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Development of Direct Quenching Process in Medium Diameter Seamless Pipe Mill
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Synopsis:

Recent increases in oil and gas prices have posed two problems to steel pipe manufacturers: (1) Pressing

v,

e

demands in the oil country tubular goods market, especially in high grade OCT@G, and (2) energy saving in heat

treatment. To solve these problems, Kawasaki Steel installed the direct on-line quenching facility in the medium-

diameter seamless pipe mill at Chita Works in 1980.

The facility proved to be very successful in the heat treatment of seamless pipes. The characterislics of this

process are as follows:

(1) High quenching intensity by a large volume of low-pressure cooling water

{2) Axial llow quenching methed in both inside and outside of pipe

(3) Increased maximum available wall thickness of the pipe due to high quenching intensity

(4) Sound shapes of quenched pipes and good material properties owing to uniform cooling rate

(8) High productivity and low energy cost
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Table 1 Quenching Methods of Pipe

External quenching
Oblique ring quenching
Spray ) } )
) Tangential ring quenching
quenching )
Internal quenching
Internal and external quenching
Internal quenching (inside axial flow)
Internal and external quenching
Agitation and immersion quenching
Axial flow )
finside axial and outside agitated)
quenching : .
Axial and immesion quenching
Closed system
QOpen system
— l—
{a) External b} Internal
— -—

{¢) External and Internal

Fig. 1 Three methods of spray type pipe quenching
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Water tank

(a} Agitated flow quenching

(b} Axial flow quenching

Fig. 2 Two types of immersion tvpe guenching methed
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Casing
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Fig. 3 Two types of water system for axial flow

Hot working

(tuenching

Tempering

Temperature

Hotworking
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Tempering
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{a) Conventional quenching — Time (b} Direet quenching — Time

Fig. 4 Heat patterns in manufacturing quenched and tempered pipe
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Fig. 5 Two methods for external axial flew in closed system
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Flow rate ratio

Fig. 6 Schematic relation hetween heat transfer
coefficient and flow rate
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Table 2 Specification of the direct quenching equipment

b Quiside diameter:7 te 16%(177.8 to 425.5mm}
ipe .

Length: 18 to 54 {t (5.5 to 16.5m)
dimensicns

Wall thickness: Max. 134 (30mm)
Quenching

Internal and external axial flow quenching
method
Productive

) 150t(165st. tons)/h

capacity
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Fig. 7 Flow chart of medium diameter seamless pipe
mill
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Fig. 8 Motion of pipe in the direct guenching equipment
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Fig. 9 Schematic flow rate pattern
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Fig. 10 Variation of water temperature and conjec-
tured pipe temperature during quenching
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Fig. 13 Comparison of tempering resistance between Fig. 14 Charpy full curve of G.C.T.G. by direct
direct and conventional guenching method quenching
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Fig. 12 Tensile properties of O.C.T.G. hy divect quenching
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Fig. 15 Results of collapse test
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