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Study on Thinning Rate of Static Pressure Support—Single Point Incremental

Forming Parts

LIN Yunbo LI Yan YANG Mingshun BAI Lang ZHAO Renfeng

(School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology,Xi’an 710048)

Abstract In order to solve the fracture of single point incremental forming parts due to uneven thining, the
static pressure support was introduced into the forming process. Firstly, the mechanism of static pressure support—
single point incremental forming was analyzed and the parts were divided into regions according to the degree of
thining. Then, the law of thining rate change in different regions under different static pressure conditions was studied
by simulation. Finally, the static pressure support—single point incremental forming experimental platform was built to
verify the simulation results. The results show that the thining rate of region Il increases along the node path and
reaches the maximum at 37. 5 mm away from the edge of the sheet metal. With the increase of the forming depth, the
thining rate decreases slightly in the middle of region Il and increases again near the bottom. The thining rate
decreases with the increase of static pressure parameters, and the error between experimental results and simulation
results is less than 5%. Compared with single point incremental forming, this technology can improve and control the
uniformity of the thickness of parts effectively, delay or avoid the fracture of parts.

Key words Single point incremental forming, Static pressure support, Wall thickness reduction rate,

Numerical simulation, Experimental verification
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point incremental forming
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Fig.5 Nephogram of thickness distribution under different static pressure parameters

FHIMEIT.Z  hitp://www.yhelgy.com  20204F 55 18]



6 ﬁﬂ%ﬁﬁ?ﬁﬁé
Fig. 6 Create node paths
B AR AT AU R AT A HE A S
(2), 15 BIA ] s 2 00T 2% DX ) B JEE el 3,
K7 B

0 2I0 4I0 6IO 8I0 l(l)() 1&0 1:1-0 160
T AR FL S IR S /mm
(a)  A# R TR

33
——0 ——0.05——0.09

L ——0.03 —— 0.07 ——0.11
=
> 31F
H
=
= 30
iy
29

28

27 1 N v s

30 40 50 100 110 120
A HU B B /mm

(b)  AB IR KK
FEl7  #HRE T BE R R B AR T s AR TR 4

Fig.7 Variation curves of wall thickness reduction rate along

path node under various static pressure parameters

I DS R0 I DXl 2 oK 22 5 U | i TR il v o3 4
PN . TR BRI 2% 20 mm AMFEE— /N
TR, 3 PR oy T B SRR G SR I 1] 1% 3
S5 AR S R ik B N L 2 7R A — A A
FAJT, SRR 1% X 3™ A N S 7R A — R Y
SR PER AR AR T X R A B O X, 12 Xk
{18 i TR S5 B 1) TS 19 435 i e A TR O, R R B A
B %% 37. 5 mm ALK B e KRB . BEAE MUY TR B 1 4
FHMB T2 hitp://www.yhclgy.com  20204F 45 13

T, ek g A T X sl H ) 57 B8 W A AR, DA R i 4o
5 T0 DI ST B o il e o ) e 2 36 5 I
ARKEFR, {E I A28 A G et DR 33— 00 114 5 i, 74 5 D) s
TR T AR 2 a5 — 0 DX 358 ) AR s %, H 5 k) Iy
TS A ARV O R 338 st 4137 Bh BT O

P LA 5 S mT I DXk 2 A e R U e )
B, P AT SO . ARG AS R
SRS 12 DX JEE Y 118 LA 52 e R BCEf 24 )
TRPE 8. 11,14 ,17.,20 mm Ab B I8 4 5 5 (B K FE AE il
PR AR B PR 3 o I A5 ) A ek R B S [ e
SRR, T E 8 R .

32

27 1 1 1 1 1 1
0.00 002 0.04 0.06 0.08 0.10 0.12
PMPa

K8 AR IESECT M R0y A5 R
Fig. 8 Simulation results of thinning rate under different static
pressure parameters

3 SRIRNE

PAZE I MV C510 57 RBHEBEAR N S50 F- 6, 128t
PR BRI JEE FITIN JBE 5 i 2 S0 SR, I 9 i . ik
H1060 £ & B BURHE S S ge 4 ), P THSG i
R FEE v T 2 1 ) S 55 < R S 1) G, LA R/
10 mm, J8IE S A BRI . R B iy 2 BHIR S A S5
PR B IR 2 N, SCPE B B R 08 Y =5 8] 5 40
Heam AT H bR S Bopti , Jel hoRt B T S04 5%
B b ARURE R SR I MR 22 18] ) % P AT LUAT R
TR B B, S8 5 % SR S e T2 S Ak,
I e B o e Famad [ 2R R R G
iR AR A 2 O A S e - R AW R TN
WO R RAEFRR AR . BT B RS R RORE
TR A A5 2 AN W B9 MAEE Il 1 TR A A% e FL o, (R
JE 3 FE 05 75 % L JF D [l 10 [T B AE o 3 5 i I
I he 42 i T I B RN, TR 1 3R R R D4R, i A
FHARORHIR T 52 21 A R SR AR T Y

