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Development of A CAD Program for Optimal Desig:
of A Cylindrical Die with One Stress—Ring.
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ABSTRACT 2P 7}% (Stress-rings) & o] &3t=n, &

=gAMe sthe] BFYHE o]&¢ Die-ring
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Shrink-rings (Stress-rings) are used in the Qj H:AF2 ARt AAREE A

fabrication of dies for cold forming and
powder compaction processes to increase the walled cylinder & 7r2&0 qtzol o
allowable pressures for & given die material. Radial %87} Tangential

Optimum procedures are to minimize a die e Salo] wrAsich WAz
thickness under the conditions that the A2 (g;-0,)2 Cylinder W

stress distributions in the die and EF AL o, Winicly Holaag golbxirt

stress-rings utilize fully the strength

=Y

available in each of the die elements. This
paper proposes a new approach, where the
maximum allowable shrinking pressures are
calculated on shrinkage plans in the radial
direction and the fractional shrinking
pressures below the maximum allowable
pressures are used as the design values. Tuwo
criteria for the optimal die design sre used:
Maximum shesr stress limit for one-piece
dies and =zero tensile stress limit for
combined dies. A computer program, DIECOM
is developed for illustrating the

computer-aided design procedures. Finally,

examples for each case are presented in this
paper.
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5. 8 A #

Vvp = 0292

vs= 0.292

Yo= 150,000 pst

Ys= 100,000 ps¢

Tempering &% = 800°F

dHAAT a = 6.0 x107° inch/inch °F

i

(@ p,=0% pi=40,000psi 4 = Maxi-
mum shear stress 23§ o] &5 e},

B po=02 p;=30,000ps:1 Y = Zero
tensile stress Z71-% o}&3feh,

Die-ring o412} S5 % Wy2l 79
S Teisted FAATE o 1.52 HHsu

AFEFEE 150,000/1.5=100.000ps7 o],
Stress-ring olA= ¢tAAFE (.25 2 A
o AMRZFEE 100,000/1.25=80,000ps¢ 2
AR A (12) ~(14) oA bghe] walo
w2 H7tE Shrink-fit G# (5,) = Ta-
ble 13 2t}

5.1 Maximum shear stress limit
Ho7b& ps oA pF FATIEA Die-
ring @ 2342 Stress-ring o LT HEIAM
¢ HAEd Fig. T3 oy, AMSg4 Y,
=100.0001’si9—¥ Ys=280,0009 =4z
o] HEAAM Hie oS oW Hu Shre
ink- fit °;€%4 10 %ol sistale Fadol i
3tth  Table 2 o] = Die-ring® 73
2 6<17.75(inches) |11 Stress-ring & 7
2 b226.00(inches) olck  wpebs] FHH Ald
Are F o2dg EstHA] Hae bglojn
2, #AHASE b =5.0(inches) 2T}

oj=ke] p, gk Table 1 2 #keltAl 18,770

i

) sl &l x0.1= TT(pst ) o Alea) off &
e FEZUA x4 JAH AHao] = 0.1 =1,37T7(pse1 oj§ =2 3
2 o] Zlo|H g 3 inc y ol
o : . £ = vy bl
o He o HHe| Die-ring w7l 42 g o] dolHahs 07.00\3(11'1(_1'1:,.)/ },
s ézgﬁ‘}\?}_ Table 3 <A :,L_o«]z! 7y
. 2 Abep o)r 2}
a = 5 inches = 12 Die-ring 2 .
. S ol nQE— 1 < O
¢ = 10 inches 94,380 (ps1) o] Stress-ring 9,%40
. ( olEE TS ZAE EEL ke Z i
Ep= 30x10° ps: (pst) 0122 EE 2% s HH YA
N 6 ; 7 o] &
Es= 30x10° psi boels
SHRINK-FIT FRFSSURE (ps1)
R Fa.r(t2) £a.(13) Ea.(14) nax. ¥s
Table 1 5.000 0.25839 S0999.R9043 0.29114 0. 7883¢
aole 1. 5.250 5924.87254 48248,00391 6485,146592 G9T4,.87056
z+ Alej 2]3} 5.500 11064 04883 45518, 23428 11621.15723 11064, 048R3
. 5.750 f54%, 81984 42759.51172 15470.20801 15545.839849
P, % & 6,000 19479 16797 40000.00000 18773, 33498 18773,33398
A P 4.250 22950,00000 37247.19141 21060.00195 21080.00195
¥ 6.500 76028,10547 34507.91016 20635.26543 22ETRLPANAK
6.750 28770,57813 31788.32227 23585.10156 2BEHG . 10158
7,000 31224,45023 29093,95a58 23980,41014 23FR0.410164
7,250 33478, 95313 24429.74219 23890.07227 23880,07727
7.500 315416.66797 23800, 00000 23333.33298 2AXIXL FHION
7.750 37215.14063 21208,51172 20391, 62500 21700,51172
8.000 310847.65629 18658.53711 21060.00195 1RASR.S3711
a.2s0 40354.,02344 146152,84473 19398.29297 16152.84473
8.500 41651.17578 13693.75977 17422.00781 13453.75977
8.750 47933, 47578 11283,1858S 15183.06152 11783, 18555
9.000 44074,07422 8922.46527%4 12610.37109 RSP, 65734
2350 45123, 26563 6613.33789 vH10.32910 6813, 33739
9,500 46090.72266 4356.11035 6767.20218 4356.11035
9.750 46994.71484 2151,55396 3493.4519Q 2151,5539¢
10.000 47812.46875 0.08106 0.13733 0,08104
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Table2. 10% P, dd boll @& (o0,-0,)

