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Cains. 

Our invention relates to that method of casting 
pipes in which the molten metal is progressively 
delivered to a rotating mold through a relatively 
retractable runner so that the metal is delivered 

, to the mold in helical coils with over-lapping 
edges which fuse together to form a continuous 
casting and, more especially, our invention is 
adapted for use with externally cooled metal 
molds although it can be usefully applied in 
connection with other kinds of pipe molds. The 
object of our invention is to provide a practical 
and efficient method and apparatus whereby a 
thin coating of a powdered coating material can 
be progressively applied to the inner surface of 
the mold in Over-lapping helical coils in imme 
diate advance of the contact of the molten metal 
With the mold and in such manner as to build up 
a coating of the powdered material of substan 
tially uniform thickness and remarkable efficiency 
in the production of a casting having uniform and 
desirable qualities. 
We are aware that it has heretofore been pro 

posed to apply a coating to the inner surface of 
metal molds used in casting pipe but, so far as 
we are aware, no method heretofore proposed, 
used, or experimented with, has been effective in 
use to bring about a coating of the mold with a 
loose, dry, powdered material which will main 
tain its coherence and continuity as a coating dur 
ing the casting Operation and result in the pro 
duction of a Casting of uniform and desirable 
Structure. Our studies and experiments in de 
veloping our invention have developed that the 
failure of methods heretofore proposed is due to 
many CallSeS, among Which may be mentioned the 
difficulty met with in effecting an even distribu 
tion of the coating material over the surface of 
the mold. Again, we have found that a coating 
of dry, powdered material is liable to become 
fractured or displaced in parts so as to leave bare, 
uncovered Spots of mold surface if the coating 
is left too long in contact with the mold surface 
before it is covered by the molten iron and this 
is the more liable to occur as the thickness of the 

5 coating is increased. Again, we have found that 
the impact of the metal with the coated surface 
of the mold has a tendency to fracture the coat 
ing, pushing portions of the coating over the mold 
Surface SO as to leave unprotected areas which 
bring about areas of chill in the casting and also 
bring about very undesirable roughening of the 
Outer surface of the casting and we have found 
that this liability to displacement of the coating 
material notably increases with increase in the 
thickness of the coating layer. 

13 

50 

(C. 22-200) 
Broadly speaking, our invention has for its lead 

ing feature the progressive building up of a coat 
ing of powdered material upon the inside of the 
mold and in immediate advance of the contact 
of the molten metal with the coated surface of 6C 
the mold by means of a jet of carrier gas Carrying 
distributed particles of a powdered coating ma 
terial and progressively directed toward those 
portions of the mold which are to be shortly there 
after contacted by the molten metal. The energy 65 
of the jet of carrier gas should be such as to in 
part Sufficient velocity to the particles of coating 
material to carry them into contact with the sur 
face of the mold without the jet of gas itself hav 
ing such velocity as to impinge on the mold sur- 0 
face with any substantial velocity and the pow 
dered Coating material should be fed to the gas 
jet at a uniform rate of speed so as to result in 
the production of a coating layer of a substan 
tially uniform thickness and we have found that 75 
a coating produced in this way has certain distin 
guishing and valuable qualities in that the coat 
ing has good resistance to disruptive forces, can 
be applied to the mold with great uniformity even 
when the coating is verythin and has, even when 80 
the coating is very thin indeed, an effect in pre 
venting the formation of chilled areas in the 
casting which would seem to be explainable only 
On the assumption that the particles of coating 
material impelled by the carrier gas against the 85 
mold are surrounded by an adsorbed film of the 
gas, which films, for an appreciable time after 
the coating is deposited, form an effective part 
of the coating and perform an important function 
in bringing about the absence of chill and a de- 90 
sirable structure in the casting. 
Another important feature of our invention has 

