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Effect of loading rate on the mode II dynamic fracture
characteristics of 40Cr steel
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Abstract: 40Cr high strength steel is often used in aerospace and national defense fields due to its excellent mechanical
properties. Therefore, the research on the mode Il dynamic fracture characteristics and failure mechanism of 40Cr high strength
steel under high-speed impact has important scientific significance and engineering value. Experiments and numerical
simulations were carried out to study the mode I dynamic fracture properties of 40Cr material under high loading rates. Based
on the newly designed specimen and the novel test technique for mode II dynamic fracture, the experimental-numerical
method was used to determine the dynamic stress intensity factor curve of the crack tip during the loading process. The crack
initiation time of the specimen was obtained by the strain gauge pasted on the specimen, and the mode II dynamic fracture
toughness of 40Cr was finally determined. The effect of loading rate and the failure mechanism of the material were also studied.
The results show that within the present loading rate range of this work (1.08—5.53 TPa-m"%/s), the mode I dynamic fracture
toughness of 40Cr presents a positive correlation with the loading rate. Through the analysis of the fracture morphology of the
recovered specimen, it is found that there exists a transition from tensile failure mode to adiabatic shear failure mode with the
increase of loading rate, and the critical loading rate is about 2.92 TPa-m"?*/s. When K,<1.70 TPa-m"?/s, the 40Cr steel mainly
exhibits brittle fracture; when K, is in the range of 2.12-2.92 TPa-m'?/s, the fracture mainly presents the morphological
characteristics of ductile fracture; when K, = 3.19 TPa-m"%/s, the material failure is mainly caused by adiabatic shear bands.
Brittle fracture is dominated by strain rate hardening mechanism, ductile fracture is dominated by strain/strain rate hardening
and thermal softening mechanisms, and adiabatic shear fracture is dominated by thermal softening mechanism.

Keywords: high strength steel; loading rate; mode II dynamic fracture toughness; failure mode transition

* UgFSHER: 2021-01-21; 12EIHER: 2021-04-21
E&WH: HEKARPAR4S (11772062, 12072040)
F—1EE: LB (1996— ), J, WL, fanfancy0928@163.com
BIEEE: FEE0979— ), B, B4, BI#UR, xuzejian@bit.edu.cn

083101-1


http://dx.doi.org/10.11883/bzycj-2021-0029
http://dx.doi.org/10.11883/bzycj-2021-0029
mailto:fanfancy0928@163.com
mailto:xuzejian@bit.edu.cn

B4 % JUE R, 4 kAT 40CT i 1T A S S Wi LR 5 ) 5% 8 3]

40Cr 2 T2 0 R L K 6] 97 40358 Hp o e )32 W e i A 2 —, PR v R4, e b B A R4
HIZEA 1A RE AR IR vh < B, R T VEMLEE R G, | v A ol g L i DA B e R 2 1) o R A
A, {330 S g e A IR A 3 A v 25 5 A2 ) il B V) 4 T & AR T R S . PRIk, TR A RHAE
T RN R B9 Sh AW i) B0 H 25 32 BTG, T RS0 Sh A 87 T AV R L AT Bl 1
SRR R 2E AT . 20 TH22 80 4R, Kalthoff 25 % ) 42CrMod P 7E K in#k e K 1 A %4
B PR R e 5, 20y R 1) S B 18] R —70°3¢ A, T AR R N 2808 R S80I O 1) DL 4 B
P R R AER 5. Zhou Z515 AURIT 5T 2 0, B4 26 S80S S A8 4T g T 22 M AR T AR, TS S
AR JLTIE R . Ravi-Chandar 550" & 3, Fifi 75 w s R (938 K, RAR PRI (PC) 1) 2% OB A7 7 M A
P 21 e P P 0 A P Y B AR, HLAS R S A s 3 B R B AR v B I B B B0l . Mason S X C-
300 X B FHA PR T S A 35 VIS, BT T AR BOE 2 B A 5545 . Chu S0 X6 43 J8 A8} ) i A5
KELBHEAT T AL, A IR I8 00 A% R A0 a1 -0 M e R X 7 vp i 6 S B . RS20
T, BUR 280 4 B G S5 6 I g 2 Dy k) 2k 1 3 0 24 v U200, B T
BRCR . (AR, HATXF E s A 1 8220 fe ohdi 28007 T R80T 0 I IF 98 K 2475 R 24, Kalthoff (9 i
RO 1 B AT N AR Ty R B RSO RE HEAT IR Y, X N T AN 5 T W Y SR AR E R AR AT R
PEATE B RORE BN o 30, VPR SO 4R T — R A 11 A sh S W S 86 vk, %O iR T ALK
PR o 28R 3 2 0 R it s o, DA T AT LG R R R OB S AR A O 1E AT R G R AR A oAb AT A X
TC4 FRIIF I, & B B 2L AR (FMT) AN S 2848 I 45 51, T2 32 AN [ SOU AL i) 3 S (0 i AR s F . B
BN H AT, AL 8 S RS 2 R T 1 AR 4 % A B AR, i 2 R SR I IR VR P A 28 SR . DA -4
S 1 W24 () R A0A T A RGBT 3T 8 3k L B

AR SR 2R A 1T R B A5 W R L0 1, R T 40 s AU 4 AR AT (SHPB) £ AR P, X 40Cr 573
FAFF AN [R] Jin 233 5 1) Bl A5 DT 28 52 505 SR FH 230 -B5008 7 V600 009 B 2 T M (L, O ok vy T
S AU A 2 R R B 255 i RE T 1A 2% L SIOURTE SRR AIE 20 AT, X A sk 118 2 00RO ML 2
PEATHIFSE .

