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EXPENDABLE PHASE CHANGE DETECTOR 

DEWCE 
Richard J. Hance, Philadelphia, Pa., assignor to Leeds and 

Northrup Company, Philadelphia, Pa., a corporation of 
Pennsylvania 

Filed June 7, 1963, Ser. No. 286,312 
16 Claims. (CI.73-359) 

This is a continuation-in-part of the parent application, 
Serial No. 238,906, filed November 20, 1962, now 
abandoned. 

This invention relates to a device for obtaining a cool 
ing curve of molten materials and has for an object the 
provision of an expendable phase change detector particu 
larly useful in industrial applications where phase change 
detection can be used as a quality control guide or for 
research purposes. 
The present invention is particularly applicable to ob 

taining a cooling curve of molten metals such as cast iron 
or Steel. For example, in the molding of gray iron cast 
ings, a study of solidification characteristics permits the 
determination of the carbon equivalent value of cast iron. 
The mechanical properties of gray iron depend to a sub 
stantial extent on its carbon equivalent value. Whether 
the iron solidifies gray as desired or as white iron will de 
pend upon the carbon equivalent value. One method of 
determining the composition and hardness of iron is by 
chemical analysis as described in the article entitled, 
"Rapid Control Test for Carbon Equivalent,” by D. E. 
Krause in the May 1962 issue of “Foundry.” This article 
points out the deficiency in the chemical analysis results 
and describes a carbon equivalent test based on the meas 
urement of thermal arrests or phase change temperatures 
as a sample of molten cast iron freezes outside of the 
melting furnace. The phase change temperatures cor 
respond to initial separation of austenite from the melt 
liquid (liquidius) and final solidification of the remaining 
liquid of eutectic composition (solidus). Such tests were 
performed by using sand core molds each comprising a 
pair of half-sections with separate thermocouples which 
required assembly by the user and clamping of the molds 
during use. Such sand molds are of relatively compli 
cated construction and include a substantially U-shaped 
chamber with an upper reservoir acting as an overfiow 
cavity that permits the first metal poured into the mold 
to be used for preheating the thermocouple and sand from 
which the mold is constructed. 

While the aforementioned sand molds have produced 
satisfactory results, nevertheless they have left something 
to be desired. The production of sand molds is time 
consuming and requires a certain amount of labor and 
care when inserting the separate thermocouple assembly. 
Additionally, particular care must be taken to insure con 
nection of the thermocouple wires with the correct polar 
ity. The present invention avoids the foregoing dif. 
ficulties by providing a factory made expendable unit 
including as integral parts thereof a thermocouple with 
a reservoir or well structure adapted to be supported 
with the open end of the well structure disposed upwardly 
for receiving and retaining a molten material therein. 
The unit is of relatively low cost and is constructed as 
a completely assembled unit ready to be plugged in for 
use in a temperature measuring circuit. 

In accordance with one aspect of the invention, there 
is provided an expendable phase change detector device 
for obtaining a cooling curve of molten material outside 
of the melting furnace comprising a body member adapted 
for vertical disposition and a temperature sensing means 
supported by the body member. The temperature sens 
ing means extends from one end of the body member a 
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predetermined distance and has electrical conductors ex 
tending through at least part of the body member toward 
the opposite end thereof and forming plug-in contact 
structure accessible from the opposite end of the body 
member. Tubular wall structure having an open end 
is carried by the body member and together therewith 
forms an open end liquid-tight well around the tem 
perature Sensing means so that upon vertical disposition 
of the structure the well is adapted to receive and retain 
a quantity of molten material. The tubular wall struc 
ture has a length substantially greater than the predeter 
mined distance which the temperature sensing means ex 
tends beyond the end of the body member which forms 
the bottom of the well. The tubular wall structure and 
body member are comprised of material having the char 
acteristic of retarding the cooling of a sample of molten 
material to be received in the well at a rate that allows 
detection of the thermal arrests in accordance with the 
rate of response of the temperature sensing means. The 
depth of the well is related to the predetermined distance 
the temperature sensing means extends beyond the bot 
tom of the Well so as to maintain the temperature sens 
inng means within the sample of molten material in the 
Well and below any shrinkage cavity formed in the sample 
during cooling. 
Where the body is constructed separately from the tubu 