to do with the interval of time which may be per 
mitted to elapse between the time when the coat 
ing is applied to the mold and the time when the 95 
so applied coating is contacted by the molten 
metal issuing from the Spout of the runner and as 
to this the maximum time during which the 
coating should be permitted to remain uncovered 
by the melted metal should not exceed six seconds 100 
and, for the best results, should be as short as 
possible. By preference, we direct the jet of 
carrier gas So that it will deposit its particles of 
coating material upon that portion of the mold 
which, at the time of deposit, lies immediately 105 
above and close to that portion of the mold upon 
which the molten metal is being poured so that 
the coating is contacted by the molten metal 
almost instantly. It must be understood that the 
jet of carrier gas must be so directed as to de-ll0 
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2 
posit its particles of coating material upon the 
uncovered mold surface without bringing any 
appreciable amount of the coating material into 
direct contact with the metal issuing from the 
spott of the runner or with the molten metal 
which has already been deposited in the mold and 
that, with due observance of this condition, the 
closer the coating is applied to the metal issuing 
from the runner and to the previously poured coil 
of metal, the better, and we strongly recommend 
that the gas jet should be directed with these 
conditions in view, against the upper surface of 
the noid. Reasons which influence usin directing 
and recommending the progressive direction of 
the gas jet against those portions of the mold 
which are to be contacted by the metal issuing 
from the runner in a very brief interval of time, 
are, that we have found that the longer the coat 
ing remains on the Surface of the mold before it 
is contacted by the metal, the more liability there 
is for portions of the coating material to slip Or 
become displaced, leaving uncovered areas, the 
existence of which brings about undesirable quali 
ties in the casting and, besides this, our experience 
with the process has convinced us that the longer 
the interval intervening between the laying of 
the coating and its contact with the melted metal, 
the less efficient is the coating even when its Con 
tinuity is not impaired and this we believe to be 
explainable only on the assumption that the ad 
sorbed films of gas adhering to the particles of 
coating material when they are deposited upon 
the surface of the mold form an important but 
short-lived element of the coating layer. 
Another and important feature of our invention 

has to do with the thickness of the coating layer 
which will bring about the best results. This is 
determined by the amount of coating material 
fed to and delivered by the carrier gas jet during 
the casting of the pipe and as there is a draft of 
air through the mold during the casting operation 
which undoubtedly carries away a part of the 
powdered coating material delivered to the mold 
by the gas jet, it is impossible to state definitely 
what the actual thickness of the coating effected 
by any specific rate of feed is. We have found, 
however, that with all the coating materials with 
which we have worked or experimented it is dis 
tinctly detrimental to the efficiency of the coat 
ing produced to feed to the mold, during the 
casting process, powdered coating material in 
greater quantity than would, if it all remained in 
contact with the mold, form a coating of a thick 
ness exceeding .001 of an inch and we have 
found that in all cases the powdered coating 
material should not be fed to the mold in greater 
quantity than that minimum quantity less than 
the amount which would produce a coating of 
001 of an inch in thickness which will result in 
the production of a casting without areas of chill. 
This will vary somewhat with different powdered 
coating materials but can be readily ascertained 
and, when once ascertained, can be applied with 
uniformity and assurance as to good results. 
Working with powdered ferro-silicon which will 
pass a sieve of thirty meshes to the inch, we have 
found that the feed of erro-silicon to the gas jet 
should, or the best results, be in such amount as 
would produce, if all the coating material re." 
rained in position in the mold, a coating OS 89 
proximately .0003 of an inci is a thickness. 
Working with other coating materials. We have 

found that the feed will vary. Thus, with kaolin, 
we have found that the feed should be at a late 
viaich would produce a coating, it it all remained 

1,949,438 
in contact with the nod, of .0009 of an inch; 
With talc, the feed should be at the rate of .0009 
of an inch; with magnetite, the feed should be at 
the rate of .0005 of an inch; with ferro-man 
ganese, the feed should be at the rate of .0007 of 
an inch; with zirconium manganese silicon, the 
feed should be at the rate of .0003 of an inch; 
with mica, the feed should be at the rate of .0008 
of an inch; and With Seacoal, the feed should be 
at the rate of .001 of an inch. It will be under 
stood from what we have said above that coating 
materials such as ferro silicon, which will form 
an efficient coating of minimum thickness, are de 
cidedly the best materials for use and that coating 
materials which require to be fed in larger quan 
tity than would produce a coating of .001 of an 

