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UNITED STATES 

2,125,176. 

PATENT office 
2,125,178 

APPARA US FOR REMOVING META, FROM 
TBE SURFACES OF METALCBO DES 

Homer W. Jones, Elizabeth, N. J., assignor, by 
mesne assignments, to Union Carbide and Car 
bon Corporation, a corporation of New York 

Application October 28, 1933, Serial No. 695,571 
18 Claims. (Cl. 266-23) 

My invention relates to an apparatus for 
thermo-chemically removing surface metal from 
bodies of ferrous metal such as steel slabs and 
billets. 

5. It has been the practice heretofore to employ 
heavy machine tools, such as planing, shaping, 
milling, and chipping machines, for removing or 
cutting metal from the surfaces of metailic 
bodies. Such machines are not entirely satis 

10 factory, because they remove metal at a very 
slow rate. Further, they are expensive, and 
their operating costs are high because power is 
required both for relatively moving the cutting 
tool and the metallic body and for carrying out 

15 a cutting operation. In such machines, also, the 
greater the hardness of metal the greater is the 
amount of power required to make a cut. 
The objections in using these machines are 

particularly true in steel mill operations in the 
20 manufacturing of steel billets, bars, slabs, and 

other semi-finished shapes. In the manufac 
turing of such semi-finished shapes surface de 
fects, such as cracks or seams, are often pro 
duced. These surface defects have generally 

25 been removed by portable chipping tools and 
heavy machine tools, and thereafter the semi 
finished shapes are rolled. N 
Within the last few years the objections of heavy 

machine tools have been avoided by employing 
30.blowpipes having nozzles particularly adaptable 

for removing surface metal from metallic bodies. 
These nozzles are constructed so as to permit the 
passage of a comparatively large volume of oxi 
dizing gas at a relatively low velocity in such a 

35 manner that surface metal is removed and cuts or grooves are produced having gradually slop 
ing sides. 
sloping sides of the cuts will tend to flatten out 
and will not fold over and be rolled into the 

40 metallic body upon further rolling thereof. 
It has been the practice for an operator to em 

ploy a blowpipe of the character just described 
for manually removing surface metal from 
metallic bodies. In such cases cuts uniform in 

45 character are not attained because many Vari 
able factors occur during a surface removing 
operation. These variable, factors include the 
acute angle at which the oxidizing stream is ap 
plied to the surface of the work, the position of 

50 the tip of the blowpipe nozzle with respect to 
the work, and the rate of relative movement be 
tween the blowpipe nozzle and the work. Also, 
the maximum economy in the consumption of 
oxidizing gas is not obtained when surface metal 

55 is removed manually by an operator. Since 

By making cuts in this manner, the 

many different operating conditions are en 
countered in practice, it is desirable to provide 
apparatus in which the variable factors men 
tioned above can be readily changed and main 
tained constant during the surfacing operation. 5 
An object of my invention, therefore, is to pro 

vide an improved apparatus relatively light in 
Weight as compared with heavy machine tools 
for rapidly and economically removing metal 
from the surfaces of metallic bodies. 10 
Another object of my invention is to provide 

an apparatus utilizing an oxidizing gas stream 
for thermochemically removing surface metal 
from metallic bodies so as to produce improved 
steel slabs and billets, for example, which have 15 
surface portions substantially free from defects, 
such as cracks and seams, and of substantially 
uniform character and continuous from adja 
cent one end to adjacent the opposite end of 
the slab or billet. 20 
Another object of my invention is to provide 

apparatus - for removing surface metal with an 
oxidizing gas stream in which the variable fac 
tors encountered can be controlled and main 
tained substantially constant during the desur- 25 
facing operation, to remove a layer of metal from 
a surface of a metal body such as a steel slab 
or billet. 
A further object of my invention is to provide 

such apparatus wherein the manner of apply- 30 
ing an oxidizing gas stream can readily be 
changed for different operating conditions. 

Further objects and advantages of my inven 
tion will become apparent as the following de 
scription proceeds, and the features of novelty 35 
which characterize my invention will be pointed 
out in the claims annexed to and forming a part 
of this specification. 

In the drawings Fig. 1 is a plan view of appa 
ratus embodying my invention and adapted to 40 
perform my improved desurfacing process; Fig. 
2 is a sectional view taken on line 2-2 of Fig. 1; 
Fig. 3 is a sectional view taken on line 3- of 
Fig. 1; Fig. 4 is a perspective view of parts of 

, the apparatus illustrated in Figs. 1 to 3, inclu- 45 
sive; Fig. 5 is a longitudinal cross sectional view 
of a blowpipe nozzle, preferably employed in the 
apparatus illustrated in Figs. 1 to 4, inclusive; 
and Fig. 6 is an end view of the discharge ori 
fice of the blowpipe nozzle shown in Fig. 5. 50 

In desurfacing metal bodies of the character 
indicated with an oxidizing gas stream a por 
tion of the metal is removed in an oxidized form, 
and another portion of the metal is removed in 
the form of molten metal which, with the oxi- 55 
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2 
dized metal, is blown by the oxidizing gas stream 
forwardly ahead of the region or Zone of im 
pingement of said stream against the metal body. 
To effectively remove surface metal, it inust be 
raised to an ignition or kindling temperature be 
fore the oxidizing gas stream is applied thereto. 
The entire metallic body can be raised to an 
ignition temperature, as in a furnace, or Suc 
cessive portions of the surface metal to be re 
moved can be progressively raised to an ignition 
temperature prior to or simultaneously with the 
application of the oxidizing gas stream. The 
blowpipe nozzles employed for this purpose dis 
charge a comparatively large volume of oxidiz 
ing gas at a relatively low velocity. 
The depth and width of cut obtained in any 

