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Optimization design of strip blanking blade of multi-station
progressive die for complex automotive structural parts

Li Gui'?, Liu Yaodong'?, Liang Renjie'
(1. Key Laboratory of Metallurgical Equipment and Control Technology, Education Ministry, Wuhan University of Science and
Technology, Wuhan 430081, China; 2. Hubei Key Laboratory of Mechanical Transmission and Manufacturing Engineering,
Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: The strip blanking blade of complex automotive structural part is designed according to its unfold outline. Because the contour
line is a complex curve, the blade of different shapes makes its design more complicated. Therefore, based on the cutting concept at the
inflection points of concave feature for contour curve, an optimization design method of blanking blade was proposed. First, the character-
istics of the strip and its blade were summarized, analyzed and studied, and the general design criteria of blanking blade was proposed.
Then, depending on the requirements of the blade convexity, the concave points of the contour curve relative to the blanking area were ex-
tracted. Based on the concave pole points, the cutting lines were made along the feeding direction, and the blanking was cut into several
special-shaped areas. Furthermore, based on the area ratio of the special-shaped area to its rectangular containment box, the segmentation
lines of the blanking area were optimized, and the blade segmentation schemes were obtained. Finally, the optimization layout scheme of
the blanking blade station was obtained by constructing the minimum distance between the center of the combined blanking force for each
blade and the center of the blanking die. The examples show that the blanking blades obtained by the optimized design meets the require-
ments of convexity quality, which provides strong support for strip automated intelligent design in the multi-station progressive die.
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Fig. 1  Strip layout of a multi-station progressive die
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Fig. 3 Concavity and convexity of blanking blade

(a) Concave blanking blade
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Fig. 4 Improvement of convexity for blanking blade by segmentation of concave point

(a) Concave blanking blade
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Fig. 5 Inflection points and discrete point sets

(6) XfEE—EIHURAR S, Hs iy P A ]
PEEAT AN . B B B IR IR RO iR, KUK
34 1A, B, CF, AN TR =ML, Wil 6
PR Hdfr, V6, V6, fIV G 350 BC, AC
MAB g2, s (2) . X (3) ML (4) Fr
Ro

(c-B)
G, =—L— 2
ve, =0 (2)
(A4-C)
G, =—""— 3
v, =t (3)
(B -a)"
G, =——F— 4
AT (4)

A Sipe N ABC =MIERE R A B Ml C Xt
IO R AR AR

(b) Segmentation along concave point
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Fig. 7 Schematic diagrams of area ratio for divided areas

(a) Segmentation line

(5) FEBFHENIZR (4) fFEA L, 4kZH
Wi BIZ B, AR T U B RcE . N
B 8 fran, AkSit 5 BT N M SR R,
A (1) M (12) For, He o+ AWM 5 H
FHAR LT BP0 2RI, SRAT N 1M1 A B
AR R, e EBCH R RO, R R/

IrHIZ

(b) Divided area 1

(c¢) Divided area 2

¢ =a'? +b'"* = 2a'b'cosc’ (11)
2R2 12 b/Z 2

cos(a + ) = = (12)
2 RZ _ ar2 RZ _ b/2

AP o B8 H A MR B A AR AT 2 B K
b 8 A M R EIARSR A 1 I EER s o W8
P P 2SS R B N M R



158 B

koo R

5047 %

Pl 8 pAITMIL ) s T

Fig. 8 Schematic diagram of curvature judgment for concave point

(6) SRR A b3k P 1M1 g 23 1 B 45 21 1) 23 Bk
Bt AN, TR 2 nT LA BESE A] R RS 5 ¥ 95 m 3 31
g

(7) bR ER ESERUE, RIRE ol DX 40 B T 10
FER IR . ROk, 5 BRI 8L ) 1 A B B A
IR PR A o BARESRITT . (a) BATALH
JIEEAHE P (b) AR P ) AN REA BLAE
[) —A~ LA

(8) FEME LAk, ] RIAG R 2 A TALAY A &
Tige W9 P, BRBHRH X FI R ¢ 471
o, o ATA LB LA T Z AL — LA PS5,
(xm(t) s Ym(t) ) R A B ) R T R AR R AT
D87 p X E F AN REORUIE S WA N A3 | L STV Y
MRS I BT 57, B0 S 26 I 142 R v ) 25K
(7) ABAETATAL b AT AW 454 AL E
A1 H RO E IERLE W R T AT A A
G PRI EEApL) W ZIRIAYHE
1 B e /N 70 A B S ot it B A
T

o Cono» Yco) A0S
y Ly
e A bmmmeme T

! / I
™! [
Th ! w [
g ! Paw I m
AE [

! I

i e

T Igr e TR

& gt

9 IR A R A
Fig. 9  Optimization of station layout for blanking blade
@© H5E, R L. BoE )
BB 0, (1sm<q) mo BPHEIONKE

KL, BRI B RO 2 iy, BIRUS P ESHL
RIS (BIBZR) Ml (1<i'<z), NtfiTry
RN (0 ye) (1<i'<z)o IAGE]I) 1 phk
0, WA R (%, y,), W (13) MK
(14) Fn. SRR o STYIRIE r M2 4
ARK, fREg—-1200meh#E N F,, X
(15) Firmo

