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A Study on the Cold Forging Die Design for the Adapter of Automobile
Engine Mount considering Tool Service Life
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Process and die design of cold forging for the asymmetric part, engine mount adapter has been studied. Forging of the
asymmetric part frequently causes die failure because of the high forging load and local stress concentration of the die.
Thus, performing process design of cold forging to minimize forging load is required. Preform for the engine mount adapter
was chosen based on the forging load and filling rate of forgings by the finite element analysis. In the die design, number
of stress rings, interface radius, and relative interference were investigated in several cases with maximum principle stress
by the finite element method. The shape of the die was determined by comparing the load changing the radius of the
flange area. Also, the life of the designed die was calculated using the Goodman theory by cyclic fatigue loading. As a
result, it was confirmed that the calculation life and results of the test were identical. In this study, it is verified that stress
concentration and fatigue life should be considered simultaneously in the design of cold forging die for the asymmetric part.
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1. M2
NOMENCLATURE

Z]-o]| & z QO EL oX|9o] XL ZIAA]7|= B o
dy = Inner diameter of insert die ARg Aol Al QIR kB dzle] WEs AT __FW
D, = Outer diameter of insert die 2A FY vRES} ofHE|R FAEo] 9lor QxS XA
D, = Outer diameter of 1st stress ring 1A= ATHe 3t} AR AfREo| AlRE= ojHElL: A
D; = Outer diam.eter of 2nd §tress.ring o] AARZ O A 7)50| wel thokst FARS AT Fig. 13}
S = Stress Amplitude of forging die 2o o7 nfSESL ofHEL 9% A

N = Number of cycle

R z] o] A}z}ER OF0] EAF ZE 71x]31 9] o Z
a,b = Material constants Al AR BOFe] Epdt 2E 7HA AL Jlow
=S

Sy= Fatigue strength Al Al A EGo] ofEeo A 7HE AA
Sut = Ultimate strength AArElo] ghtt. o] ggl FRS Aol Wil A& FAHo] Bt
0y = Mean stress sho] ek AAL W 7h S 18l W E THe ol 8Rt
ou = Alterative stress 34 A7 QFE B ATolaE fatasslig olgsto]
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Fig. 2 Preform shape manufactured by part former
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Fig. 3 Filling status according to preform shape.
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Load Prediction
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g. 4 Forging load prediction by FE Analysis
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Fig. 5 Initial forging die design with 1 stress ring
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(a) Insert after fitting (b) Insert after loading
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(c) Die ring after fitting (d) Die ring after loading

Fig. 6 Principal stress distribution of die with 1 stress ring at the
diameter @ 73 and 0.8% shrinkage fitting
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—a— nsert_Fitting = ==|nsert_Loading —a—Ring_Fitting

—a—Ring_Loading == |nsert_limits —e—Ring_limits

73-0.4%
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93-0.6% 73-0.8%

93-0.4% 83-0.4%

83-0.8% 83-0.6%

Fig. 7 Maximum principal stress distribution of die with 1 stress
ring for finite element analysis conditions

Table 1 Maximum Principle stress of die on fitting and forging

conditions
Insert Ring

Diameter Shr(i(t;(l)()age Fitting  Loading  Fitting  Loading

0.4 -85.7 2690 471 602

075 0.6 -130 1980 707 824

0.8 -174 1290 944 1050

0.4 -166 2240 475 594

085 0.6 -250 1630 711 926

0.8 -354 1060 951 1050

04 -144 2510 499 602

095 0.6 2216 1920 751 851

0.8 =277 1330 1030 1100
dEHos wAlS Fig 63 2t} sjATelN Byon
QATE UGS oF 343 MPa, Y oA 2 S
22 oF 763 MPa2 o5 E|Qlt). ol= 7HE 47 o] A
g Ao didEs BAE BES 7IEoR SASHH. 71E
7F 2 v 3, d2aollA ) SISt Fig. 79k ol
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Stress - Max principal (MPa)
350

357 Max

(a) Insert st Fitting

Stress - Max principal (MPa)
1770
207 Min
1770 Max

(d) Ring 1 1st Fitting

1250

(g) Ring 2 Loading
Fig. 8 Principal stress distribution of die with 2 stress rings at the 0.6% / 0.4% shrinkage fitting

Table 2 Maximum principle stress of die on fitting and forging

conditions
1st Fitting  2nd Fitting Forging
[MPa] [MPa] [MPa]
Case 1 Insert -58.7 -108 1930
Ist Fitting Ringl 535 231 398
040% " Ring2 - 681 693
Case 2 Insert -86 -168 1410
1st Fitting Ringl 697 348 470
050% " Ring2 825 843
Case 3 Insert -115 212 885
Ist Fitting Ringl 870 446 522
0.60% " Ring2 - 973 988
22351 = 22 o] 1,130 MPa, 558 MPaZ H7}E-S F7151A] &
%S ] gt e £ woln Ut AL ¥+ 3
ATk

(b) Insert 2nd Fitting

(e) Ring 1 2nd Fitting
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(c) Insert Loading

Stress - Max principal (MPa)
1570

Stress - Max principal (MPa)
1580

4|s 324 I

418 Min & 324 Min
1590 Max = 1570 Max

(f) Ring 1 Loading
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Die
Shape
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Fig. 9 Filled shape of forgings according to radius size

Load Prediction
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Fig. 10 Forging load prediction by FE analysis
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Table 3 Equivalent stress and fatigue life calculation of shrink fit dies

Class 1s{h1;ilfz]rlg ZnS\/l;Ii,t;ng L[ii(li,;rig Me[al\;l[;;r]ess Stres? 1\e/lIrIr:;]l)]litude Fatigue life
Dl-a 1330 - 2470 1,897.9 568.8 39.6
Shrink fitting Dl-b 1290 - 2220 1,757.1 465.1 2,721.8
with 1 ring Dl-c 1320 - 2390 1,854.5 533.9 157.5
DI-d 1040 - 1930 1,483.0 4427 123,415.6
D2-a 1270 2330 2040 2,066.1 140.3 457,260.5
Shrink fitting D2-b 1500 2760 2110 1,969.0 173.5 685,336.7
with 2 ring D2-c 1020 1880 1810 1,936.0 56.0 5.9E10
D2-d 1040 1910 2030 2,149.8 1193 138,983.2

Stress - Effective (MPa)
2110

Stress - Effective (MPa)
270

(C) Position of ‘a’, ‘d (d) Position of ‘b’, ‘c’ (b) Die with 2 rings and forged part

Fig. 12 Von Mises stress distribution of forging die after forging Fig. 13 Fractured tool shape on the number of shrinkage rings
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