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Abstract: A radial segmented blank holder technique for drawn box is proposed, which can realize independent

loading of blank holder force along the different radial zones. Firstly, the wrinkling model on the flange
is established by theoretical derivation. The wrinkles can be suppressed with a smaller blank holder
force compared with the conventional blank holder method which preliminarily proves the theoretical
feasibility of the new blank holder method. Then, the numerical forming simulations are carried out by
using the finite element method. The results show that the radially segmented blank holder can
effectively control the material flow, suppress wrinkling and improve the forming limit. Finally, the
deep drawing experiment is carried out. With the same blank holder force of 5.9 kN, the drawn box
under the action of the new blank holder method has better forming quality, which verifies that the
radial segmented blank holder technique is feasible for sheet metal forming.

Keywords: aluminum alloy; deep drawing; forming; blank holder force

B RER HB Bk AR BRI & 8, B RHLIREAR BB HE o (B S SRUEEREE 2
WBEH IR . LR T R S . MidRa AR e A 5 B, s B A
GHAWER, SREES ., PR mrEfedsR B ST RZ BRI E D E%E, bR, TR
ST, R R TS AR SR AR PRI, ARG A R R BRIBRAED LR
WRFEMINEL 28, BUOESURHE RN BEGE AR HIARSONIF 2R BR A T s h 2 &Y, Xt

* E R HRFIAEL S TBIT A (51675466); WAL [ AABR= 3L 4% B0 H (E2021203043)

% 4 & 8L 08 . 135


https://doi.org/10.19287/j.mtmt.1005-2402.2023.03.018
https://doi.org/10.19287/j.mtmt.1005-2402.2023.03.018

I % 5 *ﬂ iﬁ Technology and Manufacture

TEMfE BRI SRR, A SEBR I By
Bewl, JEADE pp AR | BRI R RSB
AR B W SRR R TR R AR L, iR
W SEME— A A AR TS,

ZAEk, KEWFE A BB R R 77 Byt in Jy v
FER XS R T REMIF5Y . Siegert K" &k
B2 SRR E ARG ARIE G, EB 2 SR RS,
TEAR IR B AN [R] 32 == DX 3t in 5 22 D e A9 e 32 T3 1A,
T ARAF AN R A BEHEE 0, S BRTE 12 22 IX & i S B
JE30 77 B B, B R MR S T OB R . 2
T AR R PR BUB BT TR 2 5 R Y
PIRAE, B3RS T AU MR . A 1
EIAFWPLRIT & T 2 5728 R A 5 R 5¢
AL DLEF O 22 (6] B i 1) DIl o3 o0l it o e
2 W3 2ok A ] 32 22 X It o5 BRAY A8 i Jy, W]
DLFE ] 45 DX Sl S0 A BHA 5 B Bl A OSSR IR
FLIR ) IEAE BE . Zheng L H %1 flF & 7 — Ff g A
B2 KRB R SE, W AR i T4l
AT DA R b R AP O A Jrg 8 1) e K sl i, o] LA
R AW A AL 4, JF 4 1T AR A SIE I BR . Murata
AR XL 5 S SR A B PR R AT T
TRABIEGE o 82 1 o 1) 7 3k = 300 DX £ o7
PARTR) B 4E 3 7, AT DABH S 2l &8 14 1 %
PERE, $ i TR ) R AR BR . Manable K %
BN A0SO 22 AT R 3 3 A4 X, IR
B B 220 12 S HBEAR X A A DX A3 ) it A X
MR T o 38k P [A] X R FH A [] 1Y .34 7
frimisk, JFRHE R AR R a5 SR, AT
DIAS A i 2% X B R i 0 R /NS Ak, st
— Rk TR .

ASCER X 7 SIS AR X IR G, R T AR 1)
AN TR DX kAT b S e i I s, AT AR
SRV OB T . B T X e AT o T2
T B 45 5 T AT AR e 1) TR B iG55

1 SRHRRAFEIENERITEY

K Hl DYNAFORM HUH AL HPE XS 8] 1 B 7 14
BRI AT BROT T, AR RS8O 1.