particular case is dependent upon several fac 
tors. These factors are the size and Velocity of 
the oxidizing gas stream; the acute angle at . 
which the oxidizing gas stream is applied to the 
surface of a metallic body; and the rate of rela 
tive movement between the oxidizing gas stream 
and the metalic body. After the size and ve 
locity of the oxidizing gas stream have initially 
been determined, it is of considerable importance 
that the oblique angle at which the oxidizing gas 
stream is applied against the metallic bodies and 
the rate of relative movement between the bodies 
and oxidizing gas stream be maintained Substan 
tially constant, so as to produce channels which 
are uniform in character and dimension. For 
this purpose it is desirable to provide apparatus 
having proper adjustments for applying and 
maintaining the Oxidizing gas strean at a Se 
lected acute angle with respect to the Surface 
of a metallic body. Further, it is desirable to 
provide driving mechanism which can be readily 
controlled for adjusting and maintaining tuni 
form the rate of relative movement of the oxidiz 
ing gas strean and metallic body. In this man 
ner contiguous channels uniform in character 
are simultaneously obtained with a minimum 
amount of power and gas. 

Referring to the drawings, the exemplary ap 
paratus here shown comprises a frame structure 
F having a bed or table foupon which the work, 
such as a steel slab fi, is placed. Where surface 
metal is to be removed from a large number of 
duplicate pieces, as in steel mill operations, suit 
able apparatus may be provided for placing the 
work on and removing the Work from the table 
O. Disposed above the slab and at an acute 

angle to the top surface f2 thereof is arranged a 
plurality of blowpipe nozzles 3 adapted to move 
relatively to the slab and continuously from 
adjacent one end thereof longitudinally in a fixed 
direction to the other end thereof, for pro 
gressively applying heating flames and oxidizing 
gas streams obliquely against and lengthwise of 
successive portions of the top surface f2 to 
remove therefrom a relatively wide layer of sur 
face metal and form contiguous parallel shallow 
channels of uniform character and dimensions. 

In order to remove metal effectively in this 
manner, it is necessary to employ blowpipe 
nozzles that will permit the passage of a com 
paratively large volume of oxidizing gas at a 
relatively low velocity. The nozzles 3 are of 

... this character and, as shown in Figs. 5, and 6, 
70 

75 

each comprises a central passage 4 having an 
inlet 15 for an oxidizing gas, and a plurality of 
passages 6 surrounding the central passage 4 
and having inlets 7 for a combustible gas. To 
obtain an oxidizing gas stream of large volume 
and of relatively low velocity, the passage 4 of 
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each nozzle is enlarged at the tapered portion 
8 adjacent to the inlet 5, and the remainder 
of the passage f4 is of the same cross sectional 
area as the discharge orifice 9. The coupling 
20 of each nozzle is threadedly secured to a 
nozzle head 2 for maintaining the inlet S of 
the oxidizing gas passage 4 and the inlets 
of the combustible gas passages 6 in communi 
cation with similar passages in each head 2. 
The oxidizing gas, such as oxygen or a mixture of 
oxygen and air, and a combustible gas, such as 

- a mixture of oxygen and acetylene, are delivered 
to the heads 2 through conduits 22 and 23, re 
spectively, from suitable sources of Supply (not 
shown). 
When it is desired to remove a narrow strip of 

surface metal in a single pass, a single nozzle is 
used; and when it is desired to remove a wide 
strip of surface metal, a gang or plurality of 
nozzlies are used. As shown in Figs. to 4, three 
nozzles 3 are arranged closely side by side or ad 
jacent to each other in a row extending trans 
versely of the length of the surface 2, by Se 
curing their respective nozzle heads 2 by cap 
screws 24 to a crossbar 25. The crossbar 25 is 
secured to the downwardly sloping arm 26 of a 
bracket 27, the other arm 28 of which is pivot 
ally mounted by a cap screw 29 in the forked end 
of an upwardly extending arm 3 of a U-shaped 
member 3. By pivotally mounting the nozzles 
3 on the U-shaped member 3 in this manner, 

the angle of the nozzles 3 with respect to the 
top surface 2 of the slab can readily be ad 
justed. To simultaneously rigidly set the longi 
tudinal axes of all of the nozzles 3 at a given 
acute angle with respect to the slab , the end 
of the arm 28 of the bracket 2 is provided with 
a pointer 32 which cooperates with an indicat 
ing scale or protractor 33 attached to a projec 
tion 34 which is spaced from the arm 30 and 
secured to the U-shaped member 3, as shown 
in Fig. 3. 

In removing surface metal by moving the 
nozzles 3 relatively to the slab (, it may be 
desirable under certain conditions to permit the 
tips of the nozzles to rest or ride on the bottom 
of a cut; and under other conditions it may be 
desirable to maintain the tips of the nozzles 3 
spaced from the bottom of a cut, as will be here 
inafter explained. When a cut is inade with the 
tips of the nozzles 3 riding in the bottom of a 
cut, it is not desirable to allow the entire weight 
of the nozzles 3 and heads 2 to ride in the 
cut. For this reason, the weight of the nozzles 
3 and heads 2 is counterbalanced by mecha 
nism comprising a weight 35 which is slidably 
mounted on a lever arm 36. The weight 35 
counterbalances the major portion of the weight 
of the nozzles 3 and heads 2 through a parallel 
linkage M comprising the vertical arm 37 of the 
U-shaped member 3 and the vertical arm 38 of 
a U-shaped member 39. The vertical arms 37 
and 38 are arranged in spaced relation and form 
the vertical links of the linkage M, and are piv 
otally connected at their lower ends to a hori 
zontal link 40. The upper ends of the vertical 
arms 3 and 38 are pivotally connected in the 
forked end 4 of the lever arm 35, which forked 
end forms the upper horizontal link of the link 
age M. By properly positioning the counter 
weight 35 at the threaded outer end of the lever 
arm 36 by lock nuts 42 which bear against each 
end of the counterweight, the weight of the 
nozzles 3 and heads 2 can be readily counter 
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2,125,178 
bear lightly on the bottom of a cut as the nozzles 
are moved relatively to the slab . This tends 
to minimize the friction and chattering between 
the nozzles 3 and the surface 2 of the slab f. 
In cases where the work is not perfectly flat and 
the nozzles tend to move up and down as they are 
translated with respect to the work, the given 
acute angle at which the nozzles 3 are set will 
always remain the same, due to the reciprocatory 
parallel motion of the vertical links of the paral 
lel linkage M. . 
In Order to limit the downward movement of 

