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Quenching Distortions after Carburizing or Carbo-nitriding
and Methods to Minimize Them

B. H. Jung
Metallurgical Engineering, Pukyong National University, Pusan 608-739, Korea
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Fig. 2. Historical factors affecting the quenching distortions in carburized or carbo-nitrided steel parts.(diagram of

characteristic causes).
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Fig. 4. Effect of carbon content on change in tooth profile deviation(a) and change in helix angle deviation(b) of

carburized final gear's drive side.
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Fig. 5. Comparison of change in tooth profile deviations of various parts (a, b and ¢) of carburized gears arranged in

different places (A, B and C).
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Table 1. Factors and levels for experimental design.
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Factors

Level 1 Level 2

A : Orientation Horizontal Vertical

B : Agitating Still 0.2 m/s
c bl C:AXB -
f:éigr(; able D : Lifting temperature (2nd cooling) 230°C 250°C

E : Testing order 2nd First

F:BXD - -

G : Final stage oil temperature (3rd cooling) 100°C 120°C
Error factor [N : Loadi Upper stage : 6 gears X 2 lip s

ne 7 gears overlapped < 5 Lower stage : 6gears X 1line
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Fig. 6. Temperature at positions a and b of hypoid gear's tooth tip as a function of cooling time; (a) horizontal loading,
(b) vertical loading. Numbers 3 and 7 mean the stage number overlapped. Letters U and L also mean upper loading

and lower loading, respectively.



38 |
Gear Blank
mcmnl Vericat Hodznml Vertical
)] -
g 002 3 -
i 004
s
S 008
g .
8 008 Quenched in 100°C ]
s J) § after carbarizing at
§ 012 930°C -
5 L
0.4

Fig. 7. Change in internal diameter of carburized output
gear.
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Fig. 8. Change in back flatness of carburized hypoid
gear. Bold lines, narrow lines and broken lines denocte
flatness in outermost, intermediate, and inside
circumference, respectively. The greater the outside
spreading of the three circles shown in bold, narrow, and
broken lines 1s, the worse the back flatness is.
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the tooth surface during cooling as a function of cooling time; (a) output gear, (b) hypoid gear.
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Fig. 11. Comparison of change in helix form deviation of carburized helical gears after quenching between in 100°C

oil (a) and in 220°C molten salt (b).
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Fig. 12, Schematic explanation of improved marquen-
ching method by using two-stage molten salt baths.
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Fig. 13. Comparison of change in tooth profile deviation of carburized output gear and final gear after quenching
between in 100°C oil, 220°C salt, and two-stage salt (improved marquenching method).
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