lar wall structure, the outer surface of the body which is 
adapted to engage the inner surface of the tubular wall 
structure is provided with a taper which tapers from a 
large cross-section to a smaller cross-section, with the 
smaller cross-section being at the end of the body mem 
ber from which the temperature sensing means extends 
to provide a tapered seat for the tubular wall structure. 

For further objects and advantages thereof and for a 
more detailed description of the invention, reference is 
to be had to the following description taken in conjunc 
tion with the accompanying drawings in which: 

FIG. 1 is a perspective view of a test stand and plug-in 
detector embodying the invention; 

FIG. 2 is an exploded sectional view on an enlarged 
scale of a preferred form of well structure and electrical 
connections; and 

FIG. 3 is a sectional view of a modification of the 
plug-in detector. 

Referring to FIG. 1, there is shown an expendable 
phase change detector device 10 supported at its lower 
end in a test stand 11. The test stand includes a base 12 
which has been illustrated as a pipe flange connected by 
a threaded nipple 13 to a conduit box 14. The conduit 
box 14 is provided with a laterally extending conduit 15, 
the outer end of which is provided with a plug type elec 
trical connector 16. The connector 16 has connected 
thereto lead wires 22, 23, FIG. 2, which extend through 
the conduit 15 and upwardly through the conduit box 14 
into the fitting 17 which contains an electrical connector 
element the details of which are shown in FIG. 2. 
As may be seen in FIG. 2, the fitting 17 is provided 

with an insulator 18 retained in the fitting 17 by a pin 19. 
The insulator 18 may be made of any suitable electrical 
insulating material Such for example as ceramic and is 
provided with a pair of spaced contact rings 20 and 21. 
One of the lead wires 22 is connected to ring 20 and the 
other lead wire 23 is connected to ring 21. 
The device 10 as shown in FIG. 2 includes a body mem 

ber 25 of ceramic having an opening therethrough within 
a counterbore-like cavity at 27 of a predetermined depth 
for positioning the temperature sensing means 28. The 
temperature sensing means 28 has been illustrated as a 
thermocouple comprising 22 gauge Chromel-Alumel wires 
28a, 28b having ends twisted together at one end to form 
a heat responsive portion 28c with the free ends inserted 

  



3,267,782 
3. 

in a two hole insulator 29. The insulator tube 29 may be 
made of any suitable material such, for example, as fused 
quartz. The heat responsive portion 28c extends be 
yond the end of the insulator 29 and the wires of the 
thermocouple 28 are sealed within the insulator 29 with 
a refractory cement such as Alundum cement 30. The 
lower end of the insulator tube 29 is seated in the cavity 
27 and is seated in place by Alundum or other suitable 
refractory cement 31. The lower ends of the thermo 
couple wires 28a and 28b extend through the hole in the 
body 25 and into a tubular insulator 32 which is re 
ceived within a counterbore-like cavity 33 at the lower 
end of the body 25. The tubular member 32 is made of 
hard paper or other equivalent electrical insulating mate 
rial and is provided with notches 32a and 32b for re 
ceiving the ends of the respective thermocouple wires 
28a and 28b which are bent back to form electrical con 
tacts. The notches 32a and 32b are axially displaced 
along the length of tube 32 a distance corresponding to 
the spacing of the cooperating contact rings 21 and 20 
on the test stand 11. This construction insures that the 
proper polarity of the thermocouple connections with a 
measuring instrument will be maintained regardless of the 
orientation of the device 10. It is to be understood that 
the rings 20 and 21 and wires 22 and 23 will be made 
out of the same material as the thermocouple wires 28a. 
and 28b. However, as will be understood by those 
skilled in the art, when the thermocouple wires are of 
noble metal, compensating lead wire materials may be 
used. 
The body member 25 has been illustrated with the 