H IS5 5 T2 B HEAT 59 07 S8 — B 52
B, SR 5 U5 05 U AR — B D o) 0 S 56
PEAT LD BORE , UL FI & F AP 10 B o 7EREH
R SR BRI R B, 24 5 0. 13 MPa i, 7E 4]
U5 IR B BOBOR 2t BEIET 11 B i i S O



o ST

Fig. 9 Experimental platform
THUE , e R SR EBRBEE N 0. 12 MPa, 4
UE 3 BRI X (I D0 7 s S0 Il R ) 52
M AL () A JBSEE 06 ) 2 1) PR EE 8 (11, 14.,17.20
mm Kb FY)BE JEER T SRR oy sk T A ] 4 v
KT # R 2 Bry 728 1 FE ARG S0 45 21, an &1 12
Fi7R

E10 T R & REE

Fig. 10 Micrometer measuring wall thickness

11 #pEE R FEE AR

Fig. 11  Bulge phenomenon caused by excessive static pressure

B 11 12 B SR 45 2R 5 07 LA SRR H oA, 19
FIR 13 PR X LE A4 2R . R R B A
AT, Y AR AT B R 2 R R s/, W47 LA
SR R 2 RO DB R A A LR LA A AR
P LA RS SR A R AR ZETE 5% AN X R iR 22 &
SRR Ty B i) — Se BAR AL B0, 40 T RSk
4 —

e B AR S Sy A AT A2 T 1 fige A A Sl LA
MRk sE A A AT A AR 2 2

32.5

r\.\.
—e

320 *—o
~

315} ~
S
7 310} \-\
305 .

= L
v 30.0
#
295F
290t \

28'5 1 1 1 1 1 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12
PMPa

F12  AEEESECT Bl AR S 4,

Fig. 12 Experimental results of thinning rate under different

static pressure parameters

325
20|
315t

S30f

=305}

E 300}

o5
290}
285}

0.00 0.02 0.04 006 0.08 0.10 0.12
PMPa

KRR 2l EERAE Dol e
Fig. 13 Comparison of experimental and simulation results

TEPE 13 ] DUA ), B s S SO 0 B0
B8 P A 8 R 8 S AR T LB S P
B8R T B i T S AT DAS e ARORHAS IE X B
BEIR AT X ST XA RS i 3 AE LA AT —
TERIRZIE o 254 B i A A i R 0 BOR ARORE T
AR SR R o AR SO R U, XA Y
TR B CE T — A~ SCHEJR A , i IR 0 AR
FRORE 23 IR A B B o o 2500 st
N T RO 4 BE JBE A7 B34 5] BE JEE DRl il 5
L HP T O = R ¢ 0 O = 1 B i | P A B
i, TSk 5 AR fil X Sk S AE AR R R A R v v, 7
Xt T A A B ARURL , 1 B F) B v e B ik i X
SN B RN S 5 AR 23 B Rk AROR 7 e A
BRI PTRL S E R, I BERDRE K A2 R SR . 7E
SPS=SPIF £ A B B, ARk T4k ez etk
A MORHE R SR 7 2 3 ORI Sk A 42 fi
PR T AR ik v AR AL A A, T A R 2 [ A 42
fih DX 35889 107 g A P AT 9/ X 2 flke DX A LR
R RERE RGN , SIE 2L 2 3 S ORI
4 it

FHIMEIT.Z  hitp://www.yhelgy.com  20204F 55 18]




Wy ik TR SPIF ] 471 B JE 53 A A 249 Rl 224 45 1]
LB HE B 44 10 BE JEE 00 3 5 g T8 XS 42, 2R A7 ELASE
UL S 56 By IR A 25 5 1 5 125 43 X St 9 e S 43 0]
il DR R A S e A, A B DL T 458

(1) e SCHE AT LA 2800 o i 2 1 B 5L 4 A1 1Y)
oy AT A7) e T il v 5% Sl A i 7 Ry A 2L
P2 U AR PR

(2) S H 45 R B 1 7 EL 00 A A 5, A 0 s
R B ER T S RO R R MR/ o T BOR, SRk
SCHE TR KRR s R A ek R ARk T
FL G P 4 A T AR A, 2 Ao DX 3 107 g B BN B
LA FEIRA R R hE 00 AT, S % Ak A T A
3

(3) 37 119 ¥ Hs SCH5 — B 1 i U A PROTAR A
B 25 R 5 S 00 25 RAFTE — € W IR 22 | 1K 2R 22
FEORIE T AR i — s AL e, tin T/
Sk TN e HAR V28 R I A AT AT A2 T 1 i b Wi A e L
BB E R A AT AR B 3]

S STk

(1] Sefdefe  mh & & R AR B i ik R HoR B8 I
IRLTT. A EHLE T ,2008,19(4) :491-497.