B LEa.(6) Ea. (R) Ea.(10) Ea.(7) Ea. (%) Ea.(11)
5. 106668, 68404 ~12749. FIFLE. L7 IHR 10586464,.73438 o 106886.3046°
5. 10466646.644068 —-127a%, 93F16.471RE 54749 .81250 163646, YRARL. 21875
5. 108644.468408 -1274%. ?I918.47188 88154.272144 3172, 4c F1326.75781
5. 106666, 66404 ~1274%., 3916, A71HR RGASS.32813 4444 REIQ0,210F4
6. 108886.65406  -102087, $4378.47188 74074.07031 854, 4
6. 10464646.66406 ~13695. PACAL . AEALA bR2ASL . 6HHA04 6%11.99R% 7517B.A&406
& 1056466.66406 -11087. L7 1R9 7R39.0498¢ 7NPEE.4T18R
é . 1046666.66406 -10451%, 67188 BEESR.O1OAL L71R2 L A754S
7. I064884,44406 -%7°3., P HE4DS 404, 027291¢ ABR2T.BAV68
7. 106466, 66406 -§107., CAAA0A 1006R.

2. 108668, 646408 -BI?Y. R 104684, 4

7. 1066466.466406 —7266. 104620,

8. 106646, 66408 —6173. 10345.84941  S2012,5
8.7 106666, 664006 =-5106. T 1S,

8. 106444 .66404 -4187. A58 E 9849,

B 1006£6.466406 - O 103815, B%RA4 SEIRLT 2
9. 1058488, 8A408 1. 1046GR5, 4487 9192, 42214,

. 10666666408 -1naf. 1D478R. 00781 40327, 42
9. 108686.64408 -1205, 105461, 43063 as IR4RT,

°. 106664, 66404 -583. 106087, 80469 2RO51.72070 . ; 267668
ic. 1066A6. 64008 -0. NOhhEb . HA0AT 266646.71480 BLA0, G0aRE 35166,
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Table 3. b=6.0 inches Z$ 9 A

MAXIMUM SHEAR STRESS
DIE-RING STRESS~-RING

o, due to| 66666 66406 50370.37109
d, due to | -40000.00000 | -23703.70313
AP
a, due to | ~12287.99609 3989.33203
ps .
o, due to 0.00000 -1877.33276
Ps
total o, 54378 .66797 54359,70313
total o, -40000.00000 -25581.03516
o, -0, 94378 67188 79940.74219
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5.2 Zero tensile stress limit
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Table 4. 40% P, 24w bol @2 (o) & (0:-0,)

] €a.015) Ea.C16) Ea. (17> || Ea (1) €. (71 Fa. (10
5.000+] S0000.00000  -51170.4R4la ~1120.48438 79979.4796° 0.275681
5.250 50000,00000  ~51000.30781 -1000.00784 7756235938 654%.63916  79108.00000
5.500 00000 -30999.7°21% -9v9.99219 [ As115.70303 12689,94727 78905 . 84804
5.750 ] 100000 -50959.79739 -vvv.vvino 45219 1KE79. 52734 79071.07444

gb‘OOQ -06000 -49182.00000 24 DOOOO} BNEN 4 TI458. 644020 7 2RV
s.0%0 Q0000 -446R00.00000 3209.00000 L0000 27448,00000 LN0000
s.200 » Q0000 -44351.794507 %648.,00G371 L27744 313%6.71094 &93.499217
6736 » 00000 ~41307.99219 B192.00701 74409 3a450,07813 SBTRI1D
7.000 0.00000 -39158.06000 10FX2.00000 L3Ry A.32813 LTS0S
7.250 »0G000 -16432.000090 1ASAR.GO000 309007
2,200 50000 .040000 ~33400.00000 14400, 00000 18735
7.7%0 50000.00000  ~29064.35747 2057%.64453 16A8
3.900 50000.00000  =24495.30357 504.89141 A1904
8.250 | 30000.00000 EECEY asnas
g.300 Q000.00000 LINgAA 18406
8.750 50000.00000 05564 71875
3.000 | 50000.00000 78370 s21e9
9.2%0 5000000000 64063 05073
7,500 50000.000600 207474 V9746
?.7%0 5000¢.00000 £A2432 A7444.37427 11406
10.000 50000.00000 Lon6a? 49999.91406 0861

ole], olwlel p, 3t 6,860(psi) 2A AlQ2)el
ol3t wherekel Zolal: b = 5.87(inches)
o} 4} 0.0112(inch) o]t} Table 59 g2 4

8)~©@1e} 4 (15) ~(17) ol 2g S HAgdeold,

Die-ring & 2% o0, = —18.0(psi) 24 Zero
tensile 272 £33 Yo ™, Stress-ring
o} A% 78,990(pst) 24 HH LA 245
Fed=s

Table 5. b=5.87 inches A2 2&4tel

ZERO TENSILE STRESS LIMIT

DIE-RING STRESS -RING

g, due 50000.00000 39021 76563
to AP

g, due | -30000.00000 ~-19021.76538
to AP

o, due | -50017.76172 14080 .65527
to Pg

o, due 0.00000 -6863.83447
to Pg
total o, ~17.76172 53102.42188

total o, | -30000.,00000 -25885.60156
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