lower end thereof being of larger diameter than the up 
per end so as to provide a tapered seat 25a for receiving 
the lower end of the tubular wall structure 34. The 
tubular wall structure 34 and body 25 cooperate to form 3 
a liquid-tight well around the heat responsive portion 28c 
of temperature sensing means 23. By providing the body 
25 with the aforementioned taper, the cylindrical wall 34 
is pressed onto the body 25 sufficiently tight to provide a 
leak-proof well. The pressed fit of the tube 34 on body 
25 is sufficiently tight to retain the tube in place in a 
manner similar to forming the tube integral with the 
body 25. 
The tube 34 in a presently preferred form of the in 

vention comprises an inner thin walled circular steel 
tube 34a. The outer Surface of the steel tube 34a is 
covered with heat insulating material 34b such, for ex 
ample, as ceramic impregnated asbestos tape. 

In one embodiment of the invention, the steel tube 
34a had an internal diameter of about 1% inches, a wall : 
thickness of .012 inch and was covered with a double 
layer of ceramic saturated asbestos tape approximately 
0.1 inch thick spirally wound thereon. The metal tube 
was first coated with ceramic cement. 
The length of the tube 34 is related to the distance 

which the heat responsive portion 28c extends beyond 
the end face of the body member 25 so as to produce a 
depth of well for receiving the sample of molten metal or 
other molten material which will maintain the tempera 
ture responsive portion 28c within the sample and below 
any shrinkage cavity formed by the sample during cool 
ing thereof. In an embodiment particularly suited for 
obtaining the cooling curve of cast iron, a 4-inch tube 
was pressed onto a body 25 in a manner providing ap 
proximately a 3% inch deep reservoir for the molten 
metal surrounding the heat sensitive portion 28c. The 
inside diameter of the metal tube 34a was approximately 
1.62 inches and the temperature responsive portion 2Sc 
was positioned about 2/8 inch below the open end of 
the well. Thus, it will be seen that the well structure 
is relatively small having a cubical content of the order 
of less than about ten cubic inches and that the tempera 
ture responsive portion projects a substantial distance 
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third of the distance between the bottom and top of the 
well. 

While the embodiment illustrated in FIG. 2 shows a 
device having a separable tube 34, it is to be understood 
that the tube 34 may be formed integral with the body 
member 25 with both the body 25 and tube 34 being of 
ceramic or equivalent material. A thin metal liner 34a 
may be inserted within the outer ceramic tube. It is 
further to be understood that the separable tube 34 of 
FIG. 2 may either be assembled at the point of manu 
facture or at the point of use as desired. 

Referring to FIG. 3 there is shown a modification of 
the expendable phase change detector device. The de 
tector device 10a shown in FIG. 3 is a cup-shaped struc 
ture formed into a monolithic mass of sand and a resin 
binder. The cup-shaped structure 40 includes a bottom 
40a and a side wall 40b which cooperate to provide well 
structure for receiving the molten material. The outer 
surface of the bottom 49a is provided with an extension 
40c which is adapted to support the electrical contacts 
for the thermocouple. It has been found that the wall 
portions 49a, 40b and 40c of the well structure 40 may 
be relatively thin and still provide adequate strength for 
receiving the molten metal mass. In view of this, the 
well structure 40 may be produced by shell molding. In 
shell molding a thin shell mold is produced by covering 
a hot metal pattern or die with a mixture of sand and a 
resin binder. The resin binder is heat setting such as a 
phenol-formaldehyde resin binder. The thin shell mold 
may be produced in various ways, one of which is by 
blowing the sand and resin into the die cavity and the 
thin mold so formed is then capable of being hardened 
completely by heating for approximately three minutes 
at 300° C. After baking, the thin sand shell is then 
lifted from the pattern or die. While the well structure 
40 is formed of sand, nevertheless, it is a self-supporting 
structure and does not need additional Supports or clamps 
for the walls while receiving the molten metal. This is 
an advantage of the shell molding process over the ordi 
nary core, sand molding technique which when combined 
with other features of applicant's invention provides a 
low cost plug-in expendable unit. For further reference 
as to the shell molding process, reference may be had to 
the publication "Tool and Manufacturing Engineering,” 
volume 46, January 1961, and the references listed on 
page 116. 
The temperature sensing means 28 shown in FIG. 3 is 

