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Abstract: Based on study of mechanical performance of 40CrM nSiMoV A bar and forging, their crack
growth character is statistically analyzed, mean value and variance are statistically tested The result
showed that crack growth rate and life of both material increase with crack increase, the divergence of
crack growth life increases with crack length increases, the divergence of crack growth rate decreases
at the beginning and increases in the end with crack length increase The divergence of
40CrM nSiM oV A forging is larger than that of bar material T he results can be used for material selee-
tion and application
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Table 1 Chemical composition of 40 CrMnSiMo VA steel
Composition C Si Mn S Cr p \Y Mo

Mass fraction/ % 0. 38 1.25 0.95 0.014 1. 46 0.013 0.10 0.52
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Table2 Orietation and size of specimen
Specifi cati Sampli thod  Sampl B/ w/
pecification ampling metho ample mm mm PN ,
Bar e “l 20 80 40CrM nSiM oV A 5 5
Forging =T CT 20 80
4
,R=Q 1, Pux= 1 96x 10 N
(4) :920C  ,190C  1h,260C . f= 13. 33H2
3h .15~ 25C
(3) : 3 : 70% ~ 80%
3 ' ;
Table3 Mechanical properties of 40CrMnSiMo VA steel a @ N,
. . i: 17 27 3 """ r, ) r B ]
Specification 0,/ MPa Oy o/ M Pa 8/ % b/ %
=1 s 2, ..... m, a; m
Bar 1815 1503 11.6 47.6
_ xji= lgNji( 4),10
Forging 1819 1496 12. 1 50. 1
( 5, 5 )
4 40CrMnSiMoVA (1gN)
Table4 Logarithmic life of crack growth (Ilg/N) for 40CrMnSiMoV A bar and forging
N Crack Bar Forging
o
length/mm  Sample 1 ~ Sample 2 Sample 3  Sample 4 Sample 5 Samplel Sample2 Sample3 Sample4 Sample5
1 32 4.4623 4.4149 4. 4406 4.5020 4.5283 4.5063 4.5385 4.4918 4. 4944 4. 4856
2 33 4.5290 4.4934 4.5144 4.5701 4.5965 4.5771 4.6116 4.5662 4.5755 4.5641
3 34 4. 5831 4.5551 4.5712 4. 6249 4. 6506 4. 6350 4. 6701 4. 6280 4. 6434 4.6213
4 35 4. 6270 4. 6046 4.6177 4. 6686 4. 6938 4. 6828 4.7203 4. 6785 4.7012 4. 6688
5 36 4. 6639 4. 6457 4. 6562 4.7044 4.7293 4.7241 4.7628 4.7179 4. 7441 4.7085
6 37 4.6%1 4. 6814 4. 6905 4.7346 4.7600 4.7598 4.7967 4.7545 4.7747 4.7427
7 38 4.7248 4.7114 4.7207 4.7614 4.7871 4.7902 4. 8252 4.7845 4. 8057 4.7727
8 39 4. 7498 4.7361 4.7467 4.7845 4.8115 4.8164 4. 8498 4.8103 4. 8330 4.7998
9 40 4. 7703 4.7594 4.7685 4. 8053 4.8333 4. 8401 4.8710 4. 8328 4. 8571 4.8247
10 41 4.7886 4.7788 4.7872 4. 8232 4.8524 4. 8605 4. 8909 4. 8522 4. 8777 4. 8460
11 42 4. 8045 4.7955 4. 8029 4. 8390 4.8679 4.8784 4.9088 4. 8689 4. 8955 4.8642
12 43 4.8184 4.8100 4.8167 4.8528 4.8814 4. 8941 4.9250 4. 8836 4.9115 4. 8802
13 44 4. 8317 4. 8227 4. 8290 4. 8649 4.8935 4.9079 4.9393 4. 8964 4.9263 4.8936
xji , 99 9% Xj.99.9
xji= lgVji s
“ o Nj = 107 (4)
Jj i X ji
x_J Sj — -
N; = 10% (5)
) 99 9%
xj = 1 Xji (1)
r =1 x
- - Njoo = 107%° (6)
L -
VAL ( Z:x.fi) Xj, Sj, Xj.99.9 5 5
S = - = 2
S N (% (1)
S
c;= 2 (3) ’
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(2) (3) : 99 9%
, Xj,99.9
> > > >
5  40GrMnSiMoVA (1gN)
Table 5 Number character of crack growth life(lglV) for 40CrM nSiMoV A bar and forging
Crack Bar forging

No

length / mm x s %,99.9 x s %;,99.9
1 32 4.4696 0.0168 4.4177 4.5033 0.0188 4.4452
2 33 4.5407 0.0141 4.4971 4.5784 0.0176 4.5240
3 34 4.5970 0.0125 4.5584 4. 6396 0.0169 4.5874
4 35 4.6423 0.0112 4.6077 4. 6903 0.0183 4.6338
5 36 4.6799 0.0101 4. 6490 4.7318 0.0193 4.6722
6 37 4.7125 0. 0089 4. 6850 4.7657 0.0186 4.7082
7 38 4.7411 0. 0082 4.7158 4.7957 0.0182 4. 7395
8 39 4.7659 0. 0078 4.7418 4. 8291 0.0176 4.7675
9 40 4.7874 0.0077 4.7636 4. 8451 0.0168 4.7932
10 41 4.8060 0. 0076 4.7825 4. 8655 0.0166 4.8142
11 42 4.8220 0. 0075 4.7988 4. 8832 0.0166 4.8319
12 43 4.8359 0. 0074 4.8130 4. 8989 0.0170 4. 8464
13 44 4.8484 0. 0072 4. 8262 4.9127 0.0176 4. 8583