DRl Ay G Ak 2 T XA 2 [0 g DX AH L
LA E S, B DIAEAH R R ER R A T, EAH
XHR X @A R IR BB RCR = A . Ty 1
X VB LA H IR A R O B4 R SR A A L
SR FHAN TR 14 B30 B RBP4 00 ) BEAT 5 A FR
JLo T, AL B ROTAE RN 2 Fs

136 -

2023F 5348
1 I"j.ffr | W
w | 5
(a) BRI LS TR I (MM&%@ME
B 1 LR RN AR
*x1 EBERTSY
ZH g
£ ¥ H 42 D/mm 220
L 5 t/mm 1
B K FEA. B/mm 100
91 452 (5 A rg/mm 5
™ 45 [ £ rp/mm 5

AT A BT AL R . VAR | PR R
B, oA ER R HBDE S E. A FRJTHE R, R
FHNIMASR 2 A AR HOR AR S oh R 2 L .
SRV B MM R BEERUAR & 4 AASTS4, W TH N
() JE ) S A, LA B R 1 L3 2.

1= 2—HRiAE; 3R 4—mit.
B 2 A5 WRoT Pk R 4

T2 BAESAATHAMRIEMN

S8 1y
2 1% /(kg/mm”) 2.7%107
¥ K A /MPa 69 000
THFA H 0.33
Ja& IR )82 /3 /MPa 101.2
T 4k 4L £ /MPa 4124
F U RS 0.77




2023F 5348

Technology and Manufacture I i 5 *ﬂ iﬁ

BT 52 B OG5 3R 8 PRI UE T30 RS B
MRTHE T, AR TR E AR, Nt
THRERL PIAE R o3 o AN TR AR Z 18] i Rk 0.15,
N R 70 4 000 N, F7 %5 FE R 30 mm.

B3 45 T RRI S BT 0 &R R 4 1
[, Hor, SR XA R S AR AR L
HBEH o

(a) L=10 mm, =45 mm (b) L=15 mm, 7=42.5 mm

(¢) L=20 mm, =40 mm (d) L=30 mm, 7=35 mm

(e) L=50 mm, =25 mm

B3 REREEARGUGRAERE

BRI LU, 7E 9<0.35 8 (& 3a), #5%
LI X A DX W Ry ARARL A JE B AT, AR 1) T o)
e UM O 33 22 AR BE R MG N . Y LA
MR EER KRR, SR 22 B A X 5 B X )R B
FRUR 225 [ DX JEE 8 DA TUIARE 1 813k 2 Ah 2 ik
KA TR, 75 y=2 (K 3e) BHHEIE. Hil
DX 4 JEE 8 AT DA MRS 11 8] 9 24 AR 18 Tl R SR AR
BTG R A a, Horh, HIK B 50 mm B el
il

ST R LSS N A A 2 X R AR L R
Wik AR I SR HUA BT R B, ikl 4 Filsl 5
N L

AT DA O HOWER 2], TEIe S EAn L, Hi

Iy A& LA

E

e

DX JEE BE DL B S R S B G Iy . Y B K
A 50 mm B, AR VAR 11 Ak 1 JBE R 25 (38 3] de
KK 0.108 mm. T [FE X, 24 p=2 B UL 0 b2k
Z 8] )R 22 (A5 K292 0.079 mm,

1.14 -

—— HBKEE 10 mm
112 F —%— HBKE 15 mm
R S ALK E 20 mm
E L10 F —-8-- HifIKJ¥ 30 mm
e T U . —A— FBKBE 50 mm
RN e S
jﬁﬂ 1.06 C \:,
1.04
1.02 . L . ’ ; L ; !
0 5 10 15 20 25 30 35 40 45
J5 AV /mm
B4 BAaXE2RESHE
M g 10mm
L16 | 4 B34S 15 mm
£ L14p = ECAHKE 20 mm
£ —o-- B K 30 mm
4 Li2} —A— HBKESOmm .
Z a0t -
N
HoL08t
1.06