SO 

85 

90 

inch are distinctly inferior for use in our process. 
Aside from the fact that the thicker the coating 
deposited upon the mold the more liable it is to 
fracture and loSS in continuity, it would seem 
clear from Our work with this process that the 
thinner coatings result in the production of cast 
ings of the most desirable structure. 
In the casting of bell ended pipe in which the 

mold is formed with a bell into which is inserted 
a core, it is not, of course, practicable to lay down 
upon the bell portion of the mold such a uniform 
coating as can, by Our process, be applied to the 
cylindrical portion of the mold. In view of the 
fact that the casting is heavier in the bell portion, 
it is not so important that the bell should be coated 
as it is with regard to the cylindrical portion of 
the mold but by directing the gas jet with dis 
tributed particles of coating material into the 
portion of the bell which lies between the end of 
the core and the beginning of the cylindrical 
portion of the mold for a short interval before 
the pouring of the metal begins, we have found 
it practicable to bring about at least a reasonably 
satisfactory coating of the bell portion of the 
mold. 
Our invention further relates to the provision 

of a suitable and efficient apparatus for carrying 
into effect the improved process which we have 
described above and Our improved apparatus is, 
in its general construction, the same as that com 
monly used in the casting of pipes by the method 
in which the molten metal is fed to a rotating 
mold through a relatively retractable runner, the 
runner in the standard construction being sta 
tionary and the rotating mold supported on a 
longitudinally movable carriage and, generally 
speaking, our invention consists in supporting 
upon the runner a pipe or conduit suitable for the 
conveyance of a carrier gas and having at its end . 
adjacent to the free end of the runner, a nozzle 
adapted to deliver a jet of the carrier gas, of suit 
able form and dimensions, toward such portions 
of the inner surface of the mold as should, at the 
time, have a coating applied to them. This in- . 
volves that the gas nozzle should occupy a fixed 
position with reference to the delivery spout of 
the runner and, for the best results, the nozzle 
should be so located and directed that the jet 
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issuing from it should be directed at that portion . . . 
of the mold which lies immediately above the 
portion upon which, at the time, metal is being 
delivered from the spout of the runner and, again, 
the relative locations of the spout of the runner 
and of the carrier gas nozzle should 38 such that 
when the runner is fully inserted in the mold so 
that the righner spotat, registers. With the end of 
the bei, at least, g, gorica of the let issuing from . 
the gas aczzie should also register with the end of 
he feel is the groid. OS invention also involves a 
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1,949,433 
the provision, at the end of the gas conduit oppo 
Site to that to which the nozzle is applied, of 
means for injecting a jet of the carrier gas into 
the conduit and of feeding into this jet a regul 
lated quantity of the powdered coating material. 
The above and other features of our improved 

apparatus will be best understood as described in 
connection with the drawings which illustrate a 
pipe casting machine provided with our improve 
ments in what we believe to be their best for 
and in which 

Figure 1 is a side elevation of a pipe casting 
machine provided with our improvements, with 
the mold and surrounding water chamber shown 
in vertical longitudinal section and with the Sup 
porting frame and tracks upon which the mold 
carriage moves, broken away at the left hand end 
of the view and somewhat diagrammatically indi 
cated, as is also the case with the details of con 
struction of those parts of the apparatus which 
in themselves form no part of our invention and 
are of well known and familiar construction. 

Figure 2 is a plan view of the delivery end of 
the runner through which molten metal is deliv 
ered to the mold, showing the carrier gas conduit 
and nozzle which are supported upon the runner. 
One side of the mold is shown in section and the 
position of impact with the mold of the metal 
issuing from the spout of the runner with referr 
ence to the edge of the previously deposited heli 
cal coil of metal, is also roughly indicated. It will 
be understood that the position of the runner and 
parts supported thereon, with reference to the 
mold, is, as shown in this figure, Somewhat re 
tracted from the position shown in Fig. 1. 

Figure 3 is a side elevation of the parts of the 
runner and carrier gas conduit with their Spout 
and nozzle as shown in Fig. 2. 

Figure 4 is an elevation of the delivery nozzle 
and the carrier gas conduit shown, for the most 
part, on the section line 4-4 of Fig. 2, and show 
ing the union of the nozzle with the conduit pipe. 

Figure 5 is a cross Sectional view on the line 
5-5 of Fig. 2, with the surrounding portion of the 
mold also shown in section and the areas of con 
tact with the mold of the metal issuing from the 
spout of the runner and the dust issuing from the 
nozzle of the gas conduit also indicated. 

