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Abstract: In order to improve the forming quality of T-shape tubes, a method of differential lu-
brication was proposed by using hydroforming. The advantages of differential lubrication were verified
by finite element simulation compared with traditional lubrication. Based on the fluidity of materials,
the tensile stress and compressive stress of axial and circumferential elements of T-shape tubes were
extracted during deformation. The influences of the area of the differential lubrication zones on the
forming quality were analyzed. The results show that compared with the traditional lubrication meth-
od, the differential lubrication may effectively reduce the wall thickness thinning rate of the sides and
tops of the T-shape tubes. Differential lubrication also may reduce the amount of side feed to reduce
the risk of wrinkling. With the increasing of lubrication area in the bulging zones, the axial tensile
stress of the arm element is gradually reduced, and the thinning rate of the arm sides of the T-shape
tubes is reduced. With the increasing of the artificial roughing areas in the non-bulging zones, the axial
compressive stress of the T-shape tubes sidewall element decreases, but the circumferential tensile stress
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increases gradually, and the material is more likely to flow to the transition zone of T-shape tubes,
avoiding material accumulation in the middle of the tubes, thus reducing the risk of wrinkling. The re-
search may provide technical support and theoretical reference for the forming of T-shape tubes.

Key words: T-shape tube; differential lubrication; hydroforming; thickness distribution
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Tab.1 Chemical composition of SA02 tube
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Fig.2 Stress-strain curve of SA02 tube
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Tab.2 Mechanics property parameters of SA02 tube

WOMERLE /| RIRERSE/ | PUbIsRSE/ | aLAhER/ |
A H
GPa MPa MPa %
70 95 201 17 0.3
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Fig.3 Schematic diagram of T-shape tube hydroforming
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Fig.6 Finite element model of T-shape tube hydroforming
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Fig.8 Wall thickness distributions of experiment

and simulation
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Tab.3 Differential lubrication experimental scheme table

FrEE |V X 48 | Al BT X 4 AR | e ek X8 48 PR 0
ED! 0.12 0.12

E ¥ 0.05 0.05 0.12
ES 0.05 0.20

K 6 TR A FR TR 440 14 4 k47
XA 43 2 3 T m i I O RARARE AL iy
B 3 Al ) RN BRI R A1) R IORE JEE A3 AT B
TR 2 S Rl 1 K O 40 mm, PR Al )
AP FE B 40 mm P IEH 45 4> ST RE 4R,
B pi) 00 T M A7.5 mm, PR 40 S
7 RE R P L, 4 A B S RE R oy A 5 R 9
Fis

1.8f %W%E*ﬁﬂﬂ%gﬁ%ﬁ%
FSI=A )
g 1.6 i -
E
@ L4l
L
L 1.2}
&
1.0 . ) .
0 10 20 30 40 50
A ) AL A P,
Ca) il 7y

g b
£
Py
mh
)
T
2y

1.0 1 1 1 ]

0 10 20 30 40

) AR AR RLP,
(b)) ¥ n]

B9 £ERHBEFREENSD
Fig.9 Wall thickness distributions of different

differential lubrication schemes
= A A BT 1 R R R DX A L B
& SCH R i 52 8 3 384 O el i e L Y
DX I3 7 S TR - T Ak R S T AR 5 £ Ak L X R
PR e Ab AR B e . BT 9a BT L W7 R 3
FVEH T7 58 2 B7E KT DS e 3 2% 18, R A
« 1097 -



R E ML TR 4 36 % 55 5 1) 2025 4E 5 H

KT b R v, 45 R R 28 2 SR IR 13 A B L
SRR SR N d N1 (AR R S (1 R1i: B )
R 1FEIKIE X% AT 3 B, 5808 B MR
I 1 28 77 o A i e LA 9 8h 28 K TR X, S A AR
T 2 BEAR G SR A MR A 9 T L 5 B0 R
R TR =

{EL 5 2% R i T T SR X A R R A3 A S AN 4
THT 19 5 DL A R 8 8 v b Rk 19 O 20 K 08 T Sk
(430 45 32 2, NS M 20 ) O A , 5 3 AR KO IX
AR 1] BT X 38 30 P 8 37 A ARG L A R 2 38 3
FRUEIAS WA 00 000 T, JE2 085 V58 1 B 42 . T o 25 ) T
BRI R R B B pE . & 9b BT
NGHHE TN TR L M AR 3 W TR 2
f1hy R JEL i JRE R i B I WK, O FLAE A5 5 rp B RE R
il JELRE RO AR R RS A Y DR A R
TV 48 3 I R JEE 3 JE SR A LU B W O R 2 I R
JEL 1 JEL SRR T /N 33U PR Ol AE AR R v T T
3 FEAR K IE DX 38 0 T B 45 L b RO B M R AIG L A R
BN 5 5 00 TH HE R, 25 (b L U o il 1) 38 5 1
JE, DT R AER T 2 e ke 48 A XU, PRI, R O %8
3 Y o S IS A =l A RO .
22 EREABERMEERENTMW