the nozzles 3 when it is desired to make cuts 
with the tips spaced from the bottom of a cut, the 
arm 38 of the U-shaped member 39 is provided 
with a projection or stop 43 shown in Figs. 1 
and 2 which is adapted to contact with the lever 
36 and raise the nozzles from the slab when 
the arm 38 is moved by a mechanism to be de-, 
Scribed. 
The nozzles 3 and the parts of the apparatus 

just described and cooperating therewith are 
mounted on a carrier or carriage Chaving mech 
anisms for adjusting the nozzles 3 transversely 
and vertically with respect to the slab . The 
carriage C comprises a base plate 44 and a slide 
45 in dove-tailed engagement therewith and mov 
able laterally of the frame structure F by mech 
anism on the carriage C which is actuated by 
turning a handwheel 46. The vertical arm 47 
of the U-shaped member 39 extends through an 
opening of a guide block 48 which is secured to 
the end of the slide 45 opposite the handwheel 
46. On the vertical arm 47 is formed a toothed 
rack 49 which engages a pinion 50. The pinion 
is Secured to a shaft 5 journaled in the guide 
block 48. A right angle extension 52 on the 
shaft 5 serves as a handle which, when turned, 
rotates the pinion 50 so as to move the toothed 
rack 49 and the arm 38 of the U member 39 up 
or down. The stop 43 carried by the arm 38 
strikes the lever 36 and adjusts the nozzles. 3 
vertically with respect to the slab ff. The noz 
zles 3 can be maintained at a given vertical 
position by locking the arm 4 in the guide block 
48 by a set screw 53, as shown in Fig. 2. 
The base plate 44 of the carriage C is in dove 

tailed engagement with and movable along a T 
shaped rail 55 extending longitudinally of the 
frame structure F, the ends of which rail are 
fixed in brackets 56 attached to standards 57 
mounted on the frame structure F. . Above and 
parallel to the rail 55 is arranged a lead screw 
58 for driving the carriage C, the ends of which 
are journaled in brackets 59 attached to the ends 
of the rail 55. A cap 60 internally threaded to 
form a half nut for operatively connecting the 
carriage C to the lead screw 58 is provided with 
a handle 6 which is pivotally connected at 62 
to a forked arm 68 attached to the base plate 
44. To maintain the cap 60 in a downward and 
engaged position with the lead screw 58 it is 
provided with a notched lug 64, as shown in Figs. 
3 and 4, which lug is adapted to be engaged by 
a pawl 65 pivotally mounted on the base plate 
44 and resiliently biased, as by a spring (not 
shown), toward the lug. 64. 
The lead screw 58 is arranged to be driven 

by an electric motor E having a shaft 67 con 
nected to a variable speed change device 68. A 
pulley 69 secured to a shaft TO of the speed 
change device 68 drives a belt 7 which is con 
nected to a pulley. T2 secured to one end of the 
lead screw 58. By providing the speed change 

75 device 68, the carriage C can be driven at any 

3 
desired speed by the lead screw 58. In this 
manner the obliquely inclined nozzles 3 can be 
moved at a constant and proper rate of speed 
longitudinally of the surface. 2 to produce cuts 
which are substantially uniform throughout their 
lengths. 
The operation of the apparatus illustrated in 

the drawings is substantially as follows: It will 
be assumed that the motor E is energized and 
the speed change device 68 has been so adjust 
ed that the carriage C will be driven at the de 
sired speed by the lead screw 58; that the cap 
60 on the carriage C is disengaged from the lead 
Screw 58; that the carriage C is at the left hand 
end of the frame structure F with the nozzles 

clear of the slab f; that the nozzles 3 have 
been correctly positioned laterally by turning the 
hand-wheel 46; that the nozzles 3 have been 
adjusted at the desired acute angle with respect 
to the slab fl; that the handle 52 has been 
turned to adjust the nozzles 3 vertically with 
respect to the surface 2 of the slab; that the 
position of the counterweight 35 has been ad 
justed on the lever arm 36 so that the nozzles 
3 will lightly ride the bottom of the cut; and 

that the conduit 23 is supplied with a mixture 
of Oxygen and acetylene. With the above as 
sumed conditions, the combustible gas issuing 
from the passages 6 is ignited and the carriage 
C is moved manually so that the row of ad 
joining heating flames will be applied to the left 

As soon as a wide hand edge of the slab f. 
transverse ZOne adjacent the edge of the slab 

has reached an ignition temperature, oxygen 
is Supplied to the conduits 22 and the cap 60 
is turned to its downward position so that the 
Carriage C will be engaged and driven by the 
lead screw 58. The row of adjoining oxidizing 
gas streams issuing from the orifices 9 of the 
nozzles 3 will then oxidize a relatively wide 
transverse Zone of the Surface metal at the left 
hand edge which has been raised to an ignition 
temperature by the heating flames, and this oxi 
dized metal along with molten metal will be 
blown ahead of the nozzles 3 in the form of a 
slag by the force of the oxidizing gas streams. 