Figure 6 is a perspective view showing that por 
tion of the mold upon which the molten metal 
and the coating of pulverized material are being 
simultaneously deposited. 

Figure 7 is a plan view of the end of the run 
ner and the parts supported thereon, shown in 
connection, with one side of the mold shown in 
horizontal, central Section and provided with the 
core which is inserted in the bell end of the mold. 
This is a Scale drawing of the illustrated parts in 
the proportions in which they exist in an appa 
ratus adapted for the casting of a six inch pipe, 
involving the use of a mold having the proportion 
of a cylindrical portion of 7 inches internal diam 
eter, the parts being shown in the relative posi 
tions they occupy at the beginning of the cast 
ing operation, 

Fig. 8 is a vertical Section taken on the line 8-8 
of Fig. 1, sillowing the mechanism provided for 
feeding. the pulverized coating material to the 
carrier gas conduit. 

Figure 9 is a cross sectional view of the con 
tainer for the powdered coating material and con 
nected devices, taken on the section line 9-9 of 
Fig. 8, with the mechanism for adjusting the feed 
of powdered material shown in plan. 

Figure 10 is a sectional elevatica of the rear 

3 
portion of the carrier gas conduit and of the 
hopper through which the powdered coating ma 
terial is fed to the conduit. 

Figure 11 is a plan view of the delivery end of 
the runner for molten metal, showing a modifica 
tion in the disposition of the carrier gas nozzle, 
and Figure 12 is a view similar to Fig. 11, With 
the joints between the air conduit and between 
the off-set portion and the gas nozzle shown in 
Section. - 
A indicates the frame Supporting the casting 

machine and its appliances. B indicates a Sup 
porting structure erected on the frame to Sup 
port the ladle Bl, from Which metal is fed to 
the runner. B indicates a hydraulic cylinder 
coupled to actuate the ladle. C indicates the 
runner which is secured to the structure B and is 
of Sual construction, provided at its end with 
a spout C inclined to one side. The runner, as 
we have said, is of usual construction except that 

O 

95 
it has formed along the side toward which the 
Spout C extends, a recessed Seat C2 adapted to 
receive the carrier gas conduit. D indicates the 
Water box carriage through which extends the 
rotatable mold D, d indicating the annular ring 
provided at the Spigot end of the mold and pro 
jecting inwardly to the depth of the projected wall 
thickness of the casting. The carriage, as is usual, 
is Supported on wheels indicated at D, resting 
upon the tracks A on the top of the framing A. 
The framing and tracks are partly cut away in 
Fig. 1, but it will be understood that the construc 
tion is, as usual, such as to permit the longitudinal 
travel of the mold carriage with respect to the 
Stationary runner. D3 indicates a motor sup 
ported on the mold carriage and connected as by 
gearing indicated at d to drive the mold D1. 
Longitudinal motion is given to the mold carriage 
by the hydraulic cylinder D4. The piston, not 
shown, working in the cylinder is coupled through 
its piston rod D5 to the mold carriage. D6 indi 
cates the bell end of the mold and D7, Fig. 7, indi 
cates the core which is inserted in the bell end" 
of the mold before metal is poured into it, D8, 
Fig. 7, indicating the Space intervening between 
the end of the core and the beginning of the cy 
lindrical portion of the mold. 
In all of the above features of general con 

struction, the apparatus is of the familiar type 
of construction used in the method of progressive 
ly casting pipe in a centrifugal mold which, dur 
ing the casting operation, is retracted relatively 
to the stationary runner through which the 
metal is flowing into the mold. 

