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An Automated Process Planning and Die Design System
for Blanking of Stator and Rotor Parts

J.C. Choi**, B M. Kim** C. Kim* and S.M. Lee*

ABSTRACT

This paper describes some research works of computer-aided design of blanking and piercing progressive
die for stator and rotor parts. An approach to the system is based on knowledge based rules. The developed
system is composed of six modules such as main program, input and shape treatment, production feasibili-
ty check, strip layout, die layout and drawing edit module. Using this system, design parameters (geomet-
ric shapes, die and punch dimensions and dimensions of tool elements) are determined and output is gen-
erated in graphic form. Knowledges for tool design are extracted from the plasticity theories, handbooks,
relevant references and empirical know-hows of experts in blanking companies. The developed system pro-
vides powerful capabilities for process planning and die design of stator and rotor parts.

Key Words : Blanking & Piercing(£%7/3]914), Knowledge Based Rules(X| 4 H]o] 2=74),
Process Planning(F344), Tool Design( 37424, Stator and Rotor(ZEl°|E] ¢} ZH)
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Table 1. Spaces between blanking parts and strip edges

.. Workpiece, Tlickness T~ Parts Ghape | Giruler
~05 10 15
05~ 0 ¥
10~1. 2
12~1% 5 X
5~20 1 .0
| 20~25 1§ 23
25~30 1 25
.0~40 T, 30
40~50 X A
I~ T, Y
80~7. 41
}‘ 0~84 45 T
3.0~9 50 :
90~100 g L
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Table 2. Limit distances among internal features of
blanked piece

Critesi T v
Line - Circle Mini Dmnez
Circle - Circle Distance 2 08 X Thick
Circle - Are Distance 2 09 X Thicl
Line - Line Mini Distance 2 (15~20) X Thick
Line -Arc i Distance 2 08 % Thic)
Arc -Arc Minimum Distance 2 08 X ‘Thickness
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Table 3. Minimum dimensions of holes by piercing depending on their
shape, the thickness and on mechanical properties of parts.
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Table 4. Mechanical properties of Tool Materials(Tool Steels)

" Mawial T c«zmdmwr G SRR
P @D exumton || TG YW;; | P
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S jAsy e (nL’C)'w s Bl .|
SKD 12} A2 786 187 [ 20600 2L5 03
786 137 0 20600 1% 03
.. 786 137 8 20600 16 03
SKD i D2 | 770 122 62 20900 218 03
1 T 122 0 20000 1% 03
: 1 170 122 58 20000 16 03
SKD1{ D3 }§ 770 124 62 20800 215 03
770 124 0 20800 1% 03
10 124 S8 20800 165 03
SKD LI HI3| 7.78 122 56 21200 155 03
{ . 176 122 ] 21200 150 03
. 17 122 52 21200 185 03
- 176 122 .50 21200 130 03
. 776 122 a | 220 | 03
- 178 122 2 21200 110 03
ROEE A 122 B 21200 90 03
SKH 9] M2 ] 818 105 @ 22000 245 03
816 105 64 22000 =35 03
. ] 8l6 105 63 22000 225 03
. 816 105 62 22000 215 03
Sk sef-Md ] 797 105 & | 20 | 25 03
A P B2 105 6 23000 2% 03
B 797 105 ) 23000 bl 03
SKS3j oL 18 138 & 20600 215 03
. foi] 18 139 6 | 2080 | 26 03
- 185 139 -] 20600 1% 03
N 139 8 | 260 | 165 03
»fF 18 139 54 20600 150 03
=1 786 139 -] 20600 130 03
. Hy 18 139 4“4 20600 120 03
DR -] 139 40 20600 110 03
SKS 411 S1 | 788 136 8 20600 165 03
. .} 788 136 56 20600 1% 03
SCM 4 }4i40f 7845 137 38 20400 %0 03
EE 1845 137 3 20400 0 03
Q&SLM 1866 183 oL 20600 110 03
: < 7865 133 35 20600 50 03
. 1 75865 133 3 20600 0 Q3
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Table 5. Minimum die wall thickness
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*  Materisl Selection =
SANRARSARRRRAREAREEEARERRRS

1. Steel

2 A

3 Zinc, Oy Brass, Tin
Bronze, Lesd, Nickel,
St

4 Non-exist Motal

Select the Number : 3
Select the matarisl (Ex: Cu): §1

& HEAT TREATMENT CONDITIONS »

Lmo-mw—mmor A=SOFT Mat’l, O=HARD Ilt'l‘]

Input heat trestsent condition <C/AX: C
RERARRRERERICAONANENERRANIRS
*  WORKPIECE THICKNESS =
CRRRESERRERRERARENENIRERINRE

I Workpiece Thickness (em) <0.001... 10.0> 1

w loput tho Thickness : 10
* After press return koy to contimue, wait for a sioute!