Since it was assumed that the nozzles 3 will 
ride the bottom of the cut, the carriage C in 
being driven by lead screw 58 will cause the tips 
of the nozzles f3 to move on the bottom of the 
cut started at the left hand edge of the slab 
f. The nozzles f3 are moved relatively fast over 
the surface 2 of the slab ff with the heating 
flames, together with the molten metal and ox 
ides, raising successive surface portions to an 
ignition temperature, and with the Oxidizing gas 
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streams oxidizing the successive surface portions 
which have been raised to an ignition tempera 
ture. During the entire operation, oxidizing and 
molten metal are blown or propelled ahead and 
away from the cut, and progressively onto the 
surface to be removed, by the force of the oxi 
dizing gas streams. The Several Oxygen or oxi 
dizing gas streams issuing from the orifices 9 
effect superficial metal combustion along a rel 
atively wide transverse Zone of the surface of 
the slab and, during the movement of the 
nozzles 3 longitudinally of the surface, the vol 
ume, velocity, and angle of impingement of the 
oxygen streams as well as the rate of such move 
ment are so correlated as to maintain such su 
perficial metal combustion on successive surface 
zones from one end of the slab to its oppo 
site end, to produce continuous and uniform 
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thermo-chemical removal of a wide shallow layer 75 
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4. 
of metal from said surface throughout the entire 
length of the latter. 
When the cut has been completed, the cap 60 

is disengaged from the lead screw 58, and the 
carriage C is moved to the left hand end of the 
frame structure F. For making a cut parallel 
to the cut just completed, the nozzles 3 are 
moved transversely of the frame structure F by 
turning the handwheel 46 which actuates the 
mechanism for moving the slide 45 laterally of 
the carriage C. Although I have described a cut 
started at one edge of the slab , it is to be un 
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30 

derstood that cuts may be started at points in 
termediate the edges of the slab. 
In the description of the operation of the ap 

paratus, it has just been stated that the oxidizing 
gas streams blow oxidized and molten surface 
metal progressively forwardly onto the untreated 
surface, and this mixture of oxidized and molten 
Surface metal has been termed a 'slag'. Al 
though the Surface metal removed can be reduced 
completely to an oxidized form, it has neither been 
desirable or necessary to do so in practice. For 
example, it has been calculated that approximate 
ly 4% cubic feet of oxygen are required to oxidize 
completely one pound of an ordinary grade of 
low carbon steel containing about .2% carbon. 
In actual practice it has been possible to re 
move a pound of this steel with approximately 
2 cubic feet of oxygen. It is therefore appar 
ent that a portion of the Surface metal removed 
is in an oxidized state, and that the remaining 
portion is in a partially Oxidized state and in 
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an unoxidized state or molten form. By remov 
ing a substantial portion of the Surface without 
completely Oxidizing the same, considerable econ 
omy can be effected in the amount of oxidizing 
gas required to remove or make cuts in the Sur 
faces of metallic bodies. 
The removed metal blown ahead in advance 

of the cut as it is being made is at a high tem 
perature and Serves to assist the thermo-chem 
ical reaction by preheating successive portions 
of the surface metal to which the oxidizing 
stream is subsequently applied and thereby 
greatly contributes to the efficiency of the appa 
ratus and process. The characteristic types of 
cuts made in this manner are smooth, shallow 
parallel contiguous channels or grooves having. 
gradually sloping sides, as indicated at 73 in 
Figs. 3 and 4. - 
Due to the slight amount of friction and chat 

tering between the tips of the nozzles and the 
surface of a metallic body, the cuts ordinarily 
made when the tips of the nozzles are riding in 
the bottom of a cut are usually not glass smooth. 
In normal production work these cuts are suf 
ficiently smooth for all practical purposes. In 
certain instances, however, it is desirable to pro 
duce particularly smooth cuts. In order to make 
cuts which are extremely smooth, the nozzles 3 
are adjusted so that their tips may be spaced 
from the bottom of a cut. This is accomplished 
by providing the stop 43 to limit the downward 
movement of the nozzles 3 after they have been 
positioned vertically by turning the handle 52. 
Although Smoother cuts are obtained when the 
tips of the nozzles are spaced from the bottom 
of a cut, it is considerably more economical to 
remove metal with the nozzles riding the bottom 
of a cut, because in the latter case less oxidizing 
gas is required to remove a pound of metal, other 
factors remaining substantially the same. 

It has been stated that the nozzles 3 are of 
such a type that they will permit the passage of a 
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comparatively large volume of oxidizing gas at a 
relatively low velocity. In practice it has been 
determined that the best results under average 
conditions are obtained in most cases when the 
pressure of the oxidizing gas is adjusted to pro 
duce an oxidizing gas stream having a velocity 
between 550 and 750 feet per second. However, 
higher or lower oxidizing gas stream velocities 
may be used to suit different conditions and re 
Sults desired. 
The velocities of the oxidizing gas streams given. 

herein are calculated velocities of the oxidizing 
jets discharged from the nozzles based on the as 
Sumption that a measured volume of gas dis 
charge in a given time has a temperature of 70° F. 
and is at atmospheric pressure. 
The depth of the cut or channel and the height 

of the ridges may be made more or less pro 
nounced than illustrated to suit the working con 
ditions. The depth and width of a cut are af 
fected by the velocity of the oxidizing gas stream, 
both the depth and width of a cut increasing with 
an increase in the velocity of the oxidizing gas 
stream. The depth and width of a cut can par 
tially be controlled, therefore, by adjusting the 
velocity of the oxidizing gas stream. The dis 
mensions of a cut can also be controlled to some 
extent by varying the angle of the nozzles With 
respect to the work. It has been found that the 
depth of a cut does not change appreciably with 
a change in the angle of a nozzle. However, 
when the angle of a nozzle is increased with re 
Spect to the Work, a marked increase is obtained 
in the width of a cut. By way of example, sat 
isfactory cuts have been made with nozzles ad 
justed at acute angles not greater than about 35 
degrees and varying from 10 to 35 degrees with 
respect to the Surface of the work. Since wider 
cuts are obtained when the nozzles are set at the 
higher angles, the amount of metal that can be 
removed per cubic foot of oxidizing gas can be 
increased by increasing the acute angle of the 
nozzles with respect to the work. 

