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Durability of Cast Iron Against Repeating Impact Load

By Hidemaro Kawahara and Kimitaka Yoshida
Wakamatsu Works, Hitachi, Ltd.

Abstract

In spite of its brittleness, cast iron has been used extensively as machine
parts in such applications where the comparatively heavy impact load imposes,
because of its many excellent properties which far outweigh the defect. It is a
typical example of cast iron applications that the cast iron roll is used generally
in the hot mill on account of its excellent wear resistance, at the risk of break-
down under comparatively heavy repeating impact. However, we have had to
date little knowledge of the properties of cast iron to be shown under the
repeating impact load.

This report provides the results of the writers’ experiments on the durability
of pearlite cast iron, which constitutes roll body, against the repeating bending
impact.

The results are summarized as follows:

(1) Temperature variation over the range of 3°—30°C has no influence upon
the durability of cast iron against the repeating impact load.

(2) The logarithm of number of cycles to failure, log N, is inversely propor-
tional to the magnitude of impact load, P.

(3) Under light impact load, the tensile strength of material is proportional
to log N.

(4) When the characteristics of material are to be evaluated, it is preferable
to apply heavy impact load to the specimen.

(5) Cracks in specimen emanate from the nib of flaky graphite and in free
cementite. Cracks in pearlite matrix propagate in transcrystalline type in
case of plain gray cast iron, while they become intercrystalline in Cr alloy
cast 1iron.

(6) These materials containing much C.C. in comparison with T.C., or having
graphite carbon distribution in network form in their structure, are weak
to 1impact load.

(7) Log N is inversely proportional to the notch factor of specimen.

(8) The material containing much C.C. is sensitive to notch.
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B | #2 | 231 110 206 0.60 0.21 0.048 0.35 o
o) o
= 2 FE e R Oy B O O HE ok W 3 B g A RBOJE
Table 2 Fatique Life of Specimen for Repeating Bending Impact
2 o®mos R B A (% 1) | B (% 2)
% AT (k- cm) | 20 30 40 50 | 20 30 40
1 N; (log Ny) | 726 (2.86) 106 (2. od) 24 (1.38) 6 (0.78) | 3,158 (3.50) @ 480 (2.68) 79 (1.99)
2 Ns (log N2) | 58 (2.77) | 89 (1.95) 20 (1.30) 5 (0.70) | 3,034 (3.48) 423 (2.63) 43 (1.63)
3| N3 (logNs) | 577 (2.76) | 68 (1.83) 18 (1.26) 2 (0.30) 2,640 (3.42) 368 (2.57) | 36 (1.56)
4 N4 (log Ny) 573 (2.76) | 64 (L.81) | 17 (1.23) | 1 (0.00) | 2,332 (3.37) | 210 (2.32) 11 (1.04)
5 N5 (log Nj) 463 (2.67) ‘ 59 (1.77) 11 (1.04) 1 (0.00) |
logN o F ¥ {4 2.76 1.88 1.24 0.36 3.44 2.55 | 1.56
logN o o | 0. 060 0.095 0.112 0.338 0.02 0.136 | 0.342
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Table 3. Chemical Composition and Tensile Strength of the Specimens
. | _ 4 L Jik; 43 (%) W BE H
MEHES | = — 2B SE . — |
| I o 5 Si Mn P S | Ni | Cr | Mo | (kg/mm®)
C 2 2 2.18 .11 | 179 | 0.24 | 0.2 0.066 0.27 41.2
| |
D § 2 2.31 Ll | 206 | 0.60 | o0.21 0.048 0.35 35.8
E %2 ‘ 2.22 1.30 | 2.24 0.84 | 0.23 0.053 039 30.5
F | #2 . 2.06 108 | 2.29 0.62 | 0.27 0.060 0.4 | 28.6
G | #5x | 2.63 .26 | 1.7 0.62 | 0.19 0. 057 \ 1.30 0.74 0.75 32.3
H ‘ £ 5x 2.38 1.36 | 1.84 0.55 | 0.19 0.054 | 2.30 | 1.03 0.74 30.1
I | #5x | 2.46 1.36 | L97 0.68 0.15 0. 060 1.76 | 0.99 1.10 2.2
|
J £ 5x 2.41 1.88 | 1.47 | 0.62 0.17 0. 056 1.99 1.14 1.16 27.1
K # 1 3.21 1.44 | 111 | 0.47 0.21 | 0.061 | 0.86 26.3
L . $3 . 3.00 1.48 1.52 0.51 0.26 0.055 | 1.05 | 21.9
M | 4 2.86 | 1.32 1.70 0.62 0.25 0.059 | 0.76 | 24.6
N § 7A 3.10 1. 64 1.02 0.45 0.19 | 0.122 ‘ 1.11 26. 1
| |
0 % > F 2.95 | 1.20 0.54 0.24 0.54 | 0.089 | 0.03 | 0.30 22.8
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Table 4. Relation between the Tensile Strength, Index of Fatigue Life for Repeating

Impact and C.C/T.C
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Table 5. Relation between the Curveture of Notch “R”
and the Notch Factor “a”’
tﬂj{ﬁ@ﬁﬁq@’#@ R 1mm 2mm 3mm dmm | 50 mm
IR & ﬁ;iﬂ%’zﬂﬁz o ‘ 2.18 1.82 | 1.48 1.26 1.03
FOox W X | B % o (& =B K 4
Table 6. Chemical Composition of the Notched Specimens
| e “ # % ® i) (%) ’ Sy
e SRl | . — — ——(kg/
' # K| T.C|C.C| Si | Mn P S Ni Cr Mo i mmz)
P # 2,20 | 1.14 | 1.88  0.52  0.30 @ 0.068 0.42 35.3
Q % 2.15 | 1.20 | 1.87  0.26 0.25 | 0.064 0.23
10 X R #5¢ | 2.63 | 1.26 | 1.71 0.62 0.19 0.057 1.30 0.74 0.75 32.3
BER MR Ic 4 B A L 7o 8 640 % S $ 3.21 | 1.44 | 1.10 0.47  0.21 | 0.061 | 0. 86 26.3
Fig. 10. 5 £3 3.00  1.50  1.52  0.51 0.26 0.055 1.05 21.9
Microstraetiusre of Cast Tros i U %4 2.86 1.32 1.70 0.62 0.25 0.059 0.76 21.6
which the Graphite distribute \Y% #7A | 3.10 | 1.64 L.02 045 019 0.122) 2.41 | 111 26.1
W [ ¥>»F 295 1.20 | 0.54  0.24  0.54 0.089 | 0.03
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