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[57] ABSTRACT

A dual measurement ablation sensor for measuring
both char-interface and surface recession at a point in
an ablating material to allow an accurate calculation
of the thickness of the char layer. Char-interface re-
cession is indicated by a drop in the resistance to a
current passed through the ablation material. Surface
recession is indicated by the closing of an electrical
circuit when melting causes the release of a spring
switch.

11 Claims, 1 Drawing Figure
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DUAL MEASUREMENT ABLATION SENSOR
L--

1 ORIGIN OF THE INVENTION

The invention described herein was made by an em-
ployee of the United States Government and may be 5
manufactured and used by or for the Government for
governmental purposes without the payment of any
royalties thereon or therefor.

BACKGROUND OF THE INVENTION 10
This invention relates to an apparatus for measuring

both char-interface and surface recession at a point in
an ablating material. The measurement of both of these
ablator characteristics at the same point enables a more
accurate calculation of the thickness of the char layer. 15
Measurements of the characteristics of ablative-type
thermal protection materials during ablation are neces-
sary for the development and most efficient use of
these ablative materials. Previous methods of obtaining
the char layer thickness during ablation have consisted 20
of obtaining a time history of surface recession at one
point on the ablator and char layer recession at another
point on the ablator. However, uneven burning of the
surface of the heat shield could cause very large errors
in obtaining the char layer thickness in this manner. 25
Moreover, the materials used and the implantation pro-
cess involved in installation of former instrumentation
in the heat shield often created surface unevenness dur-
ing the ablation process.

Therefore, the present invention was conceived to 30

enable measurement to surface and char interface re-
cession at the same point in the heat shield and to use
materials which would melt or ablate along with the ab-
lation material.

35
SUMMARY OF THE INVENTION

In the dual measurement ablation sensor, a small
metal sensor tube containing a wire (attached to a
snap-action switch) and an electrical circuit through
the switch comprises the equipment used to indicate
surface recession. This mechanism is old in the art and
is fully described in U.S. Pat. No. 3,425,268. The sen-
sor tube, inserted to a predetermined depth in the heat
shield, releases the wire allowing switch closure and
electrical circuit-completion, when the point of attach-
ment of the wire melts during ablation. The metal sen-
sor tube also serves as an electrode being wired through
a separate circuit to another electrode comprised of a
metal tube inserted full depth in the ablation material.
Current in the second circuit passes from the full depth
tube through the ablation material to the sensor tube.
Both metal tubes are constructed of a material which
melts at or near the expected ablator surface tempera-
ture. In the case'of the ablation material which is elec-
trically nonconducting the metal tubes are plated with
gold to provide low electrical resistance contact with
the electrically conductive char layer. As the bottom of
the char layer or the char-interface reaches the metal
sensor tube its arrival is indicated by significant de-
crease in electrical resistance. In the case of an ablation
material which is an electrical conductor the sensor
tubes are coated with teflon which provides the electri-
cal insulation from the uncharred ablation material.
During ablation the elevated temperature at the char-
interface sublimes the teflon and allows the sensor tube
to make contact with the char. This decreased resis-
tance is then used to indicate the event. Shortly after

the arrival of the bottom of the char layer or char-
interface at the metal sensor tube, the surface reaches
the sensor tube and the wire holding open the snap-
action switch is released closing the switch, completing
the circuit and indicating surface recession. This time
interval when multiplied by the ablation rate will give
the thickness of the char layer ̂ at the point of measure-
ment by the sensor tube. In the ordinary application a
group of sensor tubes may be installed in the ablation
material at several predetermined depths, each con-
nected to a snap-action switch for recording surface re-
cession and each wired in a separate circuit through a
single full depth tube to indicate char-interface reces-
sion. By knowing the depth of each sensing element in
the heat shield and the time of surface and char-
interface recession, the rate of char-interface recession
ablation rate and char thickness changes can be deter-
mined

Accordingly, it is an object of the invention to pro-
vide a dual measurement ablation sensor to measure
char-interface and surface recession at the same loca-
tion on the heat shield. The use of material which melts
at or near the expected ablation surface temperature
insures that the affect of the sensor on the physical
property characteristics of the thermal protection ma-
terial will be minimal. The machining of large holes and
the insertion of plugs in the ablator are not required.
This is true since the sensors can have thin walls and be
made of small tubing requiring a very small hole, typi-
cally 0.02 inch. The sensor can be used over a wide
temperature range without affecting the signal to the
telemetry system. The sensor is a lightweight, compact,
rugged device that will withstand severe shock and re-
quires a minimal of associated electronic equipment.

