[ D].
Beijing : Mechanical Engineering Research Institute ,2003.
I R IR R 25 5 AR R 2 A RO
D] BRI AR PR, 2004,

PAN Yi-guo. A Thesis Submitted in Partial Fulfillment of
the Requirements for the Degree of Master of Engineering
[ D]. Wuhan; Huazhong University of Science and Tech-
nology ,2004.

PINHITTL, v ), B e i, A%, ot B gt 5 722 110 2 A
AT BIEFA ,2006,31(2) :4-6.

SUN Qian-jiang, WANG Gao-chao, HUANG Ying-xia, et
al. Numerical Simulation of Crankshaft in Hot Forging
Procedure[ J].
31(2) :4-6.
XRFR B A A AR BT YR A e 1 R R A G R

Forging and Stamping Technology, 2006,

(9]

[10] %

(11]

[12]

& T LB )], B, 2006 (4) :42-44.

DENG Chun-ping, YANG Shen-hua, HE Dong-ye. Com-
pound Forging Technology and Die Design of Automotive
Knuckle Arm Forging Piece [ J]. Forging,2006(4) .42~
44.

FERTRS WA, IR, 5. AR TR BTN AR | R o
KRLALY]. R HAAL B 2001 (1) :43-45.

TANG Xin-min,CHEN Jian-ye,ZHAO Jiu-gen, et al. De-
velopment and Application of Non—Quenched and Tem-
pered Steels of Bending and Extending Arms[ J]. Metal
Heat Treatment,2001 (1) :43-45.

FLL. 5w BAVEIN T4 AR [ M. it F i 5058
R A, 1999 :45-50.

PENG Ying-hong. Metal Forming Process Simulation
Technology [ M ]. Shanghai: Shanghai Jiaotong University
Press, 1999 .45-50.

S, 75 I AR SR, A R T RORS 2 SR R U i AR
AORE AL ) ). HUAR TR~ 41, 2005, 41(6) 127 -
131.

JIANG Peng, FANG Gang, HU Fu-rong, et al. Numerical
Simulation for Precision Roll Forging of Automobile Front
Axle [ J]. Chinese Journal of Mechanical Engineering,
2005,41(6) :123-127.

FENT ke, AT PO R A AR 0 7 L0 A B A
HLIAGAw B0 [ 1], TR R R 2440, 2005,23(3) 110~
12.

TANG Liu-ding, ZHANG Xue-bin. Simulation of Total
Process for Connecting Rod Thermal Die Forging and Cal-
culating life[ J ]. Journal of Henan University of Science

and Technology,2005,23(3) :10-12.

(E#% 23 T)

[5]

[7]

OB, R, BB . /N EAR T A B AR LA
HIAELT]. % ,2012,41(5) :15-21

CHANG Jian-she ,ZHUANG Gang, Zhong Ti-Di. China’s
Small Diameter Seamless Steel Pipe Production Unit De-
velopment[ J]. Pipe,2012,41(5) :15-21.

Wi, —SRALE R ILA TR ], 44,1989, 19
(5):8-10.

YANG Zhi-giang. Three-roll Rolling Process Issues [ J].
Pipe,1989,19(5) :8-10.

A B A 3CHE. Transval B = 5L E NG ShHLZR W E
AU BB [ 1] RDUR S RHE R 40
1996,19(2) :198-202.

HU You-min, YANG Wen-hua. Mathematical Model of Hy-
draulic Rotating Mechanism for The Transval Type 3-roll

(8]

(9]

[10]

Tube Mill’s Moving Housing[ J]. Journal of Wuhan Univer-
sity of Science and Technology,1996,19(2) :198-202.
MEDINA S F, MANCILLA J E. Static Recrystallization
Modelling Of Hot Deformed Steels Containing Several Al-
loying Elements [ J ]. ISIJ International, 1996,36 (8) .
1070-1076.

DR LR A A BRITERL D] W] BT
K2,2009.

LI Yun-xia. Finite Element Simulation of Rolling Process
[ D]. Kunming; Kunming University of Science,2009.
GULYAYEV YU G,MAMUZIC Ilija, SHYFRIN YE I, et
al. Perfection of Processes of Seamless Steel Tubes Pro-
duction[ J ]. Garmashev Metalurgija,2011,50(4) ;285 -
288.



