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The Heat Treatment and Mechanical Properties of Heavy

Gauge Steel Forgings and Plates

Synopsis:

Keizo OBNISHI, Hisashi TSUKADA,

Masahide SHIMAZAKI, and Komei Suzuki

Development of larger quality steel plates, castings and forgings is one of the key points in the recent
spectacular growth of technical advancement in a vast range of industries such as heavy electric machinery,
nuclear power generation, shipbuilding, steel making and chemicals.

This report discusses important problems related to heat treatment for heavy gauge products, such as
(1) hydrogen—induced cracking, (2) grain size, (3) residual stress and (4) temper embrittlement. Then,
metallurgical factors in heat treatment influencing on the mechanical properties and investigation results
of actual products are described concerning heavy section plates and forgings for nuclear use.
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Fig. 3. Residual stress in 39;Ni-Mo-V steel shaft
heat treatment (710 mmg).

c

Fan caol

Temperature {*C}
§ »
i
8

Time'

Fig. 4. Final heat treatment of 3.595Ni-Cr-Mo-V
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* Average cooling rate to half temperature
=(T,—T,)/2t

Where T,:austenitizing temperature 775:
temperature of coolant ¢:cooling time
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Fig. ~16. Typical example of carbon distribution
in the finished forgings.
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Fig. 18. Cooling curve of large nozzle belt forging
at various locations (Type A forging)

Chemical composition, wt %

c Si | Mn P S Ni Cr | Cu | Mo | Al
18 |-35(-84 |-009|-008{1-14 |-44 (-10 [-52 |-0I9

Austenitizing condition
900°C X [Omin,

(T T TTHOAE 4 T
824 1000 400 250 100 50 20 10 {|5| 25 [(°C/min.)
' Y N A ¢ Y
800 N
AINN N NI

700'&'§| ) \ \\\ \ TV | 4"

L____.--
—

500

400 S =

Temperature (°C)

2
{*}

_

o]

e

=

4E.

300

|
il
200 ] 1

VHN @__ w)@l_m A ||

100
la
£

10000

] P sl -_f-"
4
—"*;

BT |

16

Gee—1

1Omin. 3
r
I 'day

{Ohr

- 1min,

I 10 100 1000 100000

Time (Sec.)

Fig. 19. Typical continuous cooling transformation
diagram for 22 NiGCrMo37 steel.
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Fig. 22, NDT temperature distribution through wall
thickness for 12 in. plate and 22 in. ring

forging.
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Fig. 23. Tensile properties of Type A forging
(22NiMoCr37) at various height loca-
tions.
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Fig. 24. Directionality of Type A forging (2ZNiMo
Cr37) in tensile properties.
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Fig. 25. Directionality of Type A forging
(22NiMoCr37) in impact properties.
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