BRIEF DESCRIPTION OF THE DRAWING

50

The more complete appreciation of the invention and
many of the attendant advantages thereof will be read-
ily apparent as the same becomes better understood by
reference to the following detailed description when
considered in connection with the accompanying draw-
ing wherein:

FIG. 1 is a schematic view of the novel dual measure-
ment ablation sensor.

45
DESCRIPTION OF THE PREFERRED

EMBODIMENT

Referring now to FIG. 1, there is shown an ablation
material 20 containing a metal sensor tube 10 (typical
diameter 0.02 inch) coated with a coating material 12.
A fine wire 14 (typical diameter 0.003 inch) is attached
to switch 16 and extends through the length of metal
sensor tube 10. Switch 16 is spring-loaded to the closed
position by spring 18 and opens by wire 14. When
switch 16 is closed an electrical circuit is completed
from voltage source 24 through switch 16 and is re-
corded at output terminals 25 and 27 by a change in
output resistance 26.

During ablation of ablation material 20 a char layer
19 is formed near the ablation surface 23. The char
layer is of a finite thickness having a bottom 21. A full
depth tube 22 (typical diameter .02 inch) extends
through the ablation material 20 to surface 23. Current

,, from'voltage source 24 passes through full depth tube
22 through the char layer 19 through the sensor tubes
10 and back across the output terminals 28 and 29 and
the output resistance 30.
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OPERATION
c

The operation of the present invention is now be-
lieved apparent. The metal sensor tubes 10 record abla-
tion material surface recession as described in the U.S. 5
Pat. No. 3,425,268. As the ablation surface 23 reaches
the level of the metal sensor tubes 10 the point of at-
tachment of fine wire 14 melts releasing wire 14, and
allowing switch 16 to be closed by spring 18. The com-
pletion of the electrical circuit is recorded as the 10
change in the output resistance 26 and the time of the
change is noted.

The properties of char layer 19 are such that it offers
much less resistance to electricity than does ablation
material 20. Full depth tube 22 acting as an electrode 15
passes current through char layer 19 to sensor tubes 10
whenever the bottom of the char layer 21 reaches the
top of sensor tube 10. For an electrically nonconduct-
ing ablation material 20, full depth tube 22 and sensor
tubes 10 are coated with gold coating material 12 to 20
provide low electrical resistance contact with conduc-
tive charred material. When the bottom of char layer
21 reaches the top of sensor tube 10 a drop in the out-
put resistance 30 indicates char interface precipitation
and the time is noted. 25

Several metal sensor tubes 10 are implanted in abla-
tion material 20 in various predetermined gaps. These
metal sensor tubes 10 serve as electrodes wired sepa-
rately through a common second electrode consisting
of a full depth tube 22. As the bottom of the char layer 30

21 reaches the depth of each of the metal sensor tubes
10, recession of the char interface to that particular
level is indicated by a change in output resistance 30
and the time noted. A short interval after indication of
char interface recession each metal sensor tube 10 will 35

release .wire 14, close switch 16, and indicate surface
recession or the passage of ablation surface 23 at that
particular level by the change in output resistance 26
and the times will be noted. Noting the depth of im-
plantation of each of the metal sensor tubes 10 and the 40

time of ablation surface recession indicated by each
.tube, the ablation rate may be calculated. Noting the
depth of implantation of the metal sensor tube 10 and
the times of indication of char interface recession ob-
tained from output resistance 30 the rate of char inter-
face recession may be calculated. A comparison of ab-
lation rate and char interface recession rate reveals
changes in char thickness. The thickness of the char
layer may be calculated by multiplying the interval be-
tween surface recession and char interface recession at
a particular metal sensor tube 10 by the ablation rate.