Z Lox,
%, = (13)
PN
i'=1
Zl li'ym
Y = (14)
F, = KLmt’r (15)

@ Hy 3 7) A A B 3 bR ek K i 9 e
A, BAEBIHENZER (7)), TR (16) Fr
AN HARREL, KA WE W R R/ R 1o

q
z Fm\/<xm(l) )2 +(ym(l) )2
HARBRE: minr = “

Z F’n

m=1

lst<T
Vme THitV ¥Ym,, my e TAit,
‘ml —mz‘ > 1
Vi, t; e {1, 2,
Thie, N TAhL e =
Yy =Ym =T 08, %) =%,
X s NEEM LA ZE P, A—A4 A ]
DIATE 04> 1ANEEE 2 D),
@ sKfig bk Hbrergh, 4304 LA I E 5
UREE 3

FAF (16)

, TH, t, #¢

o

4 PR

10 ST XS 1 rp 7R ZE S5 R R I ASORHE T 11
RS ERR N AOH R IRAT BTSSP R R R X 5
2 A5 BE 22 )R R ARORH 8 B4R A BRI A, 5
BERLOIRR o BUAE FHAL AL 5 1 062 ) DX 3 ) v K
PIISEiiT s an s

e, XERX A B AT R, RIS B
M, IR T T edk, 45 R E 1a fi
No RIE, R EILIATIENE, BRI



LRE:] FOSE . RN Z TR R ) DLt 159

BRI,

BRI —

XLy
B

B 10 Gzl Scfll
Fig. 10 Example #1 of progressive die strip

— SrEIR

@ (b)

1T SEfF#1 AR X 53 T2k
(a) WMgFGEIZ (b)) BZAHHIL
Fig. 11  Split line of scrap area for example #1

(a) Concave points and segmentation lines (b) Final segmentation lines

Mo FER AR A I ) 1 F AR 2R
TIE P55 b Pz, R 4 4710 b
T

B XS B R XK 8 AN IT R I 4 A
PEATOUAA B . UG RATRIE 7] H R eh B L
M T 2 ATT 0 AR T) DR
FEFl— TAIRYEOR , SRR AT ETT 5N IRk
HhHOE 4T ARG OREEE ., AT
24200, MXARE A B —A20 0, HXf
PREPERIAR A7) A REAT AR R — T, B
52Ny ESUIB RGN NS R SPINRE REYN
EE TR N my ~mg, TALG S AT BB R TT
WARUCN T, ~ Ty, &I EARZORIGH] 432 Fffi &7
F, WRATET RS LRI AR gL

AR . SR IERRE], 2 1 AU R 6 Ry SR
PITEITHA AR . C BTN SAPHA40 4tk JRRE
o L5 mm, FUBFYIGREEN 330 MPa, 242 B0 1. 3,

x1 FARPHFEEAROIEREETEROMEES
Table 1 Distances between center of blanking force and

center of rectangular containment box in each scheme

& TRT, TRT, TR AT, §#/mm
1 m;, ms m,, mg msy, my my, mg 118. 184
2 My, Ms My, mg My, Mg My, Mg 117.752
3 m,, ms msy, my my, mg my, mg 120. 390
4 msy, ms m,, my m;, mg my , mg 123. 405
5 my, my m;, mg m,, ms msy, mg 113.813
6 My, mg M3, My My, M5 My, Mg

114.524

etk my, mg msy, ms my , Mg my, my 104. 166

g ifeBeit, T T, EATE I m, H
my AL T, BATEREITI I my Flmg, TAL Ty b
ATE MR IO my Foms . TAE T, EATE b I 0
my Al mg (T FNIRNTTEE, STV E Sl
PR REE A G 0 PO B B/, O 104, 166 mm,
ARPEIX AT BT AT BRF 20 1 H HERE DT 56
e 12 P

Ta T3 T2 1

12 Sl 2t il ool 70 HERE 7 38
Fig. 12 Layout scheme of blanking blade for strip in example #1

K13 N o — IR S ik, axZ R i
CR380LA 4, B K 1.5 mm, #{ 55 )k & K
326 MPa, ZRFFIM 1.3, RAAMACEIT T ERM
BN R 7] D HERE T R A0 B 13 s, AL T, AR
BT my FMim, o T T, FAGTEMEITE m, F
me. TAL Ty EATE I my Foms . TALT, A
BRI O my Momg HEATTEE, 4520 b G Ty



160 B

5047 %

v
L=
Uﬂ

P13 sefi#2 ZoRkn R 7] D HRE DT 4
Fig. 13 Layout scheme of blanking blade for strip in example #2

OB ALA G O R MRS D 118,497 mm,

RPN SR BRI O B P ) 1 HE
BT AEHEIEOL T, — STl LA B 3 A
FAEBIIT I . AnSpi#2 1) T, T A7 b mA~ 70 1 AT LA
MBS T, TS T, T2 b, AR a] LA 1A
TAL, FERMEH ARG ME R, N, AeTr ik
TE BRI T LASSE B AN [R) A HEAT AL A 2