0 5 10 15 20 25 30 35 40
Ji A /mm
B 5 BXKE2EESHE

MBADEESR AT LUF Y, XFor &g, R
A TTERS, HORMEC R REAE TR R BRI 5 A
Ak, T TS RE AR /0N B 007 A RE A 2 A R IR 30
MRS A IA . P, & e i L XS Rk
PEAT AR, R AR i) AN [ ot s i g

2 FWEBFE

21 FESXELFETTENERES

HE KGR, AB P B 4 A AR )
AR BT R B Y A% G R 3 5 VR AR 3 5 1 2R AT
R TRV S UR i LI e o R TR IS o E K
Pl 1R «

@ 22 R AP LR T f Z B i 2 U,

(2 1 22 R AR5 JA 101 13 S BT D U

@ RS I P Ugo

TERBRFENHFUIRE T, WL U, = U, +Ug.

AR AL B EM N 3.

XEFEZBAX, 8 TRx ARG, Hik 2k
TP SR Pl 2 2 it D) U, 3K N

bt [ R\ & (£, (0))
z n(lnﬁ) fr —dp (1)

U, =
124’ o

137 -



I '.z.' 5 *ﬂ E Technology and Manufacture

20235538

TR 2 SRR SR 1 B T B S U

Ua=—f;’;0(lnf;f) [ Ler|a-m(% &- 1o

(2)
Horr
R”r@—ﬂ r<p<R.
WO 2 N p-R)+y, R.<p<R,
R—R.
*x3 ARTEFE
b | HMEmBEERE | n A 5B K T
" 4 45 5 yo| R A SR A
R BRRKAZERE | 4 4 5
R, S p FE 7 B 0 I
p | EomaRER ] I B 1 £

Xt ARG R AR, TR e R AE A T
EZANGAE NI 2R SZ2 4 ki g . T
AL T ERZ A RURS, S A S i R
Hyo, MBRBINGAL A BUR R R Ay o

TERSRARR SR T, ARIEN (1) Al (2)

BT B N, R RGP B A BEAL T
WIHPIRAS, o s J 80

b ¥ Ro\"" (R (p—r)? "
UQ‘"%&-M“(E) I [“"() ]

nbt’n* ¥} Ry\"" (P—”)2
do= 12¢9° (R, —r)’ IH(E) f P’ d
(3)
MTER B, i 13
bir® . (Ro\"™" (R 1[yo—2A :
UQ2=_4:;01n(F‘:) f [R Ry°(p R+ Ay,
R\ nbtrt - (Ry\"
IR
&1 [yo—Ay :
J‘r E[R?r_RCO(p_RC)-F/lyO] dp (4)
X (3) Mk (4) MigE—E, SR%RIKED

L XoF BN e 0BT AR 2
XEFAR I Iy KRR TTk, B S B A s
I EAAR Y . WiAE B, R e

, _ by (R L[ (R ~
Vo= g, hl(Rf) J; pl(l n)(ﬁ)) 1}@0

nbftyl  (Ry\" (R 1
In[— —d 5
12¢03 (R,) j’ o? ? (3)
138 -

FrEk, X (4) 55U (5) ZMEZEHE, B
PR A T3 1 IR i 2% o BLERITI e O, )
SUNECR N, WP R R 73k 3 T 228

_ btny() 1 R()
A= (R) j [ =02 -R)?]

n 3 5
ool -

660" AR, —R.)

