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MEMO!) AND APPARATUS FDR 

QUENCHENG FEE 
James A. Scott, Pittsburgh, Pa” assignor to United States 

Steel Qorporation, a corporation of New lersey 
Filed Nov. 5, 1962, der. No. 235,341 

7 Claims. (Cl. 143-48) 

This invention relates to heat treating steel pipe and, 
more particularly, to spray quenching sections of steel 
pipe as they emerge from a heat treating furnace. 

For certain applications, such as oil well casing, it is 
necessary to heat treat the formed pipe to provide the 
required high strength levels. One present commercially 
acceptable way of performing this heat treatment is by 
passing the formed pipe sections through barrel-type f-ur 
naces and spray quenching them as they emerge. How 
ever, pipe formed from some types of steel has exhibited 
a high percentage of cracked trailing ends after spray 
quenching. Some of these ends are cropped in subsequent 
operation and this cropping will often remove the entire 
cracked portion of the pipe. It sometimes happens, how 
ever, that the end of the pipe cracks to such an extent that 
an excessive amount of cropping is necessary. It has fur 
ther been noted that often the cracking originates only 
in the last few feet of the pipe but unless the internal 
stresses in the pipe are relieved without delay the cracks 
may propagate throughout the length of the pipe and 
necessitate the scrapping of the entire pipe. 
Although the reason for the cracking at the end of the 

pipe is not completely understood it is believed that as 
the trailing end passes the quenching ?xture the quenching 
media is sprayed inside of the pipe, and this occurs While 
the inner surface is hotter than the outer surface. The 
impingement of the quenching media on the inner surface 
when it is substantially hotter than the external surface 
produces cooling which induces detrimental internal 
stresses that often produce cracks in the steel. These 
cracks may then propagate rapidly along the entire length 
of the pipe. ' 

Several methods for preventing the entrance of the 
quenching media into the trailing ends of the pipe have 
been proposed. Caps of various designs have been at 
tached to the trailing end, but these caps are expensive, 
require time and effort to attach and remove and also fail 
to give uniformly satisfactory results. It has also been 
suggest-ed that the pipe be stopped as the trailing end 
approaches the spray head to allow a substantially com 
plete cooling of the trailing end before the quenching 
media is impinged upon the inner surface. This requires 
stopping the line with attendant loss of production and 
possible over-‘heating of the succeeding pipe section which 
is passing through the furnace. Other proposals have 
proved to be equally unsatisfactory. 

It is therefore a principal object of this invention to 
provide a method of spray quenching pipe sections which 
will reduce the propensity for end cracking. ' 
A related principal object or“ this invention is to provide 

a device which will spray quench pipe sections in a way 
which will reduce end cracking. . 

Still a further object of this invention is the provision 
of an apparatus which will increase the length of time 
that the external surface of the trailing end of a pipe is 
quenched before the quenching media is sprayed into the 
pipe yet permit continuous movement of the pipe. 
A more particular object of this invention is the pro 

vision of a method of quenching pipe sections emerging 
from a heat treating furnace ‘wherein the trailing end of 
the pipe is completely cooled before the quenching media 
is sprayed inside the pipe. 
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A more speci?c object of this invention is the provision 

of a pipe quenching device which is movable in the direc 
tion of the travel of the pipe as the trailing end of the 
pipe approaches. 

Yet another more speci?c object of this invention is the 
provision of a spray head for quenching pipe and means 
to actuate the head for travel in the direction of the pipe 
travel as the trailing end of the pipe approaches the head. 

Other objects and advantages of the invention will be 
come apparent from the following description and accom 
panying drawings, in which: 
FIGURE 1 is a plan view of the quenching device of 

this invention; 
FIGURE \2 is a side elevational View of the device of 

FIGURE 1; V 

vFZGURE 3 is a view taken along line lIl—l-I|I of FIG 
URE l; and . 

FIGURES >4 and 5 are circuit diagrams of the electric 
controls for the quenching evice. 

