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Failure analysis of powder compacting punches made of
powder metallurgy high speed steels
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Abstract  P/M high speed steels (1.28 % C, 4.20 % Cr, 6.40 % W, 5.00 % Mo, 3.10 % V, bal. Fe) from two
different venders were applied to powder compacting punch. The test results show that failure lifes were very dif-
ferent between two punches. There were no difference in volume fraction and mean size of carbides (MC or MgC)
but non-metallic inclusions in two punches. Small amount of non-metallic inclusion in the punch did not greatly
affect impact energy and transverse rupture strength (TRS). But, fatigue life was drastically decreased by non-
metallic inclusions, These results show that fatigue failure was initiated around non-metallic inclusions by cyclic
load and the fatigue life was greatly affected by the presence of non-metallic inclusions in the punch,
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Table 1. Chemical composition of P/M high speed steels
supplied by two venders

wt. % C W Mo Cr v Fe

vender
A 128 640 50 42 31 bal
B 129 642 476 435 2.86 bal

Fig. 1. (a) Punches for compacting Cu based powders into

oilless bearing shape. (left side: upper punch, right side:
lower punch) (b) Compacted body for sintering.
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Fig. 2. Punch A ) and punch B (b) after compacting
40,000 and 1,200,000 cycles, respectively.
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Fig. 3. Mlcrostructures of punches made of P/M high speed
steels. (a) Punch A and (b) Punch B (Nital etched)

Table 2. EDS analyses of substitutional elements in
carbides

carbide type :
W MC(gray) ~ MgC(white)

v 3288 2.78
Fe 27.03 3176
w 2249 40.13
Mo 12.72 22.16
Cr 4.88 3.17
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Table 3. Volume fraction and mean size of carbides in
specimens A and B

specimen

vol. % an A B
mean size of carbide

MC carbide, vol. % 5.61 5.76

MgC carbide, vol. % 6.82 6.51

total carbide, vol. % 1243 12.27
MC carbide, mean size{lLm) 0.79 073
M¢C carbide, mean size(jim) 1.05 1.11
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Fig, 4. Microstuctures of punches made of P/M high speed
steels. (a) Punch A and (b) Punch B (As polished)
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Fig. 5. EDS analyses of non-metallic inclusions in A (a-1, a-2) and B specimens(b).
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Fig. 6. Size distributions of non-metallic inclusions in pol-
ished A and B specimens.
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Table 4. Mechanical properties of specimens A and B

Property Impact energy Transverse rupture
Specimen (J/cmz) strength (kNImmz)

A 174136 4271006
B 1991635 4.461£0.05

Fig. 7. Fracture surfaces of impact tested specimens of P/
M high speed steels taken in (a) punch A and (b) punch B,
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Table 5. Number of cycles to failure in three point bend type specimens subjected by cyclic compressive load

Load(stress) 1275Kg 104.1 Kg 86.8 Kg
m (334.4 Kg/mm?) (273.4 Kg/mm?) (226.9 Kg/mm?)

A 434 cycle 818 cycle 1,962 cycle

B 351 cycle 2,331 cycle 4,695 cycle
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Fig. 9. Chipping fracture surface of punch A after powder
compaction testing,
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