E indicates a conduit for a carrier gas, such 
as air, which, as shown, is supported on the run 
ner C, preferably as shown, in the recessed por 
tion C. To the end of this gas conduit, which 
lies near the end of the runner, is secured a nozzle 
E which is directed in such manner that it will 
deliver the carrier gas fed to it by the gas con 
duit outwardly toward the side of the mold toward 
which the runner spout C also extends. The es 
Sential constructive features of this nozzle are 
that it will deliver the carrier gas and the pow 
dered coating material which it conveys, in a 
direction which Will deposit the coating material 
on the side of the mold in advance of the contact 
of the metal issuing from the Spout of the runner. 
with the so coated portion of the mold and also 
deliver the powdered coating material upon the 
surface of the mold at a point at a distance, SO 
to speak, in front of the freshly laid coil of still 
fluid metal, these conditions being necessary to 
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4 
terial with the fluid metal already, deposited in 
the mold and that issuing from the Spout of the 
runner. For the best results, the carrier gas 
nozzle should be so located and directed as to 
deliver the coating material upon the Surface of 
the hold in intediate advance of , the contact 
of the melted metal issuing from the runner So 
that the deposited coating will be contacted by 
the metal issuing from the Spout of the runner 
almost immediately after its deposition on the 
noid. While we have experimented with vary 
ing degrees of success with many forms of nozzles, 
We have found the nozzle construction indicated 
in the drawings to be especially Well adapted for . 
our purposes. This nozzle, as shown, is of grad 
ually contracting cross Sectional area, from its 
union with the gas conduit, preferably conical as 
shown at E2, and is provided with three parallel 
rows of holes, as indicated at E3, E4, E5, the aggre 
gate area of the holes being about three times the 
cross sectional area, of the gaS conduit. This 
special construction of the nozzle Was not invented 
by us but is shown simply as the One which We 
have found best adapted for the practice of our 
invention. It is desirable that the nozzle should 
be so located as to lie quite close to that portion 
of the mold to which it is directed. The actual 
distance which will exist between the nozzle and 
the mold when the runner to which the nozzle is 
attached is inserted in the mold is determined, to 
a certain extent, by the radial thickness, so to 
speak, of the ring d. at the spigot end of the mold 
because the nozzle must be SO placed as to paSS 
this ring without contacting with it when the 
runner is withdrawn from the mold. In molds of 
the larger diameters we connect the carrier gas 
conduit to the nozzle by means of an off-set Sec 
tion indicated in Figs. 11 and 12, at E, this off 
set portion being so curved, as indicated, as to 
bring the nozzle to the desired proximity to the 
Side of the mold. The other end of the carrier 
gas conduit is connected with what we may call 
the gun, the union being indicated at E. This 
gun is formed with a cylindrical passage F of 
the same diameter as that of the gas conduit with 
which it communicates and at its outer end a 
nozzle F2 enters the end of this passage, this 
nozzle being, as shown, connected with an air 
hose which in turn is connected with any Source, 
not shown, of compressed air or other available 
gas. Opening into the cylindrical passage F is 
a passage F3, leading from a funnel F which is 
erected to receive a measured feed of pulverized 
coating material from any suitable feeding appa 
ratus. We have indicated the air conduit lead 
ing to the nozzle F2 at F5, F6 indicating a pressure 
gauge connected with this air conduit, and F a. 
regulating valve. 

It is very important for the most successful ap 
plication of our invention that the powdered coat 
ing material should be fed to the gun and through 
the carrier gas conduit to the delivery nozzle with 
great regularity so as to effect the coating of the 
mold with a uniform depth of coating material 
and for this purpose we have found the feeding 
apparatus indicated in the drawings to be espe 
cially well adapted though it is not in itself our 
own invention. This feeding apparatus consists 
of an upright cylinder G in the lower portion of 
which is secured a rotatable disc G, the upper 
Surface of which should be grooved or otherwise 
roughened, as indicated at G, so as to take a 
better hold upon the powdered coating material 
which is charged into the cylinder and rests upon 
this disc. g. indicates packing employed to make 
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a reasonably close joint between the disc and the 
cylinder. The disc is supported on a rotating 
spindle G3 which by any convenient gearing, not 
shown, is driven by a motor, as indicated at G, 
and from the upper Surface of the disc projects a 
Spindle G5 from which extend at different levels 
lateral arms G6 connected by vertical rods G, 
the framing thus formed being intended to facili 
tate the rotation of the charge of powdered coat 
ing naterial with the disc. Through the Wall of 
the cylinder G is formed a slot-like opening G8 
located, as shown, just above the disc. To one 
side edge of this opening G8 is ininged, as indi 
cated at H, a knife blade H which extends across 
the opening with its sharp edge H projecting into 
the cylinder through the opening G8 and to the 
top of this knife blade is secured a fanged exten 
sion H3 which is provided to prevent the escape 
of the powdered coating material Over the upper 
edge of the knife. From the hinged side of the 
knife extends a shaft H', to the upper end of 
which is secured a lever H3 having a forked end 
H6 in which is journalled a Worm which is turned 
by means of a button I and Secured in any de 
sired position by means of a clamping Screw I. 
This worn is in engagement With a sector i and 
it will readily be seen that by turning the Worm 
any desired adjustment of the knife blade can be 
effected. J indicates a cover for the hopper F. 
This cover is provided to protect the hopper from 
the intrusions of undesirable material but it is 
provided with openings to permit the inflow of 
air. A similar cover Ji is indicated for the cyl 
inder G. 

