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Table 1. Examples of material used in the powder
forging
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Fe-Cu-C ZFat4s!  Wheel hub
Housing end
AgF7t FE 46007 HAghiel Z}2 race
41007 7] gk4-ql 7)o 5
Sleeve
2o 552 Al-Si-X 83838 Scroll rotor
2-E gl ol FAl& Qil pump rotor

Piston
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Table 2. Typical heating types in powder forging
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Press Mechanical press
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Table 3. Conmparison of repressing mode and forging
mode in powder forging
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Fig. 1. Optimal deformation mode.

AL=2 AYFr] o3 287 549 a9
oo wel 2A A hSr(repressing) 7 w3(for-
ging) B=9] 271X 2 vpH o] L B4 F 39 )
wE LT Y] FldA] el EA Edo] £2A)
7} Skt Abgtete] BAE A¢ whas] B2y
o] Yqlo] g ¢ glod HEAME 7AA &
A edgrg w7 wEel 4lske] AE 96
A 7Fsdt & F57kde] a7EY 4 4 8
279 w2 £917) 7td s e B2 @R
Zhdabg g & 204 el dr} @Al eleiA
Aduldsdd e Fgde)e F¥A] mlEdATE

o] i whx X o]¥L Ko|dlA whw Fwl ALEA
R 2B S gEA] v Fasic)l, F3e
8 E s 5L FEY 97 FYd
i%E 39 £9E AFAsln, HEY FFAL
A7 gz A 2 AEFEAe] AkEE
A kA sk gl ‘QH}@ 2 AMEEE S84
v T84 FAARA S8 F2 AEIE FA

COARSE

FINE
o . L

00 05 10 15
Volume % added slag

Fig. 2. Impact strength of powder forged 4340 steel.
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Fig. 3. Comparison of manufacturing costs of pinion
gear and connecting rod.
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Table 4. Trends of connecting-rod manufactured by
the powder forging
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Fig. 4. Fracture splitting process by Krebsoge: (a) V-
shape groove shaped during the compaction of prefo-
rms, (b) then closed into a short crack, (¢) fracture
splitting of the cap from the rod.
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Fig. 5. Powder forged automobile parts,

Table 5. International patents of fracture splitting pro-
CEss
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1986 GM HAA HAAAGAYYH 2, F71F)

1989 Krebsége Fdchzol| mighidharz) =48

1990 BMW  Cap® Shank¥ & ¥x= A= %
dAYew gz

1992 Ford  F48% ddZ 333 Hetr

gol 957 24 2

1993 Schmidt #eo)A Wez $HAEE ¥ /B

Table 6. Transitions of manufacturing process in auto-
motive parts

5 3 A = H

Engine Connecting~-Rod Hot Powder
Forging Forging

Gear-Box  Synchronized ring Hot Powder
Forging Forging

Synchro hub Hot Powder

Forging Forging

Rear-Axle Flange Hot Powder
Forging Forging

Bevel gear Hot Powder

Forging Forging

Side Gear Hot Powder

Forging Forging
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Table 7. Manufacturing companies and powder forged
parts

v ¥ o9 EEE

Stator cam Hydramatic Division of GMC
Imperial Clevite

Automotive differ- Delco Moraine Division of GM
ential bevel pinion Cincinnati, Inc.
and side gear Gleason, Inc.

Keystone Carbon Co.

Michigan Powder Metal Products

Connecting rod Federal Mogul
Ford
Fiat
GKN
Toyota

Fig. 7. Several preforms and powder forged parts of
differential pinion gear.
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