, , 6
, 10
) &N m ’
6 40CrMnSiMoVA (da/dN)
Table 6 Crack growth rate (da/ dN) for 40CrMnSiMoV A bar and forging
Crack Bar( % 10-4) Forging( x 10-4)

Y gth/mm  Sample | Sample2 Sample3 Sample4 Sample5 Sample 1 Sample2 Sample3 Sample4 Sample 5
1 35 2.5535 2.4149 2. 4668 2.3979 2.2622 2.0503 1. 8825 2.0487 1. 8997 2.1526
2 36 2.7313 2.6209 2.6387 2.6190 2.4422 2. 1888 2.0617 2.2163 2. 0840 2.3055
3 37 2.9399 2. 8499 2.8354 2.8381 2.6145 2.3417 2.2663 2. 4066 2.2315 2.4395
4 38 3. 1%7 3.1038 3. 0800 3.0741 2.7888 2.5123 2. 4700 2.6199 2. 4146 2.5745
5 39 3.5072 3.3938 3. 4008 3.3282 3.0107 2.7086 2.6601 2. 8662 2.5921 2.7382

(- (3) ; )

; (%), )

(S) (e) 7 (3)
7
(1 : 4
’ 41

(2)
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7 40CrMnSiMoVA (da/ dN)
Table 7 Number character of crack growth rate (da/dN) for 40CrMnSiMoV A bar and forging
Bar forging
No Crack length / mm—— —
T(x 10- 4) S(x 10-6) & (% 10- 4) S(x 10-6) B
1 35 2.4191 0. 9531 0.039%4 2. 0068 10. 1809 0. 0507
2 36 2.6104 0.9369 0.0359 2.1711 8. 9455 0.0412
3 37 2.8156 1.0767 0.0382 2.3371 7.9374 0. 0340
4 38 3.0483 1.3677 0. 0449 2.5183 7.2943 0. 0290
5 39 3.3281 1. 6877 0. 0507 2.7130 9.1148 0.0336
6 40 3.6655 1.9413 0. 0530 2.9334 12. 4720 0. 0425
7 41 4.0462 2.0364 0. 0503 3.1927 16. 9092 0. 0530
) ) ao0s
s s 8 40CrMnSiMo VA
eV
T able 8 Distribution examination crack grow th
2
. logarithmic life (lg/N) for 40CrMnSiMoV A bar and forging
, :
Ho: 0% _ (ﬁ, Hi: (ﬁ = (ﬁ No Crack t distribution F distribution
H length /mm examination value  examination value
0 :
’ 2 1 32 1. 1908 4.7281
(n2— 1)mSi
7~ Fio-t.0,-2) 2 33 1. 4706 4.5441
(ni— 1)n2S2 2
2 3 34 1.7929 4.3656
(n2— 1)n1Si
(nmi— 1)n2S3 4 35 2. 1067 3.3429
8 5 36 2.3359 2.7020
7 7 a= 0. 05, 6 37 2.4752 2.5791
Fi4(0.05) = 6 39 8 7 38 2. 6362 2. 4726
(n2= 1)mS} 8 39 2.7908 2.5044
2 6. 39, Ho
(ni— 1)mS? 9 40 2.9787 2.7436
10 41 3.1062 2.7940
, , , 1 42 3.2407 2.7015
t 12 43 3.3625 2.5584
Zi= X i— X i 13 44 3.4351 2.3427
zi z N (d, 9) , x
x 42
Ho:d= 0, Hi:d Z0 (n2— I)mS%
2
Ho , (ni— 1)n2 82
: —z
Jn= 1%~ 1ny n-— ls_ 9, a=
S
mi g Q 05, Fas(Q 05)= 639, (0. 05)= 2. 776
$ (na— 1)mi Si
9 ) 6. 39, Jn-1
, a= Q 05, t4 (ni— 1)n2S2 ’
= = U V4
(0 05 =2 1776, a= 0. 02, ot = 2 776. 3 747,
zZ
(0 02)= 3 747, 8 Jn= 15
2
3 747 2776 , Q2

(T4 % 46 M)
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9 40CrMnSiMoVA ( da/ dN)
T able 9 Distribution examination of crack growth rate (da/ dV) for 40CrMnSiMoV A bar and forging
No 1 2 3 4 5 6 7
Crack length / mm 35 36 37 38 39 40 41
t distribution examination value 5. 2849 5.6781 5.7941 6.0144 6.3743 6. 8701 7.1841
F distribution ex amination value 0. 8765 1. 0944 1. 8401 3.5155 3.4285 2.4229 1. 4504
5 0.05 , ;
Q02 | ; ,
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