K, Figs, 2 and 5, indicates the stream of molten 
metal issuing from the runner spout C and the 
area of impact of this stream of molten metal 
with the side of the mold is indicated at K in 
Figs. 2, 5, and 6. K?, Fig. 6, indicates the last 
previously poured coil of metal and K, Fig. 2, 
indicates in Section the cast metal in contact 
with the wall of the mold. , FigS. 2 and 5, in 
dicate the lines on which the dust issuing from 
the nozzle travels on its way to contact with 
the side of the mold. Ll indicates the location 
On the side of the mold of the pad of dust di 
rectly applied to it by the nozzle. 
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It will be understood that the parts of our ap 
paratus are shown in Figs. 1 and 7, in the rela 
tive positions they occupy at the beginning of 
the pouring of molten metal to form a bell ended 
cast iron pipe. After the molten metal is fed 
from the lade into the runner and begins to issue 
into the noid from the nozzle of the runner the 
parts remain relatively stationary, except that 
the mold is in full revolution, until Sufficient 
metal has flowed into the mold to fill the space 
between the bell and the core. Where it is de 
sired to at least partially coat the bell end of the 
mold with the powdered coating material, we is 
turn on the jet of carrier gas with its load of 
powdered coating material so that the powder 
will be delivered into the open end of the bell 
slightly in advance of the flow of metal from the 
spout of the runner. This is made practicable by 
having at least a portion of the carrier gas jet 
so located as to deliver the powder into the open 
end of the bell at the same time that the nozzle 
of the runner registers with the open end of the 
bell. After the bell end of the casting is poured, 
the mold is retracted with the result that the 
metal issuing from the nozzle of the runner is 
deposited on the cylindrical portion of the ro 
tating mold in helical coils which fuse together 
at their contacting edges to form a continuous 
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casting. At the same time that the metal is be 
ing delivered to the retracting mold a jet of air 
is delivered through the nozzle F2 into the tubul 
lar portion F of the gun F and at the same time 
the feeding apparatus delivers a nicely regulat 
ed feed of powdered coating material into the 
funnel F and through it into the tubular por 
tion of the gun so that it is carried through the 
carrier gas conduit with the air and into the 
nozzle El from which it issues together with 
the carrier gas and by the kinetic energy impart 
ed to the particles of coating material in its 
paSSage through the conduit E, these particles 
are impelled into contact with the side of the 
mold where they form a layer or coating, the 
depth of which depends, of course, upon the 
quantity of powdered material fed to the car 
rier gas and the percentage of this powdered ma 
terial which actually remains in contact with 
the sides of the mold. This coating layer will 
be deposited upon the mold in helical coils as is 
the case with the metal issuing from the runner 
and the breadth of the coils and the pitch of 
the helix will be such that the coils of coating 
material Will somewhat Overlap, thus insuring 
that, the entire surface of the mold is coated. 
The location of the dust nozzle E with reference 
to the metal delivery nozzle Cl must be such 
that it will direct the powdered coating material 
issuing from it toward that portion of the mold 
which is not contacted at the time that powder 
is deposited by the stream of metal issuing from 
the runner or by the previously poured helical 
coil of molten metal and With this requirement 
in view, the closer the point of application of 
the coating material to 'the mold to the point 
of impact upon the mold of the molten metal 
issuing from the runner, the better. We have 
indicated in the drawings the point of deposit 
of the coating material as in the upper quadrant 
of the mold immediately above that lower quad 
lant upon which the metal from the runner is 
deposited so that the coated surface of the mold 
is contacted by the metal issuing from the spout 
of the runner by the rotative movement of the 
mold through less than 90 or, in view of the speed 
with which the mold is rotated, almost instantly 
after its deposit upon the mold and it will be 
seen that the application of the pad of coating 
material at the point indicated is greatly facili 
tated by the construction shown in the drawings 
in which the carrier gas conduit and nozzle are 
supported on that upper side of the runner which 
lies to the same side of the runner as that from 
which the spout C extends. It will also be seen 
that by providing the runner with a recessed 
seat, such as indicated at C, and locating the 
carrier gas conduit in this recessed portion of 
the runner, this part of the apparatus is greatly 