ERNUASSARIENARANERIRTESN
® DIB BLOCK MATERIALS »

EEERRYSTEXARITERALRAANER

SatEtaRIRILISACRLRERRS Y

* ENOCK PIN DIAMETER »

ApeRRIASEARARASARALALUNR

fpock pin Disscter (mm) J

= Input the Diemeter : 10
» After press return key to contirue, wait for s minute!
APARRSSEARASSRARASRERARANARS

*  PASTENER BOLT DIAMETER «

AERZERRRENEARISRASY LR SN SEE

Pastener bolt Diamotor (se) ]

w Input the Dismster : 10
* After press return key to continue, wait for & mimute!
SERESRALARENRILANSRASRSAR

*  SPRING DIAMBIER @

Spring Ditsater (am)

® Input the Disseter : 30

* After prass return key to continue, wait for a minute!

1. Y00l _SYEEL
2. TUNGSTAIN CARBIDS;
Select the Nusber @ 2
sus  JUNGSTAIN CARBIDE (W.C.) sss
ns HrA Jis HrA
GIF 820 3oL 8.8
[~ $1.6 D40L 86.6
D10 0.5 0500 8.0
D20 90,0 beoL 3.5
w5 80 jugi® 82.0
30 88.0 AEB0 8.5
D40 87.0 w 90.5
50 28,0 1010 92.5
60 845 T 8.0
D25t 8.5
fnput ~ Matorial : 530
Input ~ Herdness @ 68
SLARANKARACASARA CANAREEN
®  PUNCH MATBRIALS =
SETHERTARIRATANACI SRARNS
1. TOOL_STEEL
2. TUNGSTAIN CARBIDE
Satact tho Musher : 2
ses  TUNGSTAIN CARBIDE (V.C.) sa»
s HrA s HrA
G 92.0 3oL 8.8
GF b5 D4OL 86.5
pto 80.5 bsoL, 85.0
w®o 80.0 DeoL 83.8
4] 8.0 Lo 8.0
030 88.0 ABSO 8.6
D40 ar.0 [} 90.5
080 88. ¢ TU10 92.§
B0 845 MO 8.0
s 8.5
Input - Material : D6O
Input - Hardnoss @ 84 5
SENSEESANANARASANARATANA
*  STRIPPER NATERIALS =
NESERERNNAREREARNRARARNE
1. TOOL_STEEL
2. TUNGSTAIN CARBIDE|
Setect tho Namber © 1
xaz  TOOL STEEL ssa
118 | AIS1 §rC

SKD12 | A2 58 60 62
KDt ( D2 58 80 82
SKDL 23 58 60 62
SKDBY | HI3 | 35 42 47 50
52 54 &8
SKHY Nz 62 63 64 65
K54 | M4 63 84 65
$KSS o1 40 44 50 54
58 60 61 62
SKs4 | S 56 58
SCE | 4140 ) 28 35
SNQMA | 4340 | 28 35 @2

Input ~ Matorial : SKS3
input - Hardness : B0

Fig.2 Input data of the CAD program for stator and rotor
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4.3 cto] lojot2

SEEESSERIERRENLREILINEN -

s Minism disteme ¢ 2EY golol9] AEH oz FHAA ] sl

prmm—— tho] Flojol: BEo] 433 ANE Fig. 69 eI
£ it - e £ 538 e Fig. 6& 27 gol#dl, 28] ¢2E 4%, 280y
3. Circle - Arc ¢ 14,5354 {possiblp) £2E #Ax, 2§ 297 83, A0y 97 #AX,

ne - Line : 3,89845 (possible) _
Lt ST ol ~EYTe] SHEARES UHY A0E tholg A
B. o - Arc : 3,693 {possible) °ol9] FME 0.06mme|x 359 F4HL 2HH &