TE 25 518 3 5% W) J0R I 6 04 BF 5 b i S T
TR 5 ) BE JRLAS A B TR IR R, R IR 5T 40 X 22 57
I Y YT RROGE SO B A R L FE TR 4 BT R B 43 X
(1) S Atk b oA Bk O DX T AR AF 5 B O DX T AR X
SIEAE KT R A, AniE 10 B, [ R
X C FEEMIE X B 091 AL H B XA 1 1 AU
INBERAY R A VA, LA, IRV 4.5 FI6,

Fie BRI ¥ 7 28 3 B S B (R IR TR IXC 2 42 R 4

HEXC  JERIEXB
(DFFE A4

WEXC  JEKEXB
(W ES

B C
(OFFE6

10 BERERISFR

Fig.10 Area planning schemes of bulging zone

JERFEXB

+ 1098 -

90.05, JE BRI X EE 45 LK 0,20, #M R IX EE 45 (K]
Bk 0.12) ) 10 B R AY SR T A4 IX
2 HURH IO A B ) R A ) R TRV Sl ) K S B S
80 mm N HEHL 80 A~ g AT BEJEHRHL, 26 ) ]
M 75 mm, I 80 S d i 17 BEJE 42
W25 s 11 PR .

2.0r1

—
(o]

—_
(2]

17182 6, /mm
-

1.2
1.0 A i )
0 20 40 60 80
] AL AR P,
Ca) il [
1.7r
1.6F
. 1.5F
& 1.4f
i
j‘% 1.3k
ic L2p \
L1 1 THiRe 4580
o A L
0 20 40 60 80
IF ] AL AR P,
(b) # 1)

11 AEKERETEREES M
Fig.11 Wall thickness distributions of lubrication area

in different bulging zone

T =l OB B b R 5 R AR
7 B SR TR A 11 AT A S T R R
ok /N Y 2 IO DX T AR B R (O 38 6) Y 11
7 2 78 SO TR A I A i KO 26,204, BEE
T DX T o AR S 396 K R JRE ik 3R R AL % i 4
Ko XIE RN BEE N R3S R KRB X2 0T 46 %
PN AR | A A i T T 3 T 1] R Js S A i B
([0S ARSIk AT AVAN 8 8N i Do -3 NP
FOALA SR> 1A A T SR TO0ER (5
0 TS £ B JE ok AR B8 5 ™ DR R o T gl 1)
W JEL D G 7 D SR X R OR SR T
F1% B JE2 DRl TR SRS

NP 12 AN 13 BT L O HEAE M g3 AT KB IX
T FRVAE A 0 =38 4 B B 5% I 7 ASE 40045 2R vh
IR WA XK T 0 B A BT 1A 2 AT I g 4R
o3 A o 31 3Ry ik 2 23531 S B A 490 391 0 K R 3T
FErh L0300 O 4 2 5 T T i Sk 2 fi 1 ) JiK B
PN 5 mm, JKIE AR I 5 20 mm.,



X 2% S X 5 A02 AR A il A U R N S

o sk &

MPa

240. 90
221.28
201. 67
182. 05
162. 44
142. 82
123. 20
103. 59
83.97

MPa

() TT % 6 I
B 12 AREKEXEBEREREE RS
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zone under initial deformation stage

1 12 AR, BT 1 7R A2 T8 00K A2 Bl ) T
IS 3 FVER [ B2 F o W0 B 56 2 7K 32 Bl i) s SO 7
PR Sy . PR AR AE TR A L e B BT 1 ik
ARBEA SR 252 P S AR I DRI 7R A2 B 1)
FE R 3 IRl 3 R AY BT 2l T b 7 32 fglh 1) s
N Ay . AE =8 OB R B A M T R KR L SOE
FRHR Sl SR T 1 Z 316 KN 1, BT 2 Z 3
LETAPIR

i P 13 AR, BE A IR T R KO X Y
FEEHE WA SR, 508 1 52 2 S8 IS S A Ik
TE AN 1 14 4 IR 1) 2 Wi T 7K 52 0 1s 57 B2 A7 4 [
I 6 5 AT B R 25, 32 b R T A8 Ak LK BE 45
S8R SR R 7K AT A 38 B S
M ThT e T HR s R B A T K. BRI 2 BT T 1)
ANAE BT 7 48 ORI Al 1) e I 3 8N 52 50

(OTTF 6 BIERIA
B 13 ARKEXEBERERARPMAKRS

Fig.13 Stress state of lubrication area in different bulging

zone under terminal deformation stage
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