Referring now to the drawings, the quenching device of 
this invention is shown in a typical environment in con 
junction with a roller conveyor having a plurality of angled 
rollers R adapted to move sections of pipe P therealong. 
The pipe P is moved along the rollers R through a con 
ventional Ibarrel~type heat treating ‘furnace \F. As the pipe 
emerges from the furnace P, which has heated it to the 
required heat treating temperature, it must be quenched 
to impart the necessary strength and hardness to the .pipe. 
The quenching is performed by the device of this inven 
tion designated generally as it). The device 19 includes 
quench head 12 mounted on a carriage 14. The quench 
head 12 is of conventional design and preferably is sim 
ilar to that shown in my Patent No. 2,776,230, and includes 
a main header 16 connected to a pluralityvof axially spaced 
annular ring headers 18 each of which is equipped with a 
plurality of circumferentially spaced spray nozzles 20. 
Quenching media, usually water, is delivered from the 
main header in to the ring headers 18 and then to the 
spray nozzles 29, which are arranged to spray the water 
on the pipe P as it passes ‘through the ring headers ‘18. 
The spray nozzles 20 are angled to spray in the direction 
of ‘the :pipe travel as designated by an arrow in FIGURE 2. 
Thequench head '12 is mounted on the carriage 14 by 
brackets 22. Wheels 24 of the carriage 14 are mounted 
on tracks 26 which extend parallel to the path of move 
ment or" the pipe sections P so that ‘the carriage 14 and 
quench vhead 12 are movable toward and away from the 
furnace F. 

The track 26 its end limits de?ned by spaced pairs 
of stop blocks and 36 which limit the direction of 
travel of the carriage A pair of hydraulic cylinders 
32 are mounted at opposite ends of the track 26 
and have respectively pistons 35 ‘and 38. Piston rods 
4'3 and d2 extend from the pistons 36 and 38 respectively 
and are connected to the opposite ends or" the carriage 14. 
A source of hydraulic ?uid (not shown) is connected by 
‘conduit 43 to the hydraulic cylinder 32 through a two 
way valve and conduit 46 and by conduit 47 to the 
hydraulic cylinder 34 through a two-way valve 48 and 
conduit The valves 44- and ‘it; are operable by a linle 
age which includes a rod 51 interconnecting the valves and 
a pair of solenoid coils $2 and 53. Each of the valves 

and 1&3 has a ?rst position wherein the high pressure 
portion of the hydraulic source is connected to the re 
spective hydraulic cylinder and a second position where 
the sump or low pressure zone 54 of the hydraulic source 
is connected to its respective hydraulic cylinder. The 
valves 624- and are so arranged and connected to the 
inkage that when coil 52 is energized the valve 44 is 
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shifted to the left connect the sump 54 to the hydraulic 
cylinder 32 and the valve 48 is shifted to connect the con’ 
duit 47 to the hydraulic cylinder 34, and when coil 53 is 
energized the valve 44 is shifted to the right to connect 
the conduit 43 to the cylinder 32 and the valve 748 is 
shifted to connectithe sump 54 to the cylinder, 34., The 
valves 44 and 4S‘are so constructed that when set inja 
given position they‘ will remain in that position even 
though the coil that shifted them thereto is (?e-energized. 
The carriage 14 will be driven to the left as seen in FIG 
URE 2 when cylinder 32. is, connected to thehigh pres 
sure source through conduit 43 and to the right when cyl 
inder 34 is connected to the high pressure source through 
conduit 47. The valves 44 and 43 are operably movable 
between these positions by the linkage in a manner which 
*will be described. As can be seen in FIGURE 2, needle 
vlaves 55 and S6 areprovided in conduits 43 and 47 be 
.tween the hydraulic source and the two~way valves 44 
and 48 and are adapted to regulate'the ?uidr?ow to the 

the speed of travel of the 
carriage 14. . ' < - V ' ' V j . 

~The control system, which will be described presently, 
is adapted to actuate the valves 44fand 48 to move’ the 
carriage to the right (as seen in FIGURE 2) just before 
the trailng end of the pipe enters the spray head. The 
yalve 56 is regulated so that the carriage will move the 
spray head at the speed that the pipe section is traveling 
which will give an additional quench to the trailing end 

' _of the pipe section to su?iciently cool the pipe'before the 
water is sprayed into the pipe section against the interior 
surface. As'was described above, this additional quench 
ing minimizes formation of cracks which if not quickly 
treated can lead to substantial scrap loss. ' 
i A ?ag switch 60, located just on'the entry side of 
quench head 12 as shown in FIGURE 2, controls the 
movement of the carriage 14. The flag switch 69 is pro 
vided with a counter-weight 62 which normally biases the 
switch into the pathof travel of the pipe. The ?ag 
switch is provided with a pair of contacts 69C and 6GC1'. 
When the flag switch 60 is projecting into the path of 

. travel of the pipe and no pipe is traveling, along this path, 
contact 60C is open and contact 60C1 is closed. When a 
section of pipe emerges from the furnace and enters the 
quench head it strikes and depresses the ?ag switch 60 
which'will open contact 6001 and close contact 60C. 
The contacts 60C and 60C1 control the electrical circuit 
shown in FIGURES 4 and 5 which circuit operates the 
solenoid valves 44 and 48. 