1 (ﬁ) [F S |a-00-R2|d
n R, R 3 ¢

(6)

BT ARZ/NT 1, WL (5) HRXTE, B/
F H 32 7568 I ) 300 T e i RSO B d- o 3t 1 B
TERIRE M A SO AE T, AR ) 4 R Jr ik i R
SR/ N TR G RAR R h vk o WO, i ik
RERT DAA SOl AL 4%, A fede = OB AR
22 #EEigIt

F B o X R EAR, &I T E 6 B
FEi B MR L AR TR [ e A b, AT RE R 1AL
2 S S > 2 By S TRS S i d o R (34 R Ol
o TR R W 428 1 9 o3 et Sz g JLAA SR A e
A i) B P PP (AR S B A AR R T, AR R RS
WATUA R E M o B RE 3, ik, ATRATERIIR
SRR, TEN [R] A9 25 A% XSt hn A 37 0 Fe i
BHF.

N2

I— B2 2— MM AR s 3—MIME; 4—ShEILR; s—NIEILRE;

6—FRALET; 7—HREASEEM; 8— F3R; 9—ifk; 10— R

V—JR A s 12— iR AR A s 13— DA s 14—T0AF R AR ;
IS—REMARIE; 16— MB.

B 6 R 4P ol B AR R 451

Iy 4L RE



2023F 5348

Technology and Manufacture I i 5 *ﬂ iﬁ

HAR 73 XOTENEL 7 s, 5 BB R i
R AR 1] 23 N AR ER i B 4 R T B0 s
BT SRR AR S A AT L
A DX IR A R 19 25 DX Bl [ i 7 A AL

3 ' ‘ '
1\%§%§ {

| R 2 ML s 3— TR 4—PIBE S— .
B 7 04 R B

T AP A R, O R 2 AR ) X Pt i Y
JE30 720 BN B, BB IX IR 22 IR R vk 2= A2
AR P ETCIEA RS, fE—ERE AT R
IR AIER, R RUE i
3 BEEEERITEM

K H AA5754 MR B UL 8, A FR JT M 4%
KI5 WK 9, Frf S8 B Sarm i fr—a., H,

12 ) 43 DX 34 BBl 4 B v R H A D=150 mm 4k, 4
J13h B AhME D=220 mm.

(a) R 1 [OFcdipre S Sul]

I— 4 2—Befk R 3—AhEL I ;
A—P LR S—ARRE; 6—MIA.

B 8 JLiTHE

(a) Bk JEL

(b) I 5 e 1)
Bl 9 7 FIBLEL A PIkE R 4 B

BT E MR SRR, ARITa P, MRS
P RN A1 0 P B AR, PN R L BB B 2 300 N
MIEH 1, ANEDRE G 4 600 N (R 1, R+E
THWMER L 2, IFEBSIAER . A R
H, B 6 900 N Y 21 77 45— Jiti i AF B 1A R i B I
RIS .32 7 9 53 A A T 4

P10 &5 T S0 1 B2 30 mm B B8 JOE 14
APEW, RRRAEEAT, S8 ™
A RASR SIS, WA 1] 23 DX R R R Al
PHE 2 XA OB %

(a) $efA 5D
B 10 aRRREMER (Rl 6.9 kN)

KR J1 5 40 kN, 22 B4 M WO FP RS 0 7 vk
VER T MR B AR 0 B AR s 0, anl&l 11 fr
No ATLUEH, RABR LD T L0, FiRe
TE A ()15 25 DX AR} 14 JEE ot b SR FH 4 A R 31 5 19 /)
ol B A% 18] 43 B s P e 4 3 o A 940 3 30 B A 8

(b) 4 X JE3h

0.720 N
0.740
0759

(a) Bk JEH

(b) 4r XD

B 11 SRAEBEIR (KL 40 kN)

WAt BEF R SRR, PR R DT T i
ORI JBE Al fie /N R JE AR AE Wi/, {ELAR i) 73 B s 120 1 TR
52 BRGSO N T BRI Tk, AR s
WA R TR RN T, S BB ) 7 B
177 % AT SEA R R A LA v OB AR PR

4 FHIRBEKEHAR

S0 AR U AE ST REWR AL YA32-315 AT
B, BRIER H A 200 mm, JBJE 1| mm. PRI
VRVR = BE R 30 mm,  Jita N 34 71 R 5.8 kN, HiAth

