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Abstract In order to develop low alloy ulira-high strength steel with super high strength and good toughness, a 15
mm CrNiMo-CrNi3Mo-CrNiMo triple-layer clad ulira-high strength steel is developed by 30MnCiNiMo steel billet and
33MnCrNi3Mo steel ingot, the process consists vacuum combined welding, high temperature rolling, quenching and low
temperature tempering heat treatment. The bonding degree and mechanical properties are tested by flaw detection, tensile,
impact, cold bending and hardness tests. Microstructure and the impact fracture of triple-layer clad ultra-high strength steel
are analyzed by means of optical microscope and scanning electron microscope. Results show that the triple-layer clad ultra-
high strength steel produced by current process has good bonding properties and can satisfy the GB/T 77342015 ] demand
of flaw detection. The comprehensive mechanical properties of clad steel plate are fine, and there is obvious transition zone
in hardness of the joint surface. Both the structure at bonding site and matrix structure are tempered martensite structure.

Material Index Low Alloy Ultra High Strength Steel, Clad Steel Plate, Vacuum Welding, Flaw Detection
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Table 1 Chemical composition of tested steels /%
REH C Si  Mn P S Ni Cr Mo

33MnCrNi3Mo  0.33 0.25 0.88 0.0087 0.0065 3.13 0.82 0.44
30MnCrNiMo  0.29 0.29 0.91 0.0080 0.0030 1.18 0.88 0.35
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Table 2 Welding process parameters
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Fig. 1 Morphology of three-layer composite blank
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Table 3 Rolling pass reduction rate
HIK 1 2 3 4 5 6 7
ETH/% 20 33 25 22 25 28 21

F4 HBEREETES/C
Table 4 Phase transition point of tested steels /°C

W Ac, Acs Bs Ms
33MnCrNi3Mo 708 764 425 298
30MnCrNiMo 735 818 472 340
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Table 5 Heat treatment process of triple-layer plate
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Fig.2 Results of bending test; (a) forward bending; (b) side bending

2 KBERRGH

2.1 H&eE

AT SR USN 60 #8755 4510
TE ARG R, RITAR MR GB/T 7734-2015
(EEMmERERKTE)  EREH 15mm =2
B oM S G, R RS | ZbrEER, N
RE-BREARMETHMENNERSERE S
73,4 58 GB/T 63692008 E AWM ¥R T 7
BB E) XN E AR ITIES MEEE, RN
HIZHAENR 180°, BLER d=6 a( o HIAEE
B B R mE 2 B, 3 iR . [l
HHRMEBNRL, R HABR S ERS EF AR
%, UHESHESS R
2.2 J1EtERE

P BRE SR LIRS BRI F R LR
6. AR 6 FATLUEH, EESWBRNEREE R
1384 MPa, 3L P38 K1 735 MPa, ZE{HE R 11% ,
WIS 48 2 45% , —40 C o RILBEEAE 27 )
A, RE .. 8BS F 30MnCrNiMo 48 1
33MnCrNi3Mo 40 2 [B], {A L H B 47 B9 3R 90 P DL B,
EARWIEER 15 mm, 1 & B 75 [ B8R E 3% (G A
FEANE 3 fiR. ME 3 AT LAFE i, 412 30MnCrNiMo
WIEE 3 ~4 mm, HRC ¥ FE X {HE N 46; N R
33MnCrNi3Mo 0% 7 ~ 8 mm, HRC 7§ 415 % 53,
HEEERWNARRKL:2: 1, A AR IEE
WER, FNEHX B, G MR EAENEN
HEXE, ZLMUDER=EESRRAERTHN

F6 RUB=EESWREHNFEE
Table 6 Mechanical properties of triple-layer clad plate af-
ter heat-treatment
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EAHWR 1384 1735 11.045.0 27.8 26.8 25.7 26.8

30MnCrNiMo 1300 1650 10.5 47.5 32.8 38.4 35.0 35.4

33MnCrNi3Mo 1650 2050 7.0 40.0 24.0 25.2 25.5 24.9
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Fig.3 Hardness curve of triple-layer clad steel plate in thick-
ness direction
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Fig.4 SEM morphology of impact fracture of triple-layer clad plate: (a)30MnCrNiMo(L)-33MnCrNi3Mo(R); (b)33MnCiNi3Mo (L)-

30MnCrNiMo(R)
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