Referring now to FIGURES 4 and 5 the electrical cir 
, cuit includes a pair of line wires 64 and 66 which pro 
vide the power to the circuit. The, circuit includes a relay, 
coil 68 which operates normally open contacts 68C and 
68C1, relay‘ coil 70 which operates normally open contact 
70C, and relay coil 72 which operates normally closed 
contacts 72C and '72C1 and normally open contact 72C2. 
Relay coil 68 is connected across line wires 64, 66 in 
series with contact 60C which is connected in parallel with 
contacts 68C and 72C.‘ Relay coil '79 isconnectedacross 

' line wires 64, 66 in series with contacts 69C}, 68C1 and 
721C1 and in parallel with solenoid 52. Contact 79C is 
connected in parallel with contact 60C1. Relay, coil 72 
is connected across line wires 64, 66 in series~with normal 
ly open limit switches 74 and 76. Solenoid 53 is con 
nected across line wires 64, 66 in series with contact 

' 72C2. Normally closedlimit switches 78 and 80 are con 
nected in series between solenoid 53 and limit switch 76. 
The switches '74 and 76 are mounted on the right hand 
stop blocks 30 and are closed by the wheels of the car 
riage when they abut the blocks 30, and the switches 7 8 
.and 80 are mounted on stop blocks 28 are are closed by 
the wheels of the carriage when the wheels strike the 
blocks 28. 7 

Operation - 

Assume that all of the contacts and switches are in 
the position shown in FIGURE 4 and that the carriage 
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and controls are as shown in FIGURE 2'with no pipe de 
pressing flag switch 63. When a pipe section emerges 
from the furnace and just before it enters the quench 
head 12 it will depress ?ag switch 69. This will ?rst open , 
contact éfiCl and then close contact 68C. Closing of 
contacteo?C will energize relay coil 68 and close its con 
tacts 68C and sect. Howeverfsince contact 6%(11 was 
opened before contact 69C closed, solenoid coil 52 will. 
not be energized and contact 72C2 will remain ,de-euery 
'gized and the carriage 14 will remain stationaryagainst. 
the left-hand stops 28. Thus, the'pipe section will move 
through the quench head 12 with the water spray’ being 
directed from. the spray nozzles 2% against the outer sur 

' face of the" pipe. When the trailing end of the piperp'asrses 
beyond'the. ?ag switch as the switch will raise opening 
contact sec and closing contact 6e01, Closing of con 
tact ollCl energizes solenoid coil 52 and relay coil '70 
through contacts 653C}, é?Cll and 72C1. Energization 
of ' solenoidcoil 52 shifts the valves 44 and 48 to connect 
the cylinder 34 
54. This causes the carriage 14 to be driven to the right 

by the setting of needle valve’ 56; 
This setting is adjusted so, that the carriage will move at 

' the same speed as the pipe section is moving. 
When the carriage, 14 starts .to move to the right it 

moves away from the left-hand stops 28 thereby opening 
contacts 778 and 8th The carriage will continue to. move 
to the right until it abuts the right-hand stops 30 which 
will stop movement, of the carriage and close contacts 74 
‘and 76. Closing of contacts 74 and '76 energizes relay . 
coil 72 which will close its contact 72C2 and open its 
contacts 720 and 72C1. Opening of contact 72C will 
tie-energize relay coil 68, and opening of contact 72C1 
willde-energize relay coil 79 and solenoid coil 52. Clos 
ing of contact 72C2 will energize solenoid coil 53 which 
will shift the valves 44 and 43 to connect the hydraulic 
cylinder 32 to conduit 43 and the hydraulic cylinder 34 
to the sump 54. Thiscauses the carriage to reverse di 
rection and move to the left at a speed which is regu 
lated by the setting'of needle valve 55.’ By using two 

. contacts 74 and 76if the carriage became twisted during 
its travel, it. would not reverse direction until it has 
straightened‘out and: closed both contacts 74. and 76. ' 
Contacts 78 and 80 function in a like manner to prevent 
twisting ofthe carriage when it is moving in the oppo 
site direction. ' ~ - ‘ ' , ' 