139 -



I % 5 *n E Technology and Manufacture

PITAT SR 2R S RUEAUAR R, SeER g 2R LA 12,

(a) HEfR D (b) 43 Xl

B 12 fRERER

MRS RRF , R ED S s b B Tk
WA R ACRAR B, AR 1 o B O i A
AL

5 itig

AR I P bt e v 22 1A e 32 0 2 T T4
H L B Z N R . BRI, TR
FIFRAE I, LAARAIE AR O DX A B b ) 2 2
RES WA B o (HAHN R, Heih Jrad Rl 238
PR AF I 2B XU o

FZTE R d B i Pl m] L2 <7 it o s
W7, I RSB AR R LA R i A ] g A 1] 1X
A o WAL, YRR R E AR
PR T3 o0 A, ] LS G i 40 ) e A g

ARSCUAAR X FR A T SR A ), UEI T R
BITRBIA RN . T GBS B ORI A X
Forb a8 A DR LR VR AR A B R 1F . I,
A DR 7R 5y MU A W, 5 2 X TR 0 D7 i 0 (T 5 )
TZ B AR SR A B R A R

AR SO B TE s 36 B T 10 7 ik AT 1 R
RS SRR RGL G, PR T i
AR T

WEAb, T4 70 AR BTt i il 5 5l A48,
W RIRAR S TAEMTE A

6 %5iE

(1) 4 T & xk & B 25 A i Xk B 25 4 i A2
W or X 07, RAMSL BB 2 IR IX, 58
BT R 7 B ST

(2) FT AT R B AR 10 217 53 X
AER RS P ATIE, BERE 1O RIS A B B LA

(3) RIA BRICEUEBAURRL IR L K 1) 7 ¥k
XTI R B B HEA T T S, AN TR S Tr

140

202345534
U, BT AR Sk 2R B e P RO R
R ERA W
£ % X W

[1] Keisuke T, Yoshiaki A, Kenichi S. Fatigue thresholds of discontinuously
reinforced aluminumalloy correlated to tensile strength[J]. International
Journal of Fatigue, 2000, 22(5): 431-439.

(2] T g, IR Ay, MOSEC IK A RS P R PR BRI AE 2 4 (0] op
[ 47 5, 4 J 2 412, 2004, 14(10): 1689-1693.

[3] Candra S, Batan IML, Berata W, et al. Modeling of the minimum variable
blank holder force based on forming limit diagram (FLD) in deep drawing
process [J]. IOP Conf. Ser. Mater. Sci. Eng., 2017, 273: 12-14.

[4] Obermeyer E J, Majlessi S A. A review of recent advances in the
application of blank-holder force towards improving the forming limits of
sheet metal parts[J]. Journal of Materials Processing Technology, 1998,
75(1): 222-234.

[5]Qin S J, Zhang H S, Mao Y B, et al. Electropermanent magnet blank holder
technique in sheet metal deep drawing[J]. The International Journal of
Advanced Manufacturing Technology, 2020, 106: 5497-5507.

[6] Park G Y, Kwak H S, Jang H S, et al. Deep drawing process using a tractrix
die for manufacturing liners for a CNG high-pressure vessel (Type I)[J].
Chinese Journal of Mechanical Engineering, 2022, 35(1): 132-143.

[7] Siegert K, Doege E. CNC hydraulic multipoint blankholder system for sheet
metal forming presses[J]. CIRP Annals-manufacturing Technology, 1993,
42(1): 319-322.

(8] Z2iM5 . Xk R R B0 E 2 i R 30 6 T30 ) AR e (0] S0 T
FE2E4R, 2002(1): 78-80.

(9] A, &4, INRR, 56, 2 RUB R I TR R & ] h
HLAE T2, 2004, 15(8): 659-661.

[10]Zheng L H, Wang Z J, Liu Z G, et al. Formability and performance of 6K21-
T4 aluminum automobile panels in VPF under variable blank holder
force[J]. The International Journal of Advanced Manufacturing
Technology, 2018, 94: 571-584.