essentially the same as that shown in FIG. 2. It has 
been illustrated as a thermocouple comprising Chromel 
Alumel wires 28a, 28b having ends twisted together at 
one end to form a heat responsive portion 28c with the 
free ends inserted in the two-hole insulator 29. The heat 
responsive portion 28c extends beyond the end of the 
insulator 29 and the wires of the thermocouple 28 are 
sealed within the insulator 29 with a refractory cement 
30. The lower end of the insulator tube 29 extends into 
the bottom 4.0a of the well structure 40 and preferably 
is sealed in place by Alundum or other suitable refrac 
tory cement 31. The lower end of the thermocouple 
wires 28a and 28b extend through the bottom 4.0a and 
into the tubular portion 46c. Tubular portion 40c is 
provided with notches on opposite sides for receiving 
the ends of the respective thermocouple wires 28a and 
28b which are bent back to form electrical contacts. The 

5 electrical contacts are adapted to engage the respective 
contact rings 21 and 20 on the test stand 11, the upper 
end of which is shown in cross-section in FIG. 2. 
By molding the bottom 49a integral with the side wall 

40b, there is avoided the possibility of any leakage be 
tween the two. Additionally, by molding the contact 
Support 40c integral with the bottom 40 at the number of 
assembly steps have been minimized. The weight of 
the device it a shown in FIG. 3 is relatively small and 
this is an advantage from a shipping standpoint. It has 

above the bottom of the Well, i.e., approximately one- 75 been found that an unsupported monolithic wall of sand 
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and resin binder having a thickness in the order of 0.1 
inch is adequate to support the molten material as it is 
poured into the well structure and additionally for a 
time interval long enough for an outer metal shell to 
form before the mold begins to disintegrate. 

It is to be understood that the invention is not limited 
to the forms which have been described and illustrated 
herein and that other forms thereof may be constructed 
within the scope of the appended claims. 
What is claimed is: 
1. An expendable phase change detector device adapted 

for vertical disposition for use in obtaining a cooling 
curve of molten material outside of the melting furnace 
comprising a body member, temperature sensing means 
supported by said body member and extending from one 
end of said body member a predetermined distance, said 
temperature sensing means having electrical conductors 
extending through at least part of said body member 
toward the opposite end thereof and forming plug-in 
electrical contact structure accessible from said opposite 
end of said body member, tubular wall structure carried 
by said body member at said one end thereof and to 
gether therewith forming an open end liquid-tight well 
around said temperature sensing means so that upon 
vertical disposition of the device said open end of said 
well is adapted to receive and said well retain a quantity 
of molten material, said tubular wall structure having 
a length substantially greater than said predetermined 
distance which said temperature sensing means extends 
beyond said one end of said body member which forms 
the bottom of said well, said tubular wall structure and 
body member being comprised of material having the 
characteristic of retarding the cooling of a sample of 
the molten material to be received in said well, the depth 
of said well being related to said predetermined distance 
said temperature sensing means extend beyond said bot 
tom of said well so as to maintain said temperature 
sensing means within the sample of molten material in 
said well and below any shrinkage cavity formed in the 
sample during cooling. 