: compacted, which is desirable in all constructions 
and important in the construction of apparatus 
for the manufacture of small diameter pipes. 

While, obviously, our invention can be availed 
of in modified forms of the apparatus shown 
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and described, we would point out that the loca 
tion of the gas nozzle on the upper side of the, 
runner and its direction toward the upper side 
of the mold, are highly preferable features, both 
from the point of view of compactness in the 
structure of the apparatus and because this lo 
cation of the nozzle enables the carrier gas and 
the dust to be most conveniently directed so as 
to deposit the coating on the upper side of the 
mold and as close as practicable to the point of 

S 
contact of the metal issuing from the spout of the 
runner. 
Having now described our invention, what we 

claim as new and desire to Secure by Letters 
Patent, is: 

1. In the casting of pipes from molten metal 
in externally cooled centrifugal metal molds hav 
ing a cylindrical section, the method steps which 
consist in building up upon the cylindrical por 
tion of the mold a coating of finely divided dry 
Coating material by progressively directing a jet 
of carrier gas charged with finely divided dry 
coating material against Successive portions of 
the surface of the mold to be so coated and then 
centrifugally casting molten metal in the so 
Coated mold to form a pipe. 

2. In the casting of pipes from molten metal 
in externally cooled centrifugal metal molds hav 
ing a cylindrical section, the method steps which 
consist in Setting the mold in rotation, then build 
ing up upon the cylindrical portion of the ro 
tating mold a coating of finely divided dry, coat 
ing material by directing against Said cylindrical 
portion of the rotating mold a jet of carrier 
gas charged with particles of finely divided dry 
coating material and then pouring molten metal 
into the So coated cylindrical portion of the ro 
tating mold to form the cylindrical portion of . 
the pipe. 

3. In the method of casting pipes in which 
the molten metal is progressively delivered to 
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10. 

an externally cooled rotating metal mold having . 
a cylindrical section through a relatively retract 
ing runner in such manner that the metal is 
delivered to the cylindrical portion of the sur 

... face of the rotating mold in the form of a helix, 
the method steps which consist in setting the 
mold in rotation prior to the delivery of molten 
metal thereto, progressively building up upon the 
cylindrical surface of the rotating mold a coat 
ing of finely divided dry coating material made 
up of a helical band, so applied to the Surface 
of the mold that adjacent coils of the helix will 
overlap, by directing first against the end of 
the cylindrical portion of the mold a jet of a 
carrier gas charged with finely divided dry coat 
ing material and then progressively relatively 
retracting said charged jet throughout the length 
of the cylindrical portion of the rotating mold 
at a rate of speed Substantially equal to that 
at which the runner delivering molten metal to 
the mold is relatively retracted and during the 
progressive application of the coating to the ro 
tating mold progressively feeding molten metal 
to the cylindrical portion of the mold through 
the relatively retracting runner in such manner 
that the progressively coated portions of the mold 
are contacted by molten metal shortly after the 
deposit of the coating thereupon. 

4. In the method of claim 3, the further step 
which consists in so coordinating the progressive 
deposit of the coating upon the mold and the 
progressive deposit of molten metal upon the 
coated surface that freshly coated areas of the 
rotating mold Surface will be contacted by the 
molten metal within six seconds of the time that 
the coating is applied thereto. 

5. In the method of claim 3, the further step 
which consists in so coordinating the progressive 
deppsit of the coating upon the mold and the 
progressive deposit of molten metal upon the 
Coated surface that freshly coated areas of the 
rotating mold surface will be contacted by the 
molten metal within the period of time in which 
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the rotating mold is making one complete revo 
ilution. . 