[11]Murata A, Matsui M. Effects of control of local blank holding forces on
deep draw-ability of square shell[C]. Proceedings of the 18th biennial
congress IDDRG, International Deep Drawing Research Group Working
Group, Lisbon, Portugal, 1994: 271-279.

[12]Manable K, Yang M, Teramae T, et al. Development of a square-drawing
simulator with cellularly divided blank holder control system[C].
Proceedings of the 19th biennial congress IDDRG, International Deep
Drawing Research Group Working Group, Eger, Hungary, 1996: 101-108.

H—AEE R A, B,1082 F 4, Bl HIR, &
IR, AL FT @A RS ERARKF, E-mail:
zhsysu@126.com

WA H: R E, F,1963 A, #, W4
FIT, BFR T @ AR RTG# TE ERTIRESF
E—mail: plastics@ysu.edu.cn

(%% = )
ez e Hi9 . 2022-09-02)

XEYRS:20230320
ASRIEA A EZE, B R SEN A R AR PAERALE.

b L8521

BT


https://doi.org/10.1016/S0142-1123(00)00020-7
https://doi.org/10.1016/S0142-1123(00)00020-7
https://doi.org/10.3321/j.issn:1004-0609.2004.10.012
https://doi.org/10.3321/j.issn:1004-0609.2004.10.012
https://doi.org/10.1007/s00170-020-05001-w
https://doi.org/10.1007/s00170-020-05001-w
https://doi.org/10.1186/s10033-022-00803-3
https://doi.org/10.1016/S0007-8506(07)62452-4
https://doi.org/10.3321/j.issn:1004-132X.2004.08.001
https://doi.org/10.3321/j.issn:1004-132X.2004.08.001
https://doi.org/10.1007/s00170-017-0835-7
https://doi.org/10.1007/s00170-017-0835-7
mailto:zhsysu@126.com
mailto:plastics@ysu.edu.cn
https://doi.org/10.1016/S0142-1123(00)00020-7
https://doi.org/10.1016/S0142-1123(00)00020-7
https://doi.org/10.3321/j.issn:1004-0609.2004.10.012
https://doi.org/10.3321/j.issn:1004-0609.2004.10.012
https://doi.org/10.1007/s00170-020-05001-w
https://doi.org/10.1007/s00170-020-05001-w
https://doi.org/10.1186/s10033-022-00803-3
https://doi.org/10.1016/S0007-8506(07)62452-4
https://doi.org/10.3321/j.issn:1004-132X.2004.08.001
https://doi.org/10.3321/j.issn:1004-132X.2004.08.001
https://doi.org/10.1007/s00170-017-0835-7
https://doi.org/10.1007/s00170-017-0835-7
mailto:zhsysu@126.com
mailto:plastics@ysu.edu.cn
https://doi.org/10.1016/S0142-1123(00)00020-7
https://doi.org/10.1016/S0142-1123(00)00020-7
https://doi.org/10.3321/j.issn:1004-0609.2004.10.012
https://doi.org/10.3321/j.issn:1004-0609.2004.10.012
https://doi.org/10.1007/s00170-020-05001-w
https://doi.org/10.1007/s00170-020-05001-w
https://doi.org/10.1186/s10033-022-00803-3
https://doi.org/10.1016/S0007-8506(07)62452-4
https://doi.org/10.3321/j.issn:1004-132X.2004.08.001
https://doi.org/10.3321/j.issn:1004-132X.2004.08.001
https://doi.org/10.1007/s00170-017-0835-7
https://doi.org/10.1007/s00170-017-0835-7
mailto:zhsysu@126.com
mailto:plastics@ysu.edu.cn

	1 盒形件拉深成形机理的有限元模拟
	2 新压边方法
	2.1 径向分区压边方法可行性的理论推导
	2.2 模具设计

	3 成形过程有限元模拟
	4 拉深成形实验研究
	5 讨论
	6 结语
	参考文献