RE FHeZ FH F= 113.66mme Xl AATE
g T A1 oA AeYY FAH Ty~ FHY A
Ninimn Digaoter of the Hole : 117.5 (possible) #o] 55.15mmEX tho| B8 AAX 49 30%°] 8]
HY el USE & AT B ANE 2EYY o
2 38 2xge) £ AARLEY 4, % o} Wel £
Minia Dioenslon of Arc Radlus : 0.4 (possiblo) 7t ARE AR A o] 88, 2EY T vjd ol o
Fig.3 Output of production feasibility check g ARl gl Abroleke AA7} Solstn ARt} 7
HE 29 + 9€ Aoz g€,
tolgolobze] Aol W FH F29 AREE
Fig. 72 2t}

¢ Hinimue Diemeter of the Hole &

¢ Hinimn Dinenston of Arc Radius +

[ 191.00 | 191.00 , 191.00

+ Blanking total Force(kg) ¢ 1391000
+ Strpping Forcelkg) @ 83450

+ Clearanoe{mm) : 003

¢ Spring Number : 44

* Knock pin diameter(mm): 10.0

Criterion distance : ¢ Fastener bolt diameter(mm): 10.0
‘ ad + Koock pin number: 28
* 1-2 distance ! 7441 (possible) : :umﬁ:: n\u;lb& P ]
o mm): 435714
* 2-3 distence ! S5L.78 (possible) + Bolt pitch(mm): 33.8689

¢ Distance from left corner to Center of Pressure(mm}: 42000

« 3-4 distance : 1654 (impossible)

Fig.4-a Output of initial strip layout

191,00 . 191,00 1 382,00

* Criterion distance : 26.02

* 1-2 distance : 7441 {possible)

* 2-3 distence ¢ 5179 (possible)

* 34 distance : 19854 (possibte)

|
Fig.4-b Output of final strip layout 5.2 &

B =2 A7 FEY 2L o)FE 2H
o] & ~HolE| g ZEES B BF FHAA 2
PHAE s T 4 & CADMN2®(RTSTDES)
& Mdste] 112 ZH Y 43 28 Fo| & AHolEg 2
B A&t £ A3 o3 2 428 A9t

ol

Fig.5 Strip layout carried out in blanking company
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ase

2500

Fig.6-b Output of die layout (rotor slot punch design)

2500

B T
___m____LAa_[
Fig.6-c Output of die layout (stator slot punch design)
d2
f ]
% z
d
h1 55.00
h2 8.00
dl 117.47
d2 137.50

Fig.6-d Output of die layout (rotor blanking punch design)

d2
' 1
< 1 —
’ 1
| :
|
d1
ht 55.00
h2 8.00
dl 189.97
d2 210.00
Fig.6-e Output of die layout (stator blanking punch design)
1| $00030500 BOOOd
oy, d
O |
9002009000200000000000

Fig.6-f Output of die layout (stripper design)
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WeE 1|1 ] (AT ] it
WA |OE_| PONCH WELOR_| ORI PLRE | SRIPER | D S| STAOR BUUNS P CH | SATR S0 PURCH
NS I (1)
1|1 1 1 1 1 ¥
[0 W1 T ]
VT A P [T 567 ROTOR SHACT PNGY | PLOT PURH
W |0 ] m W
1 11 1
AR —

Fig.7 A structure of progressive die and bills-of materials

1. Z2IYAE tolo] FPHA Hag 7ex 7
e 14 = AAsletd FYAEA TP S Fslet
dor 34 € FHHA A5 Al 2HE AL

2. 948 279 2HHY 2HE £ 999 IS
AutoCAD#7 8l =Hssla 238 o) 2 A7)
W R A2Rle =HstE g4 st 47 7HE 7t
T4 ARE AN B3 gl 71F BUH5E Wl
£ 7tF E7Vs 998 JYe 1 71 e g A
& 5 9oz AA YAdM wgd £ e LFE A
Aol g 4 UL RAoldt.

3. B A2"lE olo|E 39 F7t ARE HUEo
tholo) B&S e A9 FPo2 AFHA & 4 8
£ Aol

4, B N2"dq AAE 2EY #olotg A= AR
A9 2EY #olotx ZAel & I

5. AutoCAD3}A A 95 = AutoLISPRAE AHE-
o Yoz 7AE T2ade Audozs A
o] gl A 41 FEsA ddte 2H o HY ZHY
A0 2 44 =29 Ao & € F ¢
i o2 st A @&S 7HA & 4 JleBR
B4A &o] 7ldidrt,

7|

ok

Ed7e 243303 999 2 3048 2 2
Y742 ATAEY ARa] AFIAC o] 2AE
=gyt
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