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Table 1 Chemical composition of base materials.

Chemical composition (wt. %)
Materials
¢ S Mn P S5 A O N
Ultra — 0.005 0.01 0.9 0.001 0.0017 0.001 0.0057 6, 0020
low 0,012 0,01 0.01 0.001 0.0018 ©0.001 0.0086 0.0026
carbon
steal 0,020 0.01 0.01 0.002 0,0013 0.001 0.0060 0.9029
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Table 2 Chemical composition and mechanical
properties of clad materials.

Chemical compogition (wt. ¥)| Mechan[cal properties

Materials Ts Ys El 1v
i 9 N Fe TI |MPa MPa %

TPZEH t= 3. 2mm [0.005 0.047 0.040 0,029 Bal, [ 333 186 46 128§
TP3SH 1=20.0mm  [0.008 0.095 0,040 0,046 Bal. | 382 304 32 146
TP3SH t= 4.0mm  |0.008 0,103 0.050 0.069 Bal. 422 314 40 154
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Fig. 1 Manufacturing process and bonding conditions of clad steel.
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Table 3 EPMA line scanning conditions.

Probe size 1l pgmg
Analysis element Ti, Fe
Accelerating voltage 25 kV

Feed velocity {Test piece) 100 # m,”min
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Table 4 Width of diffusion layer with eath
bonding method.

Hot - rolling method Explosive-welding method H. I. P. method

5 pm 2um B0 um

(a) Hot — rolling method

Titanium

(c) H. 1. P. method

Photo. 1 Microstructure of Ti/Fe bonding interface.
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Fig. 2 Results of EPMA line scanning across the bonding interface.
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Fig. 4 Working process of specimens.
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Table 5 Results of tensile test.
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Detail of part C

Bonding Tensile strength Elongation Break
method MPa x 107%% position
Hot — 218 620 Bonding
rolling 247 .74 interfa
268 7.73 irertace
Explosive —
welding 217 6.82 Welded zone

Bonding
interface|

T

P4 4"‘ /lﬂ 2
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55400 Ti
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Fig. 5 The size and shape of specimen.

(a) Hot —reolling method
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‘interface

(b) Explosive — welding method

Photo. 2 Results of tensile test.
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Fig. 6 Shape of compact type and bend specimen.
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Fig. 7 Results of precracking.
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Fig. 8 Detail of precracking.

Table 6 Results of fracture toughness test.

@y, Mlld steel Oys i Oy t0yd) /2 @ vy ¢ Titanium
Bonding Shape of & " "

methed specimen K%K, ) a. x 10 K (%K) g, x 10 K%K ) o, x 10
MPasm'/? m MPa+ml2 m MPa«m!’2 m

* 106 1.28 +10.6 171 +10.6 247

T i i i 5

r}ll;l’fm‘ specimen 140 2.63 14,0 3.8 14.0 471
e * 110 2.46 *11.0 2.83 *11.0 375
we ||| 2 | | e

specimen 185 5.28 185 659 185 892

311 139 T 176 3L 1 242

weL | &R 8| 8 B s

i‘fé‘i’;i“ = | specimen 458 304 45.§ 385 45.8 527
e nod 304 296 39. 4 302 39.4 312
Bend 46.2 96.0 16,2 104 iE. 2 119

Bend 346 80.8 3.6 85.3 34,6 935

P 408 70.4 40.8 76.8 40,3 8a.
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Fig. 9 Results of X —ray diffraction pattern on the fracture appearance.
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Table 7 Results of X —ray diffraction.

Analysis
Bonding side Titanium side Steel side
method
Hot 1i Ti B Ti TiC a-Fe, B_Tir
ot-rollin, a-11, p-11, 11 . .
g TiC, FeTi
Explosive-welding a—Ti,a—Fe | a-Ti, a-Fe
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