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Increase of Delayed Failure Strength by Partial Unloading Method

Keijiro NAKAsA, Mitsuo Kipo, and Hideo TAKEI

Synopsis:

The effect of three types of pre-stressing, i.e. partial unloading, one cycle loading, and perfect unloading,
on the delayed failure strength was investigated using the notched specimen of JIS SNCMS steel quenched and
tempered at 200°C. Using the test stress, ¢, the maximum stress, ¢pyax. (>0), and the unloading stress,
04, the three types of pre-stressing are expressed as:
partial unloading: o¢max.—>0max. —0o(=0), one cycle loading: omax.—>0max. — 20,0 max. —0a(=0a),
and perfect unloading: Omax.~>0>0max. —4(=0). The results obtained are as follows:

1) All the pre-stressing methods can markedly increase the lower limit stress Osce if the unloading stress
oy is chosen appropriately. Among the three pre—stressing methods, the partial unloading method is the
most effective for increasing the delayed failure strength, and the lower limit stress obtained by this method
is 4.5 times as high as that obtained by usual delayed failure test.

2) The minimum unloading stress necessary for increasing the lower limit stress Osee 1s smaller in the
partial unloading method than the one cycle and perfect unloading methods.

3) The reason why the delayed failure strength is increased by each pre—stressing method can be explained
by the decrease of surface stress at the notch root, which will suppress the corrosion reaction and prevent the
invasion of hydrogen atoms into the material.
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Table 1. Chemical composition of specimen (wt%).

Mark C Si Mn P S Ni Cr Mo Fe
SNCMS8 0.38 0.27 0.76 0.011 0.005 1.81 0.82 0.19 Bal.
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Fig. 1. Specimen for delayed failure test.
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Fig. 3. Relation between nominal bending stress
and time to crack initiation in usual
delayed failure test.
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Fig. 5. Effect of unloading stress (or maximum
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crack initiation in various pre-stressing
methods.
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Fig. 7. Effect of unloading stress (or maximum
stress, unloading ratio) on the time to
crack initiation in various pre-stressing
methods.

DNTERBREELEVWIOSXTHZENTES. T
bbb, WThOHEZAWTD FIREBHUEERX o
ZBEOARBFEOL DO I L LT 2.3 f5 (90/40)
W ER WD ENTES. 0=125kg/mm? D4
(Fig. 5) iwd 3 EEOTOTHEI XY 100h BiyT
ENPHESETRVWE ST H I ENTE, Lo T

Osec &K 3.1 f5 (125/40) i LHTE %58, {£FOT
AL R NT, EREARR A 100h D g 5ok
B BRI T O BARMA § 7 b BEERRFEIG T (0a)c 13,
abrfE (1) &b/, 194 Z2vaRik(l),
sEafrfik (1) Ol k&< 7%%. o0=160 kg/mm?
DOYE (Fig. 6) 12VE, TERFIETIE 6 ZEDXS
L SR TH SRFERHEZ 6 XV ELTHZ LR
TERV. Thbb, TLRFEETIE oscec & 160 kg/
mm? [J i iETER Y. 2t L, B RRiE
BIX L34 2 VARETIE o, 2 RKEL X 100h
DINTREHBRFEELEV. Thbb, ThHoFOT
BIRIC X UE o5cc FI4H5 (160/40) 0% T LR SE
HTENTES. 0=180 kg/mm? g4 (Fig. 7) i
W, ERBRTETIE O Lo & BRI A2 100h Dl kT
X, ZOBHEICE DT osce P58 4.5 % (180/40) = h4
M3 %. Z0D 0se=180 kg/mm? &\ 5{HIZELKHT
DT RS oy (=210 kg/mm?) ¢ 80% IZFHY L,
BEYIETHD.

Fig.8 13, £FOTHEIIOCERBIEH oizDWT
oo AL SN ERFERE» S, Bhuk

220

200 \~-:‘--T--T"~~
\ S

Nominal Bending Stress , O (kg/mmZ?)

I I wcm_ari /
o -

40 -

%)
o
T

|
L Oscc (=40 kg/mm?2)
20 14L 1 1111 1 11 111l Il 1 L1l L i ||1ur
o 10 102 10° 10"
Time to Crack Initiation , t (min)

Fig. 8. Relation between nominal bending stress
and time to crack initiation at various
pre-stressing methods. Each curve was
drawn using the results which proved to
be most effective for increasing the delayed
failure strength.



582 g & M

¥ 64 &£ (1978) #55

[<] [+
Q o]

H
Qo

N
Q
1

Critical Unloading Stress , (Ca)e (kg/mm?)
- »
O Q

]
80 100 120 140 160 180
Nominal Bending Stress , O (kg/mm?2)

Fig. 9. Relation between nominal bending stress
and the critical unloading stress necessary
for increasing the lower limit stress ogce.
In each pre-stressing method, if the un-
loading stress is selected in the hatched
region, crack initiation doesn’t occur
within 100 h.
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Schematic illustration of stress distri—-
bution near notch root at various stress
levels. (a) : under monotonic or re-
peating stress. (b) :at various pre-
stressing stages.
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