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Table 1 Various parameters of experimental materials

Material Particle size/pm Element content, o/%
Ti <39 Ti=98.5 Fe<0.10 Al<0.10 Si<0.10
B4C <30 B,.C=975 C<0.20 B<0.15 B,03<0.30
%2 42CrMo & ARMMLZER S
Table 2 Composition of 42CrMo steel (/%)™
Cc Cr Mo S Si Cu Ni Mn
0.38~0.45 0.90~1.20 0.15~0.25 <00.035 =<0.035 0.17~0.37 <0.03 <0.03 0.50~0.80

Fz 3 42CrMo & &ARNAMIRFN S F 1488

Table 3 Physical and mechanical properties of 42CrMo steel**

3 Melting

Tensile Yield

Impact Thermal Coefficient of

Density/g €m S toughness conductivity/  linear expansion/
point/’C  strength/MPa strength/MPa 13 em? Wt K 10 KL
7.85 1399 =1080 =931 =78 6.8 11.1




%2

ERRLL%E: TiBo/42CrMo JESRS M KL 1125 0T 5 5 ¥ it -+ 691 -

H 4% MR B 1 s . SRR E ZEISS
AFEIER I Ultrass B35 G 4514 FELBE SR SR i 4
BHY R MOES S A A0 A0 . B2 P& 4R S X s
i fs FESEM JESE v, MEIRRTLLEH, F&/ER
EWREds, AR HEA IR, Jor Rk,
FRHLT 53 3 AN X, RISEI M B F AR X 3,
() J2 350 4 R 5 T 4 S DX el o G v o ) O O X )R RE 4
600 um, JFH, AWM ZEREEHLN, HEHLZR
Wi %, BRI A P& 5> 2 e JE A o A A R T
T E K, o

SN B A bt ST A AN L ST b, A BIAE 3
A XS BRI AR 4T B4C BFEE T 5 K XD6 £
fn X B EATHAC 3 AMEFEREAT XRD 40 #r, Wil 3
Fis

Kl 1 TiB2/42CrMo 3EZ: 86 A KL i

Fig.1 TiB./42CrMo continuous gradient materials products
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Fig.2 FESEM images of the interfacial area of ceramic/metal:
(a) metal basal to middle transition area and (b) ceramic

substrate to transition zone in the middle
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Fig.3 XRD patterns of the interface area of TiB,-TiC-Fe/42CrMo
composite: a-ceramic substrate part, b-intermediate section

and c-42CrMo substrate part
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Fig.4 Micro-cracks nearby the interfacial region after the three

point bending test
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Table 4 Normal stress path section
Position, y/mm 0 0.5 1 15 2 2.5 3 3.5 4.5 5
Analytic solution ~ -4579.6 -2179.3 -1060.6 -370.69 121.36 301.76 543.16  626.62  740.13  879.34 1080
ANSYS result -4216.5 -2014.8 -1030.5 -360.78 124.02 320.44 563.60 668.83  782.27  943.78 1169
Difference value 363.1 164.5 30.1 9.91 2.66 18.68 20.44 42.21 42.14 67.44 116
Error rate/% 7.9 7.5 2.8 2.6 2.1 6.1 3.7 6.7 5.6 7.6 7.6
x5 WRIEEEVIEH
Table 5 Shear stress path section
Position, y/mm 0 0.5 1 15 2 2.5 3 3.5 4.5 5
Analytic solution 0 0.681 2.46 16.14 61.14 50.98 7.44 1.308 0.31 0.18 0
ANSYS result 0.0009 0.68 2.45 15.92 63.309 52.263 7.38 1.31 0.31 0.19 0.0002
Difference value  0.0009 0.001 0.01 0.22 1.283 0.06 0.002 0 0.01 0.0002
Error rate/% 0.09 14 4 13 2.5 5.9 15 0 5.5%
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Fig.15  Shear stress of functionally graded materials with

different length-thickness ratio (h=>5)
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Mechanical Analysis and Structure Design of TiB,/42CrMo
Continuous Gradient Materials

Han Baohong, Lu Mingyuan, He Wanheng, Zhao Zhongmin
(Shijiazhuang School, Army Engineering University of PLA, Shijiazhuang 050003, China)

Abstract: Based on the previous synthesis process of superheavy force field gradient materials, preparation parameters of gradient
materials were optimized and TiB»/42CrMo composites with continuous gradient TiB,-TiC-Fe component were prepared. XRD and SEM
observations show a continuous gradient variation of ceramic/metal phase boundary between the gradient layers. Hardness tests indicate
that the hardness of the ceramic part to the metal part decreases with gradient, and the elastic modulus variation form of the intermediate
gradient layer approaches trigonometric functions. A laminar strength analytical model was established based on the related parameter
extraction. Then a layered model of normal stress and shear stress distribution was obtained under external displacement loading conditions
by ANSYS finite element simulation. It is found that the maximum tensile stress of the bottom metal of the gradient material is the main
reason for the damage and failure of the material, which corresponds to the three point bending experiment phenomenon of actual material.
Finally, the effect of length-thickness ratio on the stress distribution was investigated. It is concluded that in a certain scale, mechanical
properties of gradient material do not increase linearly and infinitely with the increase in length-thickness ratio, which is of guiding
significance for engineering materials design.

Key words: TiB2/42CrMo gradient materials; stress distribution; layered design; simulation analysis
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