MO Jianhua, HAN Fei. State of the arts and latest research
on incremental sheet NC forming technology [J]. China
Mechanical Engineering,2008,19(4) :491-497.

[2] DUFLOU J R, HABRAKEN A-M, CAO J, et al. Single
point incremental forming: state—of—the—art and prospects [J].
International Journal of Material Forming,2017,11(6) :743-773.

[3] MIRNIA M J, SHAMSARI M. Numerical prediction of
forming using a

failure in single point incremental

phenomenological ductile fracture criterion [J]. Journal of
Materials Processing Technology,2017,244:17-43.

[4] BOUFFIOUX C, LEQUESNE C, VANHOVE H, et al.
Experimental and numerical study of an AIMgSc sheet formed by
an incremental process [J]. Journal of Materials Processing
Technology,2011,211(11):1684-1693.

[5] AL-GHAMDI K A, HUSSAIN G. Threshold tool-radius
condition maximizing the formability in SPIF considering a
variety of materials: experimental and FE investigations [J].
International Journal of Machine Tools and Manufacture, 2015,
88:82-94.

(6] WhRE 225 AW, 55 . 4@ AlobA B 8 i OB ok
AR XA TE ()], HLARGEBE , 2016,38(4) : 777-781.

YAO Zimeng, LI Yan, YANG Mingshun, et al. Research on
deformation zone thickness in metal sheet single point
incremental forming process [J]. Journal of Mechanical Strength,,
2016,38(4):777-781.

(7] &5, B0, E454E 5 AASTS4 B0 G S Aokt i ik

FHIMEIT.Z  hitp://www.yhelgy.com  20204F 45 1]

ISR BEJE I SIPER S [T ], BERAAR ,2018,43(1):33-41.

GU Yanbo, WANG Hui, WANG Huiting, et al. Study on
wall thickness uniformity in incremental forming for aluminum
alloy AA5754 sheet[]J]. Forging & Stamping Technology, 2018,
43(1):33-41.

[8] NOURMOHAMMADI A A, ELYASI M, MIRNIA M J.
Flexibility improvement in two—point incremental forming by
implementing multi-point die [J]. The International Journal of
Advanced Manufacturing Technology,2019(1) : 1-20.

[9] FILICE L, AMBROGIO G, GAUDIOSO M. Optimised
tool-path design to reduce thinning in incremental sheet forming
process [J]. International Journal of Material Forming, 2013, 6
(1):173-178.

[10] Bh7<  BLE ¥ , A5 . B R ASORE 5 i kR ks
Pl AR T (1], A8 Tl K223 (B AR B0 ,
2018,41(10):1315-1319+1371.

ZHONG Dong, WEI Muqing, WANG Huabi. Trajectory
optimization and numerical simulation on metal sheet single point
incremental forming [J]. Journal of Hefei University of
Technology(Natural Science),2018,41(10):1315-1319+1371.

[11] MIRNIA M J,MOLLAEI DARIANI B, VANHOVE H,
et al. Thickness improvement in single point incremental forming
deduced by sequential limit analysis [J]. The International
Journal of Advanced Manufacturing Technology, 2013, 70 (9-
12):2029-2041.

[12] MCANULTY T, JESWIET J, DOOLAN M. Formability
in single point incremental forming: A comparative analysis of
the state of the art[J]. CIRP Journal of Manufacturing Science
and Technology,2017(16) :43-54.

[13] SHAMSARI M, MIRNIA M J, ELYASI M, et al.
Formability improvement in single point incremental forming of
truncated cone using a two—stage hybrid deformation strategy[ J ].
International Journal of Advanced Manufacturing Technology,
2017(9):1-12.

L14] AW, AR, R , 26 . 1060 5 Ml 7 i 21 5
MBI AR RIS ()], S 102441, 2019,40(3) :601-611.

YANG Mingshun, XIAO Xudong, YAO Zhiyuan, et al. R
esearch on Forming limit of 1060 aluminum sheet in ultrasonic
vibration—assisted single point incremental forming [J]. Acta
Armamentarii, 2019,40(3) :601-611.

[15] AL-OBAIDI A, KR4USEL V, LANDGREBE D. Hot
single—point incremental forming assisted by induction heating
Advanced  Manufacturing

[J]. International Journal of

Technology,2016,82(5-8):1163-1171.

[16] F2 4, s se, Wi Hbig, 5 . WA B AL Bl it i
WOEBETELT]. RS, 2016,41(2):21-24.

WANG Huiting, SHI Jiawen, PAN Hongbo, et al. Research
on incremental warm forming by liquid medium heat—transfer[ J J.

Forging & Stamping Technology,2016,41(2):21-24.