6. In the method of claim 3, the further step 
which consists in so coordinating the progressive 
deposit of the coating upon the mold and the 
OrogreSSive deposit of molten metal upon the 
coated surface that the coating will be applied 
to areas of the rotating mold Surface lying above 
the point of impact of the molten metal upon 
the Surface of the mold and to be contacted 
by the molten metal before the mold has con 
pleted one revolution. 

. In the method of claim 3, the further step 
which consists in so regulating the charge of 
dry finely divided coating material with which 
the carrier gas jet is charged that the total 
amount of coating material progressively de 
livered by the carrier gas jet to the inside of 
the cylindrical portion of the mold will not ex 
ceed a quantity which, if evenly and compactly 
distributed over the cylindrical portion of the 
mold, would form a coating of .001''' in thickness. 

8. In the method of claim 3, the further steps 
which consist in so coordinating the progressive 
deposit of the coating upon the mold and the pro 
gressive deposit of molten metal upon the coated 
Surface that freshly coated areas of the rotating 
mold Surface will be contacted by the molten 
neta Within six seconds of the time that the 
coating is applied thereto and in so regulating 
the quantity of finely divided dry coating ma 
terial delivered by the jet of carrier gas that the 
total quantity of such finely divided dry coating 
material delivered by the jet during the progres 
Sive formation of the coating shall not exceed 
that quantity which, if evenly and compactly dis 
tributed over the cylindrical portion of the mold, 
Would form a coating of .001''' in thickness. 

9. In the method of claim 3, the further steps 
which consist in so coordinating the progressive 
deposit of the coating upon the mold and the 
progressive deposit of molten metal upon the 
COated Surface that freshly coated areas of the 
rotating mold Surface will be contacted by the 
molten metal within the period of time in which 
the rotating mold is making one complete revo 
lution and in SO regulating the quantity of finely. 
divided dry coating material delivered by the 
jet of carrier gas that the total quantity of such 
finely divided dry coating material delivered 
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by the et during the progressive formation of 
the coating shall not exceed that quantity which, 
if evenly and compactly distributed over the 
cylindrical portion of the mold, would form a 
coating of .001''' in thickness. 

10. In the casting of pipes from molten metal 
in externally cooled centrifugal metal molds hav 
ing a cylindrical section, the method steps which 
consist in setting the mold in rotation, then, prior 
to the delivery of molten metal to coated portions 
of the rotating mold, building up upon the cylin 
drical portion of the rotating mold a coating of 
finely divided dry coating material permeated 
With adsorbed films of the carrier gas by direct 
ing against said cylindrical portion of the rotat 
ing mold a jet of carrier gas charged with par 
ticles of finely divided dry coating material and 
pouring molten metal into the so coated cylin 
drical portion of the rotating mold before a ma 
terial portion of the entrained gas films are elimi 
nated from the composition of the coating and 
within a period of six seconds after the deposit 
of the coating upon the surface of the mold to 
form the cylindrical portion of the pipe. 

11. In a pipe casting machine comprising a 
rotatable mold and a relatively reciprocable run 
ner adapted to deliver molten metal progressively 
to the rotating mold, the combination thereWith 
of a conduit for a carrier gas Secured to and Sup 
ported by the runner so as to be relatively longi 
tudinally movable with respect to the mold to the 
same extent as is the runner, a delivery nozzle 
for a carrier gas charged with finely divided dry 
coating material supported by and movable with 
the runner and so located with respect to the de 
livery end of the runner and the inner surface 
of the mold as to direct a jet of the carrier gas 
progressively towards those portions of the mold 
which by the rotating movement of the mold and 
the simultaneous relative retraction of the run 
ner are, shortly after the application of the COat 
ing material, contacted by the molten metal is 
suing from the runner, a carrier gas conduit 
connected to the nozzle, means for delivering a 
jet of carrier gas to the outer end of the gas ... 
conduit and means for feeding a pulverized mold 
coating material into the carrier gas conduit. 

NORMAN F. S. RUSSELL. 
FREDERICK. C. LANGENBERG. 
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