It has been mentioned above that the nozzles 
3 are moved relatively fast over the surface of 

the slab ?lf. Generally, the depth and width of a 
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cut will decrease with an increase in the speed at 
which the nozzles 3 are moved relatively to the 
Work. For different speeds at which the nozzles 
3 are moved, the amount of metal removed per 
pound of oxidizing gas is substantially the same. 
In any particular case, in order to economize time, 
the nozzles are preferably moved at the maximum 
Speed which Will still give a cut of the desired 
depth and width. At very low speeds satisfac- . 
tory cuts are not obtained due to the digging 
tendency of the oxidizing gas stream. This dig 
ging or piercing is caused by the metal slag piling 
up ahead of the nozzle. In order to avoid the oxi 
dizing gas stream digging into the surface of the 
Work, the nozzle is propelled at a speed sufficient 
to prevent the oxidizing gas stream being ap 
plied for too long a time at any particular por 
tion of the surface of the work. By way of ex 
ample, Satisfactory desurfacing cuts have been 
made on cold metal by propelling nozzles at 
Speeds varying from 4 to 90 feet per minute, i.e., 
at a rate of speed higher than the maximum speed 
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heretofore conventionally employed for Severing 
metal by means of an oxygen jet. For example, 
When using well known high-velocity oxygen jets 
for cutting or severing mild or structural steel 
at room temperture, conventional machine cut 
ting speeds for propelling the cutting nozzle or 

70 

blowpipe relatively to the steel body vary from 5 
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about 2.4 inches perminute for steel of 12 inches 
thickness to about 32 inches per minute for steel 
of one-eighth inch thickness. From the view 
point of saving time and conserving heat it is 
particularly advantageous to remove the surface 
metal from the billets, slabs, or the like while they 
are at elevated temperatures, such as the tem 
perature of a steel slab or billet after being hot 
rolled to reduce its cross Section. In the case 
where surface cracks are found by visual inspec 
tion of the metal and the deseaming has been ac 
complished by manual methods, it has been nec 
essary to allow the metal to cool before the Sur 
face defects can be removed individually, With 
the use of my improved apparatus no visual in 
spection for cracks or other surface defects is 
necessary when the entire surface is removed, and 
since it is not necessary that the operator ap 
proach the metal closely, the surface metal may 
be removed very rapidly while at the tempera 
ture of rolling or even higher. Where the pre 
heated metal is at an insufficient temperature 
to ignite in the oxidizing gas stream it is nec 

40 

50 

65 

70 

75 

essary to preheat the metal additionally to start 
the cut but such preheat may be discontinued 
after the cut has been started. In any event the 
residual heat in the metal at a hot rolling tem 
perature favors employing a very rapid desur 
facing speed (materially above the maximum 
speed for desurfacing cold metal), and effects an 
economy in the use of the gases although. On 
heated metal, in some instances, a more eco 
nomical use of the oxidizing gases may be ef 
fected by simultaneously preheating such hot 
metal and applying the Oxidizing gas stream 
thereto. The preheat is preferably applied in 
the form of a gas flame. 

It has also been observed that relatively hard 
metals, such as steels having high amounts of 
combined carbon, respond more readily to the 
action of oxidizing gas streams than metals of 
lower hardness, such as the low carbon steels. 
Since the harder metals respond more readily to 
the action of an Oxidizing gas stream than metals 
of lower hardness, the cost of removing surface 
metal does not increase with the hardness of the 
metal cut, as is the case with the heavy ma 
chine tools heretofore used where the amount 
of power required to make a cut increases with 
the hardness of the metal. 

It will thus be seen that an improved and in 
expensive apparatus which may be made rela 
tively light in weight, as compared with machines 
heretofore used, has been provided for removing 
Or cutting metal from the surfaces of metallic 
bodies. Since the apparatus is light and the fric 
tion between the cutting nozzles and the work is 
very small or may be eliminated, very little power 
is required for moving the nozzles relatively to 
the work. By providing various adjustments for 
the blowpipe nozzles, the manner in which the 
oxidizing gas is applied on the surface of the 
work can be readily controlled to produce cuts 
of any desired depth, width, and finish. After 
these various adjustments have been initially 
made, such as the setting of the nozzles at a par 
ticular acute angle and the speed at which the 
nozzles will travel, cuts uniform in quality are 
obtained. In addition to obtaining uniform cuts, 
the different adjustments can be so made that 
cuts can be produced with a minimum consump 
tion of oxidizing gas, thereby effecting consid 
erable economy in operating costs. 
While have shown and described a particular 

embodiment of my invention, it will be apparent 
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that the gas streams may be caused to traverse 
the surface of the metal body by moving either 
the gas stream or the metal body, one relatively 
to the other, and that many modifications may 
be made without departing from the scope of my 
invention as set forth in the appended claims. . 
This application has been divided, the process 

and product herein disclosed being claimed in my 
application, Serial No. 182,171, filed Dec. 29, 1937. 
I claim: 
1. In apparatus for thermo-chemically desur 

facing bodies of ferrous metal, the combination 
with means for supporting a body in a position 
to be operated upon, of a gang of blowpipe noz 
zles adjustably mounted adjacent the surface to 
be removed, said nozzles being each adapted to 
ride in a channel which is formed on the body 
and positioned to be inclined constantly at an 
angle between 10 and 35 degrees to the direc 
tion on said surface in which it is to advance 
and provided with separate passages for oxidiz 
ing gas and heating gas, means for holding said 
nozzles rigidly in side-by-side relation, means for 
yieldingly holding said nozzles in a desired posi 
tion with respect to said surface, and means for 
effecting relative motion between said body and 
Said nozzles at a rate removing a relatively thin 
stratum of Surface metal to substantially uni 
form depth along a channel. 