From the foregoing, it can be seen that just before the 
trailing end of the pipe enters the quench head the car 
riage is actuated to move the head to maintain the spray 
against the exterior of the pipe and prevent any spray . 
from being sprayed into the pipe until the carriage has 
moved a substantial distance with the pipe, thereby reduc~ 
ing thetemperature of the pipe to, a point below which’ 
Water or otherquenching media may be safely sprayed 
into the pipe without increasing the danger of cracking. ' 
Once the carriage has reached the extreme right position 
it isthen reversed and returned to'the left and this return 
will take place irrespective of whether a second pipe 
section is closely following the ?rst pipe or not. If no 
pipe is following the previously quenched pipe section ‘ 
the carriage will move to the left as explained above and 1 
as. it moves away from the right-hand stops 30, contacts 
74 and 76 will be opened which'will de-energize relay" 
coil 72. This will open contact 72C2 tie-energizing sole 
noid coil 53. 'Also, when relay coil 72 is de-energized 
contacts 72C and 72C1 will be closed. However, since 
contact 68C1 islopen solenoid coil 52'will remain de-' 
energized and valves 44 and 48 will not change position.’ 
When the carriage completes-its movement to the left'it 
fwill abut the’ left-hand 'stops closing contacts 78 and 80' 
‘which thereby returns the circuit to ‘the position shown 
in FIGURE 4 ready to receive the next pipe. . . 

However, if during the return movement of the carriage 
from the right-hand stop 39 to. the left-hand stop 28', a 

to conduit 47' and cylinder 32 to the sump, 
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second pipe section is closely following the previously 
quenched section the head end of this second section will 
depress ?ag switch 60 as the carriage is returning thus 
opening contact 6901 and closing contact 66C. However, 
this will not a?ect the movement of the carriage since sole 
noid 52 remains de-energized. Movement of the carriage 
14 to the left will continue until the trailing end of the pipe 
passes over ?ag switch 65) which will ?rst open contact 
690 and then close contact éiiCi. This, as described 
above, will cause solenoid coil 52 to be energized which 
will shift the valves 44 and 4-8 to provide high pressure 
?uid to the hydraulic cylinder 34 which will move the 
carriage to the right. 
As was described above, the setting of the needle valve 

56 should be adjusted so that the carriage will travel to 
the right at a speed corresponding to the speed of the 
‘pipe sections emerging from the furnace. The needle 
valve 55 should be adjusted so that the return Speed of 
the carriage to the left will be su?ciently slow that the 
pipe sections will be adequately quenched even though 
the head is moving in a direction opposite from that of the 
pipe but su?iciently rapid so that the carriage will reach 
the left-hand stops 28 before the trailing end of the pipe 
passes over the ?ag switch 643. This will insure an even 
quench of the entire length of the pipe and a full length 
of travel of the quench head with the trailing end of the 
pipe to su?‘iciently cool the trailing end before the water 
is sprayed inside. 
From the foregoing description it can be seen that no 

speci?c or constant distance between succeeding sections 
of pipe need be maintained; the sections can follow each 
other rather closely or they can be widely spaced. The 
only requirement is that there be enough space between 
the pipe sections so that the ?ag switch 613 will move to 
open contact titlCl and close contact éllCZ before the 
next section of pipe depresses this flag switch. 

While one embodiment of my invention has been 
shown and described it will be apparent that other adapta 
tions and modi?cations may be made without departing 
from the scope of the following claims. 

I claim: 
1. Apparatus for spray quenching pipe sections emerg 

ing successively from a furnace comprising, nozzle means 
circumferentially disposed about the pipe sections as they 
emerge from the furnace, said nozzle means being posi 
tioned to direct a ?uid spray against the external surface of 
a pipe section, means operable by the trailing end of each 
pipe section to move said nozzle means in the direction of 
travel of the pipe sections when the trailing end of the 
section reaches a preselected position prior to entry into 
the ?uid spray, and means to return the nozzle means to 
their original position after a preselected movement, 
whereby when the trailing end of a pipe section approaches 
the ?uid spray the nozzle means will move with the trail 
ing end to prevent spraying of the ?uid internally of the 
pipe until the trailing end of the pipe has had extended 
quenching. 

