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Application of Process Planning System
for Non-Axisymmetric Deep Drawing Products

D. H. Park, B. K. Choi, S. B. Park and S. S. Kang

Abstract

A computer-aided process planning system for rotationally symmetric deep drawing products has been
developed. The application for non-axisymmetric components, however, has not been reported yet.
Therefore, this study investigates process sequence design in deep drawing process and constructs a
computer-aided process planning system for non-axisymmetric motor frame products with elliptical
shape. The system developed consists of three modules. The first one is a 3-dimensional modeling mod-
ule to calculate surface area for non-axisymmetric products. The second one is a blank design module
that creates an oval-shaped blank with the identical surface area. The third one is a process planning
module based on production rules that play the best important roles in an expert system for manufac-
turing. The production rules are generated and upgraded by interviewing with field engineers. Especial-
ly, drawing coefficient, punch and die radii are considered as main design parameters. The constructed
system for elliptical deep drawing products would be very useful to reduce lead time and improve accu-
racy for production.
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Fig. 3 Characteristics of product
(a) Input modeling
(b) Side view of products in orthogonal axes
(¢) Cross section of products
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Table1 Definition of Entity_List

Constitutions | (Entity name, Entity type, T, OD, ID, H, N, FR)

» Entity name : Feature that the entity represents
(e. g. bottom, wall, flange)
» Entity_type : Class of entity (e. g. HL., VL, TL)
% ( HL: Horizontal List, VL: Vertical List,
TL: Taper List )
Contents » T : Thickness
» OD : Outside Diameter of entity
P ID : Inside Diameter of entity
P H : Height
» N : Null {not used in the system)
» FR : Fillet Radius of entity
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< Entity_List of Long Side >

"flange” HL 1.6 59.0 40.8 0.0 0.0 1.0)
"wall1" VL 1.6 38.8 38.8 60.5 0.0 1.5)
"wall2 HL 1.6 35.8 14.15 0.0 0.0 1.0)
"wall3" VL 1.6 12.1512.158.50.0 1.0)

{
{
(
(
(
("bottom” HL 1.6 10.15 0.0 0.0 0.0 0.0)
)

63
7z

< Entity_List of Short Side >
(
l {*flange" HL 1.6 38.95 30.85 0.0 0.0 1.0}

25&5__1 {("wallt" VL 1.6 28.85 28.85 60.5 0.0 1.5)
("wall2" HL 1.6 25.85 14.15 0.0 0.0 1.0)

$38.8 ("wall3" v 1.612.1512.158.50.0 1.0)
¢
)

"bottom" HL 1.6 10.15 0.0 0.0 0.0 0.0)

@ (b)

Fig. 4 Example of Entity_List
(a) Product
(b) Entity_List
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Fig. 7 Determination of drawing coefficient for cylindrical
deep drawing in Method ([ )
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Table2 Modified drawing coefficient for cylindrical
deep drawing in Method (I )

Drawing D,./Dg

Coefficient | 0.27~0.31 0.31~0.335 0.335~0.35
ml 0.53~0.55 0.55~0.58 0.58~0.60
m2 0.76~0.78 0.78~0.79 0.79~0.80
m3 0.79~0.80 0.80~0.81 0.81~0.82
m4 0.81~0.82 0.82~0.83 0.83~0.85
mb 0.84~0.85 0.85~0.86 0.86~0.87
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Table3 Modified drawing coefficient for top part deep
drawing in Method ()

Drawing Dy /Dy,

Coefficient | 0.39~0.42 0.42~0.47 0.47~0.55
ml 0.64~0.65 0.65~0.67 0.67~0.70
m2 0.76~0.78 0.78~0.79 0.79~0.80
m3 0.79~0.80 0.80~0.81 0.81~0.82
m4 0.81~0.82 0.82~0.84 0.84~0.85
m5 0.84~0.85 0.85~0.86 0.86~0.87
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248 MGEHJEAE AESaA Fr} AFHR T
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Table 4914 5 PXe AlxEle] B3 A& A7 0]
4.6 mm 2A Jehgth o] Axe AR 34 B9
HAA A 28] 3349 RS 53 A} Zold A
A Adshe Ao A9E. &, 49 dAAe WH
0y B AEFS TR At }% 222 ¥l
Z}ztel A3 g Ftatslo] AR FHAE 2RI o] 7
A Zo o3te dFFoR YA $ vl glon, Azt
T Bo| 299t AF 49 54 & FAGdE &
A FHAALL A9 Brbsdlth 182, 33Y 2
gyoz 7hs] FAAHE A4l g3 A ol &
s Aol Azt Aokl AFAFE 718 4 e delEn
wag, Egd o {8 12l HY3 FEE &l
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Table 4 The results of model PX