2. In apparatus for thermo-chemically desur 
facing bodies of ferrous metal, the combination 
with means for stationarily supporting a body in 
a position to be operated upon, of a carriage 
movably supported with respect to said support 
ing means, a gang of blowpipe. nozzles adjust 
ably mounted on said carriage in a manner adapt 
ed to be moved adjacent to the surface to be 
removed, said nozzles each being adapted to ride 
in a channel and positioned to be inclined con 
stantly at an angle between 10 and 35 degrees 
to the direction on said surface in which it is to 
advance and provided with separate passages for 
oxidizing gas and heating gas, the oxidizing gaS 
passage of each nozzle being shaped to supply a 
relatively large volume of low velocity oxidizing 
gas, adjustable means for holding said nozzles 
rigidly in side-by-side relation, adjustable means 
for yieldingly holding said nozzles in a desired 
position with respect to said surface, and means 
for moving said carriage whereby said gang may 
traverse said surface in one or more passes to 
effect a desurfacing operation. 

3. A machine for surfacing metal bodies in 
cluding in combination a carriage, an arm con 
nected to and extending transversely of the car 
riage, a frame carried by the arm adjacent one 
end of the arm, torch holders on the frame for 
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Supporting torches, means for causing the arm to 
move transversely of the carriage to position said 
frame over a body to be surfaced, and means for 
raising and lowering the frame to control the 
spacing of the torches from the surface of the 
body, 

4. A machine for surfacing metal bodies com 
prising a base, a transversely extending arm, a 
support for said arm connected with the base, 
a frame depending from one end of the arm 
beyond the base, holders on the frame for sup 
porting torches in position to surface a body 
alongside the base, means on the arm support for 
causing the arm to move transversely to locate the 
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torches at the desired spacing from the side of 
the base, and other means on the arm support for 
raising and lowering the frame to control the 75 
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spacing of the torches from the body to be sur 
faced. - :: 

5. Apparatus for thermo-chemically removing 
a shallow layer of metal from a surface of a 
ferrous metal body, such as a steel slab or billet, 
such apparatus comprising, in combination, 
nozzle means for delivering a high temperature 
heating medium and a low-velocity voluminous 
oxygen stream of relatively narrow and long 
cross-section obliquely against said surface to 
effect superficial metal combustion along a rela 
tively wide transverse zone of said surface; and 
mechanism for effecting continuous relative mo 
tion of said nozzle means and said body length 
wise of said surface at a rate higher than that 
conventionally employed for severing metal by 
means of an oxygen jet; the volume, velocity 
and angle of impingement of said strean and said 
rate of relative motion being so correlated as to 
maintain such combustion of superficial netal 
during such movement to produce continuous 
thermo-chemical removal of a shallow layer of 
said surface longitudinally of said body. 

6. Apparatus for thermo-chemically removing 
a substantially uniform shallow layer of metal 
from a longitudinal surface of a metal body, such 
as a steel slab or billet, such apparatus comprising 
the combination of blowpipe-nozzle means con 
structed to deliver a voluminous low-velocity 
stream of oxidizing gas obliquely against Said Sur 
face while the latter is heated to an ignition tem 
perature, to effect superficial metal combustion 
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along a transverse zone of said surface; a carriage 
carrying said nozzle means; mechanism whereby 
said nozzle means is movable relatively to said 
carriage toward and away from, and transversely 
of, said surface; adjustable means for setting said 
nozzle means to deliver said stream at a selected 
oblique angle relatively to the plane of said Sur 
face; and propelling mechanism for effecting con 
tinuous relative motion, between said body and 
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said carriage carrying said nozzle means, at a 
uniform rate higher than that conventionally 
employed for severing metal by means of an 
oxygen jet and in a fixed direction longitudinally 
of said surface from adjacent one end thereof to 
the opposite end thereof while maintaining con 
stant such-oblique angle position of Said nozzle 
means and said stream relatively to the plane 
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than that conventionally employed for severing 
metal by means of an oxygen jet. and in a fixed 
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of and adjacent to said surface, to continuously 
maintain such superficial metal combustion-dur 
ing such relative motion and remove a substan 
tially uniform shallow layer of metal from said 
surface. - 

7. Apparatus for thermoschemically removing 
a substantially uniform layer of metal from a 
longitudinal surface of a metal body, such as a 
steel slab or billet, such apparatus comprising 
the combination of a blowpipe nozzle constructed 
to deliver a voluntainous low-velocity stressm of 
oxidizing gas obliquely against and lengthwise of 
said surface; a carrier for said nozzle; mecha 
nism whereby said nozzle is movable relatively to 
said carrier toward and away from, and trans 
versely of, said surface; adjustable means for 
Setting said nozzle to deliver Said stream at a 
selected oblique angle, of a value not greater 
than 35 degrees, relatively to the plane of said 
surface; and mechanism for effecting continuous 
relative motion between said body and said car 
rier with said nozzle, at a uniform rate higher 

direction longitudinally of said surface from ad 
jacent one end thereof to the opposite end there 
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of while maintaining constant such oblique angle 
position of said nozzle and said stream relatively 
to the plane of and adjacent to said surface, 
to continuously remove metal from Said surface 
and blow metal oxide and anolten metal, pro 
duced by the resulting thermo-chemical action, 
ahead of the region of impingement of said 
stream. against said surface; said mechanism 
whereby said nozzle is movable toward and away 
from said surface comprising means normally 
holding said nozzle adjacent to said surface and 
adapted to yield in response to irregularities of 
Said Surface to permit said nozzle to move a Way 
from said surface without changing said oblique 
angle position of said nozzle and said stream 
relatively to the plane of said surface. 