1 L&

K] SHPB ZGE0 % I 24 2R S0t 47 3 2 i 2 Al o, 2R FH S92 96 - BB 96 6 SRR A 10 77 56 I
FIWRBINEREATHE o SCIR T, 0 A SRR Y 1T B SRR 2EA T N 2, 7RI il T B 3
a7, AR R JLATSME BRI 1 fzs o ASSAT L @ AT AHaRE L3904 RS B, 20 5iE Sk AT & (1)
BEH D e () 5 5 AR RE T o BT RIS IBYEIX, 10RE L08R ARG I A B0 T 4R 59—,
7 H L kL TR B ZRAR 24 3 mm Kb (LI 1) o HREE—ZE R A7 i BEIS, AT AT AT 15 1aRE 42 fh i Ak )
AT AOLAZ I ZR, 40T 5K

(ol

Fiy = AE[8(1) + £(1)] S
{ Fou = AEs, (1) )
U = cof ()~ 0] dr o A1 A
Uau = oy (1 dr T 1
S S50 B I S B N 0 O 5 SE B A
Fo il FLORAFAEAE ot A i, RPIRRE ) 52 4800 AR 3k Strain gauge T
T BUE AL, I8 2o 2 B 05 P2 1T 58 B 1 ) =
56 BE DA 1 2k Ky (o), R X
Ky (f) = \/;I 1 G u(r,1) (3) 1 TR LA RS (B2 mm)
TiTH Fig. 1 Geometric dimensions of the mode I
. Fin o Fou HASTFF 5 3 5T 3555 358 1 28 107 fracture specimen (unit: mm)

083101-2



B4 % JUE R, 4 kAT 40CT i 1T A S S Wi LR 5 ) % 8 1]

Ui« U HATFF 58 AT 30 58 090055, A AR, E W IO, oo ATV, r M IE AR
FEES, G MBI, ORIARA L, u(r, 1) NRIAIRE Y
TEMCHER T, 45618 0 24055 7T LA E AR 1T B Sl 25 Wr 24k
TIAb, BRI B AR K ] T 2 E
Ky = Ky (#) _ K
I I

“4)

Ko o A IREE AR R R], Ky R Sh S W I

ST AR A 40CT B AN, JUE AT LR 1, VAR BE T 2R 40Cr 1E K 850 C, B HEIT N AR,
40Cr P KRLEE R 780 C, Y H1 7 7K, GRS 200 °C, B EITT 2% . EEXTFRHEL . Rlp ik
LA ENIEAT T J1 22 REINR, 75 3] 40Cr AR J1 24 MR REMIN S8, W A& 2, b p N, E R #pEAR
i, ORIARA L, o IPTRIIREE o S50 A 4 R NI T SR B R kR

R1 =EN4ACr WTERTERESH
Table 1 Composition and mass fraction of high-strength steel 40Cr

w(C)/% w(Mn)/% w(Si)/% w(Cr)/% w(Ni)/%

0.37~0.45 0.50~0.80 0.20~0.40 0.80~1.10 -

F2 RN 40Cr MAFEMEESH
Table 2 Mechanical properties of high strength steel 40Cr
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Fig. 3 Typical signals of tensile fracture initiation of a specimen (1.25 TPa-m'?/s)
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Fig. 4 Typical signals of ASB initiation of a specimen (4.86 TPa-m'?/s)
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Fig. 5 High-speed photographic images of tensile fracture initiation (1.25 TPa-m"%/s) and ASB initiation (4.86 TPa-m'?/s)
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Fig. 6 Mesh refinement of the specimen crack tips
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Table 4 Dynamic fracture toughness values of high strength steel 40Cr

L/m p/MPa t/us Ky /(MPa-m'?) Kya/(TPa-m'/s)
0.380 0.18 27 292 1.08
0.380 0.19 26 32.6 125
0.380 0.22 22 37.5 1.70
0.203 0.18 19 402 2.12
0.203 0.20 17 49.4 2.92
0.203 0.22 16 51.0 3.19
0.100 0.14 13 50.3 3.87
0.100 0.16 11 53.5 4.86
0.100 0.18 10 55.3 5.53
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Fig. 12 Intergranular fracture of 40Cr specimen and Fig. 13 Ductile fracture characteristics of 40Cr
magnification of location A (1.25 TPa-m'%/s) specimen (2.92 TPa-m"?/s)
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Fig. 14 Adiabatic shear fracture characteristics of 40Cr specimen (3.87 TPa-m'?/s)
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