4-0 4-1
Model PX No. DB 1 2 3 5 6 7 8 9
D,) | D,
Industrial Dia. 111.5 56.0 43.0 36.9 26.3 22.0 16.2 138 | 124 | 12,0
A practice m 0.502 | 0.768 0.858 | 0.612 | 0.596 | 0.736 | 0.852 | 0.90 |0.968
. Proposed Dia. | 1114 | 641 506 | 41.0 | 369 26.3 23.8 186 | 150 | 126 | 12.0
properly m 0.575 0.79 | 081 0.9 0641 | 0645 | 078 | 081 | 0.84 | 0.95
System - Dia. | 116.1 | 67.5 516 | 410 | 369 26.3 24.4 19.2 | 153 | 126 | 12.0
¢ Method (1) m 0.58 0.764 | 0.795 09 0.64 0.66 0.786 | 0.80 | 0.824 | 0.95
System - Dia. { 116.1 | 65.9 51.8 | 416 | 369 26.3 24.2 19.1 | 152 | 126 | 12.0
b Method(T) m 0567 | 0.78 | 0.80 | 0.89 063 | 0656 | 0.79 | 0.80 | 0.83 | 0.95
Table 5 The results of model PY
4-0 4-1
Model PY No. DB 1 2 3 5 6 7 8 9 10
(D) | (D)
Industrial Dia. |120.7 | 72.0 | 55.0 | 430 | 388 | 289 | 240 | 154 | 136 | 120
A practice m 0.597 | 0.764 | 0.782 1 0.902 | 0.672} 0.619| 0.642 0.883 | 0.882
Proposed Dia. {1203 | 674 53.2 43.1 | 388 28.9 25.0 19.3 | 154 126 | 120
B properly m 0.56 0.79 0.81 0.9 0.67 | 0.645| 0.77 | 0.80 082 | 095
System - Dia. | 1272 | 729 55.0 43.2 | 388 289 212 | 222 | 18.0 15.1 12.6 | 12.0
¢ Method( 1) m 0.573 | 0.754 | 0.785 | 09 067 | 070 | 081 ] 081 | 0.84 | 0.83 | 0.95
System - Dia. [127.2 | 70.2 55.4 448 | 388 28.9 25.0 19.1 | 153 126 | 12.0
b Method(T ) m 055 | 0.79 | 081 | 087 | 0.65 | 064 | 0.764| 080 | 0.824 | 0.95
2730l ¢ 8 mmAE AA 4¥E Aoz Addnt. 1 A2 o D7t CEG FPe, #3374 B 247t &
I, FNREFEAA viAY 45F FA ] @ A g E Ao SI‘r%%D}
Zagol AN Aol AWk AE7F A¥ Y AN He ¥ =29e) B2 FHSE A B, C, D EF 22
RO AARZ =N AR aAe] FARLI U AztE Jehdl, X9, Ax =29 80 5, 63 lA
B o2 gddd. aeeg, 338 339 =29 S RGO 2N 7, 8, 9FA M= Ao &gt 7t
€ TRHATHA 2AS AR AT A VL Hi o 222 g, 5 6339 =2IES o|F 38
0.92 Hg3Fozn, FAld egke] A5 Hadn Pgesd o 339 g 212 AAAste Aol viE
458 ¢ gl o Add D} Fig. 15%& Azl 339 zsith, A& 29 Be w3 3N =2AE
Z2ERY, A=Y, 2891, $UIE 7 2] #Ad < 0.6452 F&stod HAAHS 7twe] 28-S RFA
HThE YERAAC, H3| 55”01 WslE e #3823 AlzHle] A3l C, D 2% =29%& WA B er}
ol QoA dFe AHr} &AL + Aok 2A, B 3 ALHUEE AR, AF T 2AQ Bt
T o] FtEHEls, SRYES Fulel] 229 Alzgle 2wt EAeS EoFot. Fig. 13, 14v 24
7 23 =2YES H &3 Ce DET 2= PXel WhE (1), (1)l & 8232 Yepdrt.
Z2YEL I3, A=RYEL A AEHAY. 2, 333 Table 5= 249 PY®] 3H4A ddfoltt, £59 27
o 433 A AH L A fArE AR 71 AsE 2 7} =4l PXell Hlg) 29, &% olEide] gle AFY &
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Process 1 2 3 4(L) | 4(8) 5 6 7 8 9
Drow Coeff.; 0.58 | 0.764 | 0.795] 0.9 0.64| 066 | 0.786| 0.80 | 0.824| 0.95

Fig. 13 Process sequence for model PX by method ([ )

Process 1 2 3 4(L) | 4(8) 5 6 7 8 9
Drow Coeff.| 0.567| 0.786 | 0.80 0.89 0.63 | 0.656| 0.79| 0.80 | 0.83 0.95

Fig. 14 Process sequence for model PX by method (I )
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Fig. 15 Design of cross-section for model PX
- Industrial practice

4T =ERYE] WA A EHo] v}
A2t 459 =29 H70] 1.6 mmBE FA ekttt
A, FHFTH S2YEL 0.99 0.872 3 A
Well ls-< Flstsdct.

a3, #HeR 22YdM Ae 63484 AR
7b < 10 mmz A= 4Pzl Hoz, L
Zhete Aol HigAd o Addn. adM, 33
%4 Be & 340 F7HEAT. Al2g d3E C7F A
o ®l& F 2%, D& & ¥F°l BA AAHAG. of
e C7F A A HEF 2298l FAA 0.7
2 AHEHAR, D7} s 0.645 A4€ d 7]
3}, Fig. 16, 172 24 PYS WA( 1), W (1)l
A% 2HZAE yekdo. add, Fig. 169 5¥A
TEL UF A 7hgol Hol 3B A B} 2%
ol F7hHCIAM, £l 42 Aoz wddn,
Fig. 172 A 2% 134 A A=A, fviaid,
Holgo] FA= e vgdFe FIUEE FA57] A3
oA e 3ol =2 &S AT A vt 0.958 4

a
=
=

Process 1 2 3 4(L) | 4(8)

6 7 8 9 10

Drow Coeff.| 0.573 | 0.754 | 0.785 0.9 0.67

0.70 0.81 084 | 084 0.83 0.95

Fig. 16 Process sequence for model PY by method ( ] )
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Process 1 2 3 4(L)

4(8) 5 6 7 8 9

Drow Coeff.| 0.55 | 0.79 0.81 | 0.87

0.65| 0.64 0.80 | 0.824| 0.95

Fig. 17 Process sequence for model PY by methed (1)
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