Although the invention has been described and illus-
trated in detail on a specific embodiment thereof, it is
to be understood that this description is by way of illus-
tration only and is not to be taken as limiting upon ap-
plicant's invention. Obviously, there are many modifi-
cations and variations of the present invention possible
in the light of the above teachings. If the ablation mate-
rial 20 is an electrical conductor, the coating 12 which 6Q
covers the metal sensor tubes 10 will be teflon. Subli-
mation of the teflon due to the elevated temperature of
the char interface will allow the metal sensor tube 10
to make contact with the char layer 19 indicating char
interface recession by the change in output resistance 65
30. Where gold has been specified for the coating 12,
any material having a low electrical resistance may be
used. Instead of a teflon coating 12 for use on ablation

material 20 as an electrical conductor, any insulating
material which melts or sublimes at or near the char in-
terface temperature will suffice. The metal used in sen-
sor tubes 10 and full depth tube 22 may be a metal or
other material having a melting point or sublimation
point at or near the ablation temperature.

What is claimed as new and desired to be secured by
letters Patent of the United States is:

1. An ablation sensor comprising: an ablation mate-
rial; a first electrode means imbedded full depth in said
ablation material for conducting a current through said
ablation material; a second electrode means implanted
at a predetermined depth in said ablation material for
conducting a current passed through said first elec-
trode means and said ablation material; a first electrical
circuit means for indicating a change in resistance
when the inner surface of a char layer formed on said
ablation material reaches said second electrode means;
a second electrical circuit means for indicating a
change in resistance when the outer surface of said
char layer reaches the second electrode means
whereby the time interval between the change in resis-
tances is an indication of the char layer thickness.

2. The sensor of claim 1 wherein said ablation mate-
rial is electrically nonconducting, said electrode means
are tubes constructed of a material which melts at or
near the expected ablation surface temperature, said
tubes are coated with a material which provides a low
electrical resistance contact with the char layer,
whereby electrical resistance between said electrode
means decreases abruptly when the char layer reaches
the depth of said second electrode means and this de-
creased resistance is indicated by said first electrical
circuit means.

3. The sensor of claim 1 wherein said ablation mate-
rial is an electrical conductor, said electrode means are
tubes constructed of a material which melts at or near
the expected ablation surface temperature, and said
tubes are coated with an electrical insulating material
which dissolves when exposed to the elevated tempera-
tures of said char layer, whereby the insulation sur-
rounding said second electrode means dissolves permit-
ting contact between said second electrode means and
said char layer whereupon a decrease in electrical resis-
tance noted by said first electrical circuit means indi-
cates that said char layer has progressed to the depth
of said second electrode means.

4. The sensor of claim 2 wherein the material used
for coating said tubes is gold.

5. The sensor of claim 3 wherein the material for
coating said tubes is polytetrafluoroethylene.

6. The sensor of claim 1 wherein said second elec-
trode means comprises a plurality of electrodes im-
planted at varying predetermined depths throughout
said ablation material for conducting a current passed
through said first electrode means and said ablation
material, and wherein said first electrical current
means is a plurality of electrical circuits to measure a
plurality of electrical resistances between said first
electrode means and each of said plurality of electrodes
whereby a time history of the progress of said char
layer, through said ablation material during ablation
may be obtained.

7. The sensor of claim 6 wherein said ablation mate-
rial is electrically nonconducting, said first electrode
means and said plurality of electrodes are tubes con-
structed of a material which melts at or near the ex-
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fleeted ablation surface temperature, and said tubes are
coated with a material which provides a low electrical
resistance contact with the char layer whereby electri-
cal resistance between said first electrode means and
said electrodes decreases abruptly as the char layer
reaches the depth of each of said plurality of electrodes
and this decreased resistance is indicated by said first
electrical circuit means.

8. The sensor of claim 7 wherein the material used
for coating said tubes is gold.

9. The sensor of claim 6 wherein said ablation mate-
rial is an electrical conductor said first electrode means
and said plurality of electrodes are tubes constructed of
a material which melts at or near the expected ablation
surface temperature, and said tubes are coated with an
electrical insulating material which dissolves when ex-
posed to the elevated temperatures.of said char layer

10

15

whereby the insulation surrounding said electrodes dis-
solves permitting contact between said electrodes and
said char layer and a decrease in electrical resistance
noted by said electrical circuit means indicates the
progress of said char layer to the depth of each of said
plurality of electrodes in turn.

10. The sensor of claim 9 wherein the material for
coating said tubes is polytetrafluoroethylene.

11. The sensor of claim 6 wherein said plurality of
electrodes have a plurality of second electrical circuit
means for indicating a change in resistance, said plural-
ity of first and second electrical circuit means provide
a time history of the movement of the ablating surface
of said ablation material whereby the rate "of ablation,
the rate of charring and the thickness of the char layer
may be calculated.
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