8. Apparatus for thermo-chemically removing 
a substantially uniform layer of metal from a 
longitudinal surface of a metal body, Such as a 
steel slab or billet, such apparatus comprising the 
combination of a blowpipe nozzle constructed to 
deliver a voluminous low-velocity stream of Oxi 
dizing gas obliquely against and lengthwise of 
said surface; a carrier for said nozzle; mechanism 
whereby said nozzle is movable relatively to said 
carrier toward and away from, and transversely 
of, said surface; adjustable means for Setting Said 
nozzle to deliver said stream at a selected oblique 
angle, of a value not greater than 35 degrees, 
relatively to the plane of said surface; and niech 
anism for effecting continuous relative motion be 
tween said-body and said carrier with said nozzle, 
at a uniform rate higher than that conventionally 
employed for severing metal by means of an 
oxygen jet and in a fixed direction longitudinally 
of said surface from adjacent one end thereof to 
the opposite end thereof while maintaining con 
stant such oblique angle position of said nozzle 
and said stream relatively to the plane of and 
adjacent to said surface, to continuously remove 
metal from said surface and blow metal Oxide and 
molten metal, produced by the resulting thermo 
chemical action, ahead of the region of impinge 
ment of said stream against said surface; said 
mechanism whereby said nozzle is movable to 
ward and away from said surface comprising link 
means adapted to permit said nozzle to move 
freely toward and away from said surface re 
sponsively to irregularities, of said surface and 
without changing said oblique angle position of 
said nozzle and said stream relatively to the plane 
of said Surface. . 

9. Apparatus for thermo-chemically removing 
a substantially uniform layer of metal from a 
longitudinal surface of a metal body, such as a 
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steel slab or billet, such apparatus comprising : 

to deliver a voluminous low-velocity stream of 
oxidizing gas obliquely against and lengthwise of 
said surface; a carrier for said nozzle; mechanism 
whereby said nozzle is movable relatively to said 
carrier toward and away from, and transversely 
of, said surface; adjustable means for setting 
said nozzle to deliver said stream at a selected 
obliques angle, of a value not greater than 35 de 
grees, relatively to the plane of said surface; and 
mechanism for effecting continuous relative, mo 
tion between said body and said carrier with said 
nozzle, at a uniform rate higher than that con 
ventionally employed for severing metal by means 
of an oxygen jet and in a fixed direction longitudi 
nally of said surface from adjacent one end 
thereof to the opposite end thereof while main 
taining constant such oblique angle position of 

the combination of a blowpipe nozzle constructed . 
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said nozzle and said stream relatively to the plane 75 
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of and adjacent to said surface, to continuously 
remove metal from said Surface and blow metal 
oxide and molten metal, produced by the result 
ing thermo-chemical action, ahead of the region 
of impingement of said stream against said sur 
face; said mechanism -whereby said nozzle is mov 
able toward and away from said surface Com 
prising links constructed and arranged to permit 
said nozzle to move freely toward and away from 
said surface responsively to irregularities of said 
surface and without changing said oblique angle 
position of said nozzle and stream relatively to 
the plane of said surface, and means cooperating 
with said links to retard the free movement of 
said nozzle toward said surface. 

10. Apparatus for thermo-chemically removing 
a layer of metal from a longitudinal surface of a 
metal body, such as a steel slab or billet, Such 
apparatus comprising the combination of a blow 
pipe carriage movable longitudinally of Said Sur 
face; a blowpipe adjustably mounted on said car 
riage and having a nozzle constructed to deliver a 
high temperature heating flane and a low-ve 
locity voluminous oxygen stream obliquely against 
said surface to effect superficial metal combus 
tion along a transverse zone of said surface; 
means for moving said blowpipe and nozzle rela 
tively to said carriage toward and away from said 
surface; means for moving said blowpipe and 
nozzle relatively to said carriage and transversely 
of said surface; adjustable means for setting said 
blowpipe and nozzle to position said nozzle to de 
liver said stream at a selected oblique angle, of a 
value not greater than 35 degrees, relatively to 
the plane of said surface; links connected to said 
carriage and to said blowpipe and adapted to per 
mit said nozzle to move freely toward and away 
from said surface responsively to irregularities of 
said surface and without changing such selected 
oblique angle position of said nozzle and said 
stream relatively to the plane of said surface; 
Counterbalancing means cooperating with said 
links to yieldingly counteract the free movement 
of Said nozzle toward said surface; and mecha 
nism for continuously propelling said carriage 
and said blowpipe and nozzle at a uniform rate 
higher than that conventionally employed for 
severing metal by means of an oxygen jet and in a 
fixed direction longitudinally of said surface from 
adjacent one end thereof to the opposite end 
thereof, such oblique angle position of said blow 
pipe and stream being maintained substantially 
constant relatively to the plane of said surface 
during such propulsion to continuously maintain 
such combustion of superficial metal at successive 
zones of impingement of said stream against said 
surface to produce continuous thermo-chemical 
removal of a shallow layer of said surface 
throughout the entire length of the latter, remove 
metal from said surface and blow metal oxide and 
molten metal, produced by the resulting thermo 
chemical action, ahead of the region of impinge 
ment of said flame and stream against said sur 
face and onto successive portions of said surface 
from which metal is to be removed. 

11. Apparatus for thermo-chemically remov 
ing metal from a surface of a metal body, such as 
a steel slab or billet, such apparatus comprising 
the combination of a plurality of blowpipe nozzles 
disposed in a row, each of said nozzles being con 
structed to deliver a combustible heating gas jet 
and a jet of oxidizing gas; means, common to all 
of said nozzles, for simultaneously setting said 
nozzles at a selected oblique angle relatively to the 
plane of and adjacent to Said surface, whereby 
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such jets are adapted to be concurrently applied 
obliquely against and lengthwise of said surface 
to effect Superficial metal combustion along a 
relatively wide transverse zone of said surface; 
and mechanism for effecting continuous relative 
motion between said body and said nozzles at a 
uniform rate and in a direction longitudinally of 
Said surface to maintain such combustion of 
Superficial metal during such motion to produce 
continuous thermo-chemical removal of a rela 
tively wide layer of said surface longitudinally of 
said body. - 

12. Apparatus for thermo-chemically remov 
ing metal from a surface of a metal body, such 
as a steel slab or billet, such apparatus compris 
ing the combination of a plurality of blowpipe 
nozzles disposed side by side in a row, each of 
Said nozzles being constructed and arranged to 
deliver a jet of oxidizing gas obliquely against 
and lengthwise of said surface; means, common 
to all of Said nozzles, for simultaneously moving 
said nozzles as a unit toward and away fron said 
Surface; and mechanism, for effecting continu 
ous relative motion between said body and said 
nozzles at a uniform rate and in a direction lon 
gitudinally of said surface. 