2. An expendable phase change detector device for use 
in obtaining a cooling curve of molten material accord 
ing to claim wherein said body member is formed in 
tegral with said tubular wall structure. 

3. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material 
according to claim 1 wherein said body member is 
formed integral with said tubular wall structure into a 
self-supporting structure from a mixture of sand and 
a heat setting resin. 

4. An expendable phase change detector device for 
use in obtaining the cooling curve of molten material 
according to claim 1 wherein said temperature sensing 
means comprises a thermocouple, the heat-receiving junc 
tion of which is disposed along the axis of said body 
member. 

5. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material ac 
cording to claim wherein said body member and said 
tubular wall structure are each comprised of ceramic 
material. 

6. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material ac 
cording to claim 5 wherein said tubular wall structure 
of ceramic material is provided with a thin metal liner. 

7. An expendable phase change detector device adapted 
for vertical disposition for use in obtaining a cooling 
curve of molten material outside of the melting furnace 
comprising a body member, temperature Sensing means 
supported by said body member and having a heat respon 
sive portion extending beyond one end of said body 
member a predetermined distance, said temperature sens 
ing means having electrical conductors extending through 
said body member toward the opposite end thereof and 
forming electrical contact structure accessible from said 
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6 
opposite end of said body member, tubular wall structure 
carried by said body member at said one end thereof 
and together therewith forming an open end liquid-tight 
well around said temperature sensing means so that upon 
vertical disposition of the device said open end of said 
well is adapted to receive and said well retain a quantity 
of molten material, said tubular wall structure having 
a length. Substantially greater than said predetermined 
distance which said heat responsive portion of said tem 
perature sensing means extends beyond said one end of 
said body member which forms the bottom of said well, 
Said predetermined distance being approximately one 
third the distance between the bottom and open end top 
of said well so as to locate said heat responsive portion 
of said temperature sensing means a substantial distance 
from the bottom of said well, said tubular wall structure 
comprising a thin metal liner, the outer surface of which 
is covered with material having the characteristic of re 
tarding the cooling of a sample of the molten material 
to be received in said well structure, the depth of said 
well structure being related to said predetermined dis 
tance said temperature sensing means extends beyond 
said bottom of said well so as to maintain said tempera 
ture sensing means within the sample of molten material 
in said well and below any shrinkage cavity formed in 
the sample during cooling. 

8. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material out 
side of the melting furnace comprising a body member, 
temperature sensing means protruding from a face of 
Said body member with the heat-responsive portion there 
of disposed in spaced relation to said face, electrical con 
ductors in electrical connection with said temperature 
Sensing means passing through at least a portion of said 
body member and terminating in electrical contact por 
tion, and said body member having wall structure, ad 
jacent Said face which tapers gradually from a large cross 
Section to a smaller cross-section with the smaller cross 
section being at the end of said body member nearest 
said face from which said temperature sensing means 
protruides to provide a tapered seat, and an open-ended 
tube seated on said tapered seat in liquid-tight engagement 
to provide a receptacle for the molten material. 

9. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material out 
side of the melting furnace comprising well structure 
adapted for vertical disposition to hold a sample of molten 
material and having a relatively small cubical content of 
the order of less than about ten cubic inches with the wall 
structure of said well structure including material tend 
ing to retard cooling of a sample of molten material to 
be received in said well structure, heat sensing means sup 
ported substantially axially of said well structure at a 
point below any shrinkage cavity formed in the sample 
during cooling thereof, said wall structure tending to 
retard cooling at a rate that allows detection of the thermal 
arrests with said associated heat sensing means having 
a predetermined speed of response, and an electrical con 
tact Supporting member rigidly supported by the wall 
structure of said well structure with electrical conductors 
connected to said heat sensing means secured to said con 
tact Supporting member in a manner to form plug-in elec 
trical contact means for connecting said device to a meas 
uring circuit. 

10. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material out 
side of the melting furnace comprising well structure of 
material and shape which retards the rate of cooling of 
a molten material poured therein, temperature sensing 
means supported from a wall of said well structure and 
extending a predetermined distance therefrom for disposi 
tion of a heat-responsive portion thereof substantially 
on the longitudinal axis of said well structure and spaced 
from the walls thereof, said well structure tending to 
retard cooling at a rate that allows detection of the 
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thermal arrests in accordance with the rate of response 
of the temperature sensing means, said temperature sens 
ing means having electrical conductors extending through 
said wall of said well and terminating in plug-in elec 
trical contact structure accessible exteriorly of said well 
and carried thereby, and said well structure having a 
length such that said heat-responsive portion of said tem 
perature sensing means is always completely surrounded 
by the molten material placed in said well and below 
any shrinkage cavity formed in said material upon cool 
1ng. 

1. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material ac 
cording to claim 50 wherein said material from which 
Said well structure is formed comprises a mixture of sand 
and a binder. 

2. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material ac 
cording to claim 11 wherein said binder comprises a 
phenol-formaldehyde resin. 

3. An expendable phase change detector device for 
uSe in obtaining a cooling curve of molten material ac 
cording to claim 19 wherein said well structure com 
prises a monolithic thin Sand shell formed from a mixture 
of Sand and a phenol-formaldehyde resin binder. 

14. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material ac 
cording to claim 6 including a stand for supporting said 
device with the well structure thereof in vertical position, 
Said Stand comprising a base having conduit means sup 
ported thereby in substantially vertical position, elec 
trical contact structure disposed at the upper end of said 
conduit and adapted to cooperate with said plug-in con 
tact Structure of said device while supporting said de 
vice in Substantially vertical position, and selectrical con 
ductors connected to the contacts of said stand, said elec 
trical conductors of said stand extending downwardly 
through said conduit and being accessible from said 
stand for connection to a measuring circuit. 

15. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material out 
side of the melting furnace comprising well structure 
adapted for vertical disposition and having an open end at 
the top thereof to permit said well structure to receive 
and retain a molten material placed therein, temperature 
Sensing means Supported from the bottom of said well 
Structure and extending a predetermined distance upward 
ly therefrom for disposition of a heat-responsive portion 
thereof Substantially on the longitudinal axis of said well 
Structure a Substantial distance from the bottom of said 
well structure and spaced from the walls thereof, said 
Well Structure comprising a monolithic mass of sand and 
a resin binder and tending to retard cooling at a rate 
that allows detection of the thermal arrests in accordance 
With the rate of response of the temperature sensing 
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means, said temperature sensing means having electrical 
conductors extending through said bottom of said well 
and terminating in plug-in electrical contact structure, and 
said temperature sensing means having a length such that 
Said heat-responsive portion of said temperature sensing 
means is always completely surrounded by material placed 
in Said well and below any shrinkage cavity formed in 
Said material upon cooling. 

5. An expendable phase change detector device for 
use in obtaining a cooling curve of molten material out 
side of the melting furnace comprising well structure 
having a volume of the order of ten cubic inches or less 
and adapted for vertical disposition to hold a sample 
of a molten material placed therein, temperature sensing 
means extending through a wall of the well structure 
for disposition of a heat responsive portion of said tem 
perature Sensing means within said well structure and 
spaced from the walls thereof, said well structure com 
prising a monolithic mass of non-metallic material molded 
into shape, open at one end, and free of seams, said ma 
terial of said well structure tending to retard cooling 
of the molten material at a rate that allows detection of 
the thermal arrests of the molten material in accordance 
With the rate of response of the temperature sensing 
means, Said temperature sensing means having electrical 
conductors extending through the wall of said well struc 
ture and having a length Such that said heat responsive 
portion of said temperature Sensing means is always com 
pletely surrounded by the material placed in said well 
Structure and below any shrinkage cavity formed in said 
material upon cooling. 
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