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The Bending Strength and Fracture of High Carbon
High Vanadium Iron Alloys

Synopsis:

Joo ISHIHARA and Masaichki NAGAT

Micro-bending test and microscopic examination were carried out on high carbon high vanadium
iron alloys prepared by melting and by over-laying method, in order to study the effects of size and
distribution of V-carbide on the bending strength of the alloy. V-carbides in the specimens were
controlled from 21 to 559 in volume and from 2 to 100 pm in diameter, dispersing in matrix of  the
ferrite, austenite and martensite. It was observed that cracks originated in the carbide phases due to
a stress concentration, and was propagated iuto the matrix. The strength of the alloy was more in-

fluenced by the size than the amouut of the carbide.

The cleavage fracture occurred partly in alloys

containing much amount of V-carbide, even if the matrix was fully annealed.
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Table 1. Chemical composition of specimens.

Alloy | C% |Si% |Mn% Ni% | V% VOO Remarks
3B-A |3.01.10208 [1.97 |3.10 |12.47 | 2i |Quenched,8layer deposited
3B-B |3.05 |096 [2.03 |3.03|i2.54| v | Annealed, "
3B-C [3.03|1.025.21 | — |12.07| » |Austenitized "
8B-A |8.32|0.73|053 |3.10 |37.52|55.1 | Quenched .
‘88-B [8.29|0.70(0.49 | — |37.55| » | Annealed o
8B-C |83 (068|051 |I7.21 [37.60| = | Austenitized _ =©
3B-1 |3.05|0.96|1.97 |289[i2.37 | 2| [carbide lendth 31qver deposited
38-2 |2.99/1.03|1.90 |2.91 |[I12.6] | =« 26u |8 n u
3B-3 |3.06|0.89|1.99(3.02|12.53| » 75u  |Sand mold cast
3B-4 ({3.10/092|1.97[3.1012.47] >I00u  |Hot mold cast
4B |4.10 |0.862.03|3.02|17.58 28.5 464  |8layer deposited
5B |4.98|089|1.97|2.97[22.57|35.5 " "
6B [6.05|0.92|1.90{2.98|27.47 |42.3 63 p "
8B |8.31 {068 0.5 |3.01 |37.62|55.6 67w "
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Fig. 1. Schematic view of bending-apparatus
“micro-machine”.
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Fig. 3. Cross-sectional view of fracture observation
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Fig. 4. Bending properties versus various matrices.
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Fig. 5. Bending properties versus various matrices.
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Fig. 6. Influence of V-carbide content and heat
treatment bending properties.
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(a) 3B-2 (3%C-12.5%V), (b) 4B (4%C-17.5%V), (c) 5B (5%C-22.5%V),
(d) 6B (6%C27.5%V), (e) 8B (8.3%C-37.5%V) .

Photo. 1. V-carbide distribution in deposited layer.
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(a) 3B-1 (Deposit of 3 layer),
(c) 3B-3 (Sand mold cast),

(b) 3B-2 (Deposit of 8 layer),
(d) 3B-4 (Hot mold cast).

Photo. 2. Carbide distribution in 3B alloys made by several method.
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Fig. 7. Dependence of bending strength on
carbide size. (3B)
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(a) Crack happened (b) Crack propagated to matrix
(c) Crack propagated to another V-carbide and matrix
(d) Crack propagated to many V-carbide

Photo. 3. Crack propagation in 3B.

(a) Crack happened on V-carbide-1 and propagated to V-carbide-2 and V-carbide-3.
(b) Crack propagated from V-carbide-3 to V-carbide 4.

(c) Before crack propagated to V-carbide-5.

(d) Crack propagated from V-carbide-4 to V-carbide-5.

Photo. 4. Crack propagation in 8B.
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3B-4 Tempered at 100°C (cleavage)
3B-2 Tempered at 400°C (cleavage)
8B Tempered at 300°C (cleavage)
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(b) 3B-4 Tempered at 680°C (cleavage)
(d) 3B-2 Tempered at 680°C (Shear)
(f) 8B Tempered at 680°C (cleavage)

Photo. 5. Electron micrographs of bend fracture surface in several specimens.

— 92 —

3

P




MRB-EIF VY A-GhE & O U IREE & ki 261

-]
250}
Shear Cleavage
©
- 3B-2
NSZOD o
~
o
=
F=
)
[
2
»
|
2150
S
&
100}
N . . . . : .
400 500 600 700 800 900 1000 1100

Hardness (Hv)

Fig. 8. Relationships between bending properties
and hardness.
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