2. Apparatus for spray quenching pipe sections emerg 
ing successively from a furnace comprising, a plurality of 
nozzles circumferentially disposed about the pipe sections 
as they emerge from the furnace, said nozzles being posi 
tioned to direct a ?uid spray against the external surface 
of a pipe section at an angle inclined in the direction of 
travel of the pipe section, drive means adapted to move 
said nozzles reciprocally along the path of travel of said 
pipe sections, control means arranged to actuate said drive 
means to move said nozzles in the direction of travel of 
said pipe sections when the trailing end reaches a pre 
selected position and to return the carriage to its original 
position after a predetermined distance of travel, whereby 
when the trailing end of a pipe approaches the ?uid spray 
the nozzles will move with the pipe section to prevent 
spraying of the ?uid internally of the pipe until the trail 
ing end of the pipe has had extended quenching. 
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3. Apparatus for spray quenching pipe sections emergl 

ing successively from a furnace comprising, a plurality of 
nozzles circumferentially disposed about the pipe sections 
as they emerge from the furnace, said nozzles being posi— 
tioned to direct a ?uid spray aginst the external surface 
of the pipe sections at an angle inclined in the direction 
of travel of the pipe section, ?uid pressure drive means 
adapted to move said spray nozzles reciprocally along the 
path of travel of said pipe sections, and control means 
arranged to actuate said drive means to move said nozzles 
in the direction of travel of said pipe sections when the 
trailing end reaches a preselected position and to return 
the carriage to its original position after a predetermined 
distance of travel, whereby when the trailing end of the 
pipe section approaches the ?uid spray the nozzles will 
move with the pipe section to prevent spraying of the 
?uid internally of the pipe until the trailing end of the 
pipe has had extended quenching. 

4. Apparatus for spray quenching pipe sections emerg 
ing successively from a furnace comprising, a track ex 
tending in the direction of the path of travel of the pipe 
sections adjacent the exn't end of the furnace, a carriage 
mounted on said track and movable therealong, a plu 
rality of spray nozzles mounted on said carriage and 
circumferentially disposed about the pipe section as it 
emerges from the furnace, said nozzles being positioned to 
direct a ?uid spray against the external surface of the pipe 
sections at an angle inclined in the direction of travel of 
the sections, drive means adapted to move said carriage 
on said track reciprocally along the path of travel of said 
pipe sections, control means arranged to actuate said drive 
means to move said carriage in the direction or" travel 
of the pipe sections when the trailing end reaches a pre~ 
selected position with respect to the spray nozzles and to 
return the carriage to its original position after a pre 
determined distance of travel, whereby when the trailing 
end of a pipe approaches the .i uid spray the nozzles will 
move with the pipe section to prevent spraying of the ?uid 
internally of the pipe until the trailing end of the pipe 
has had extended quenching. 

5. The combination of claim 4 characterized by said 
drive means including at least one hydraulic cylinder, and 
means adapted to regulate the flow of ?uid to said cylinder, 
whereby to adjust the speed of travel of said carriage. 

6. Apparatus for spray quenching pipe sections emerg 
ing successively from a furnace comprising, a track ex 
tending in the direction of the path of travel of the pipe 
sections adjacent the exit end of the furnace, a carriage 
mounted on said track and movable therealong, a plu 
rality of spray nozzles mounted on said carriage and cir 
cumferentially disposed about the pipe section as it 
emerges from the furnace, said nozzles being positioned 
to direct a ?uid spray against the external surface of the 
pipe sections at an angle inclined in the direction of travel 
of the pipe sections, a ?rst hydraulic cylinder connected 
to said carriage and ‘adapted to drive the carriage in the 
direction of travel of the pipe sections, a second hydraulic 
cylinder adapted to drive the carriage in direction opposite 
the direction of travel of the pipe sections, control means 
adapted to control the movement of said carriage, said 
control means including first switch means arranged to 
actuate said ?rst cylinder when the trailing end of the pipe 
passes a preselected point with respect to the spray heads 
to thereby drive the carriage in the direction of the path 
of the pipe section, said control means including second 
switch means positioned to actuate said second cylinder 
when the carriage has traveled a preselected distance in 
the direction of travel of the pipe section to thereby drive 
the carriage back to its original position, and stop means 
limiting the distance of travel of said carriage, whereby 
when the trailing end of a pipe approaches the ?uid spray 
the nozzles will move with the trailing end to prevent 
spraying of the fluid internally of the pipe until the trailing 
end of the pipe has had extended quenching. 

7. The process or" spray quenching pipe sections emerg 
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ing successively from a furnace, said process being adapted 
, to reduce the propensity for trailing end cracking of the 
pipe due to spray entering internally of the pipe before 

' the trailing end of the pipe has had extended quenching, 
said process comprising moving a pipe section with re 
spect to a quenching spray, then moving the quenching 
spray a substantial distance in the direction of pipe travel 
as the trailing end of the pipe approaches the quenching 
spray, and thereafter returning the quenching spray to its 
original position. 
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