13. Apparatus for thermo-chemically remov 
ing a relatively wide layer of metal from a sur 
face of a metal body, such as a steel slab or bil 
let, such apparatus comprising the combination 
of a plurality of blowpipe nozzles disposed side, 
by side in a row, each of said nozzles being 
adapted to deliver a combustible heating gas jet 
and a jet of oxidizing gas; adjustable means, 
Common to all of Said nozzles, for simultaneously 
Setting said nozzles at a selected oblique angle 
to the plane of said surface, whereby such oxidiz 
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3. 

ing jets and such heating gas jets are adapted 
to be concurrently applied obliquely against and 
lengthwise of said surface to effect superficial 
metal combustion along a relatively wide trans 
Verse Zone of said surface; means, common to 
all of Said nozzles, for simultaneously adjusting 
Said nozzles as a unit toward and away from 
said surface; means, common to all of said noz 
zles, for simultaneously adjusting said nozzles as 
a unit transversely of the length of said surface; 
and mechanism for effecting continuous relative 
motion between said body, and Said nozzles at a 
uniform rate and in a direction longitudinally of 
Said Surface while such oblique angle position of 
said nozzles and jets is maintained substantially 
constant to maintain such superficial metal com 
bustion during such motion and produce con 
tinuous thermo-chemical removal of a relatively 
wide layer of said surface longitudinally of said 
body. 

14. Apparatus for thermo-chemically removing 
metal from a surface of a metal body, such as a 
steel slab or billet, such apparatus comprising 
the combination of a plurality of blowpipe noz 
zles disposed side by side in a row, each of said 
nozzles being constructed and arranged to de 
liver a jet of oxidizing gas obliquely against and 
lengthwise of said surface; yieldable means nor 
mally holding said nozzles in operative position 
adjacent to said surface but adapted to yield 
responsively to irregularities of Said surface to 
permit said nozzles to move away from said sur 
face without changing the oblique angle posi 
tions of said nozzles and the jets thereof relative 
ly to the plane of said surface. 
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15. Apparatus as claimed in claim 14, in which 
said yieldable means comprises link means con 
structed and arranged to permit said nozzles to 75 
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move toward and away from said surface in a 
direction perpendicular to the plane of said sur 
face. . . . 

16. Apparatus as claimed in claim 14, in which 
said yieldable means comprises links constructed 
and arranged to permit said nozzles to move a 
limited distance toward and away from said sur 
face in a direction perpendicular to the plane of 
said surface, and means cooperating with said 
links to resist the movement of said nozzles to 
ward said surface. 

17. Apparatus for thermo-chemically renov 
ing metal from a surface of a metal body, such 
as a steel slab or billet, such apparatus compris 
ing the combination of a plurality-of blowpipe. 
nO2Zles disposed side by Side in a row, each of 
said nozzles being adapted to deliver combustible 
heating gas and a jet of oxidizing gas; adjustable 
means, common to all of said nozzles, for simul 
taneously setting said nozzles at a selected oblique 
angle to the plane of said surface, whereby such 
oxidizing jets and such heating gas flames are 
adapted to be concurrently applied obliquely 
against and lengthwise of said surface; means, 
common to all of said nozzles, for simultaneous 
ly moving said nozzles as a unit toward and 
away from said surface; means, common to all 
of said nozzles, for simultaneously moving said 
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nozzies as a unit transversely of the length of 
Said surface; and mechanism for effecting con 
tinuous relative motion between said body and 
Said nozzles at a uniform rate and in a direction 
longitudinally of said surface while such oblique 
angle position of said nozzles and jets is main 
tained Substantially constant, said means for 
simultaneously moving said nozzles toward and 
away from said surface comprising links con 
structed and arranged to permit said nozzles to 
move freely a limited distance toward and away 
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from said surface, and counterbalancing means 
cooperating with said links to yieldingly resist 
the free movement of said nozzles toward said 
Surface. 

18. Apparatus for thermo-chemically remov 
ing metal from a surface of a metal body, such 
as a steel slab or billet, such apparatus compris 
ing the combination of a plurality of blowpipe 
nozzles disposed side by side in a row, each of 
said nozzles being constructed and arranged 
to deliver both a low-velocity voluminous jet of 
oxidizing gas and a separate high-temperature 
heating medium; means, common to all of said 
nozzles, for simultaneously setting. Said nozzles 
at a selected oblique angle to the plane of said 
surface, whereby such oxidizing jets and such 
heating media are adapted to be concurrently 
applied obliquely against and lengthwise of said 
surface; means, common to all of said nozzles, 
for simultaneously moving said nozzles as a unit 
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toward and away from said surface comprising 
members constructed and arranged to permit said 
nozzles to move freely a limited distance toward 
and away from said surface responsively to irre 

- gularities of said surface without changing such 
oblique angle position of said nozzles, and means 
cooperating with said members to yieldingly re 
sist the free movement of said nozzles toward said 
surface; means, common to all of Said nozzles, 
for simultaneously moving said nozzles as a unit 
transversely of the length of said Surface; and 
mechanism for effecting continuous relative mo 
tion between said body and said nozzles at a uni 
form rate and in a direction longitudinally of 
said surface while maintaining constant, the ob 
lique angle, positions of said nozzles relatively to 
the plane of said surface. 
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