5 4

SCE AL AT S IRV A M 2 A R A
FORRMEI) DR T, SR T RSB EN, R
A TALBCESR AN IT TR AN PR SR . MRS A
FOR, LU DO 9 M o B s e R 2
I TR BE s D0 A PR ARk DX I R 2k 45 303 2 2
K10, a, VLTI sk G o B s i 2
OB /N AR O ek, A2 e IT 11 Y
HEREOLAETT 56 0 LB, A AL BETTJ5 ik T LSK
W ARG AR 22 AL R IR SR b 70 1 R
WA St Fridit 70 B ECR REDS I 2 T4
BeEok, Bl RURORRREE B3 A2 70 RS PR
I, SRFIASOCAL B9 J7 1R ha o™ (M (1 5 32
FUBAF BRI T 7% T LAAS 204 LR IE,  Howh & iy
AR R s R A G, T RIS
IR A i K, T S L ) 7 i A48 iy of L
WS o
SE 3k
(1] %W, BRE, Tok=E, % SRERSURE N2 TRk

B (1], SBIEHA, 2021, 46 (8). 138-142.

Yuan B, Chen S H, Yu L B, et al. Design on multi-station pro-

gressive mold for side plate parts of air conditioning evaporator

[J]. Forging & Stamping Technology, 2021, 46 (8): 138-142.
(2] U], £8], ®EY], . ZEMESREIEL ORI

BetSR M [T BEFOR, 2020, 45 (3): 125-130.
Zhao D M, Wang L., Huang Z M, et al. Design and application of multi-

[4]

[6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

position progressive die for multi-angle car body sheet metal parts [J].
Forging & Stamping Technology, 2020, 45 (3). 125-130.

Li G, Zhou M, Wang W, et al. Accurate trimming line optimiza-
tion of multi-station progressive die for complex automotive structur-
al parts [ J]. International Journal of Advanced Manufacturing
Technology, 2018, 95 (1-4). 1185-1203.

W, PNEIT, XIDUME. AR A AL
He R [J]. BURHIEE TR, 2004, (6): 55-57.

Lei HG, Sun HF, Liu H X. Application of genetic simulated an-
nealing algorithm in optimal layout for blanking part [J]. Modern
Manufacturing Engineering, 2004, (6): 55-57.

Zhang Z B, Liu Y Q, Du T, et al. Blank design and formability
prediction of complicated progressive die stamping part using a
multi-step unfolding method [J]. Journal of Materials Processing
Technology, 2008, 205 (1-3) . 425-431.

JERTE, T, WK IR A E S HERE B —RR AR 5
e [T]. BUEFAR, 2021, 46 (10): 106-111.

Tang W P, Wang K, Huang X. A hybrid genetic algorithm on two-
dimensional orthogonal layout for rectangular parts [J].
Stamping Technology, 2021, 46 (10). 106-111.

Li X D, Zhan X H. Digital strip layout design of multi-station pro-
gressive die [ J]. Applied Mechanics & Materials, 2014, 687 -
691 3433-3436.

tREAR, Bl PR A SR T DB (1] Al ALK
4R, 2006, 37 (12): 193-196.

Xu Y L, Huang K. Blanking edge design of progressive die strip

Forging &

layout system [J]. Transactions of The Chinese Society for Agri-
cultural Machinery, 2006, 37 (12): 193-196.
Rty , AN, R — T RO RIS G R ] 7] D5
THBGE iR L] BURHIE TR, 2015, (5): 89-93.
Wu B, Zhang X P, Wang G W. A method of improvement about
cutting edge design in progressive die based on fuzzy clustering
[J]. Modern Manufacturing Engineering, 2015, (5). 89-93.
Hussein H M A, Kumar S, Abouel-Nasr E S. Computer aided de-
sign and simulation of strip layout for progressive die planning using
Petri-net [ J]. Advances in Mechanical Engineering, 2016, 8
(4): 1-9.
WAL, TR, T R AR R L TR ST TR T 2R Y
A (1] AHERLIRS A, 2016, 52 (20): 75-79.
Zeng Z. M, Guan W L, Pan W P. Algorithm for generating optimal
four-block cutting stock patterns of punched strips [ J]. Computer
Engineering and Applications, 2016, 52 (20): 75-79.

A&, R, WL hERARAT OY LI R Y — FROR AR
[J]. pUbkisciS5ili, 2016, (2): 37-40.
Che N, Zhang J, Pan L. W. An algorithm for solving the cutting
stock problem of punched strips [J]. Machinery Design & Manu-
facture, 2016, (2). 37-40.
Moghaddam M J, Farsi M A, Anoushe M. Development of a new
method to automatic nesting and piloting system design for progres-
sive die [ J]. International Journal of Advanced Manufacturing
Technology, 2015, 77 (9-12) . 1557-1569.
EH, BN, B, G TR A RO AR FORME L
[T, BEROR, 2021, 46 (1) . 50-55.
Wang K, Hu X C, Chen Y, et al. Optimization algorithm of blan-
king for circular part with reduced cutting costs [ J].

Stamping Technology, 2021, 46 (1). 50-55.

Forging &





