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[57] ABSTRACT 

A nucleonic measuring instrument wherein a housing 
contains a radiation source and has an aperture con-
trolled by a shutter which is spring loaded to a closed 
position for confining and shielding the radiation and 
is movable by a motor to an open position for releas-
ing the radiation, the motor being supplied with power 
through a heat sensitive element so that it is deener-
gized and the shutter closes in response to a predeter-
mined high ambient temperature such as may be 
caused by a fire, and including an explosive blank car-
tridge positioned in relation to the shutter guide which 
explodes in response to a still higher ambient tempera-
ture, deforming the guide and thereby locking the 
shutter in the closed position. 

8 Claims, 10 Drawing Figures 
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NUCLEONIC MEASURING APPARATUS 

PRIOR APPLICATION 
This application is a continuation of Ser. No. 634,364 

filed Apr. 27, 1967 and now abandoned. 

R E L A T E D INVENTIONS 

The present invention relates to the inventions dis-
closed in copending applications Ser. No. 634,363 and 
now U.S. Pat. No. 3,562,531 of George J. Trachevski 
and Ernest A. Auborn, and Ser. No. 634,366 and now 
U.S. Pat. No. 3 ,567,942 of Richard E. Bach, both as-
signed to the assignee of the present invention and filed 
on Apr. 27, 1967. 

B A C K G R O U N D O F T H E INVENTION 

Nucleonic measuring gauges have been provided 
with source housings having apertures controlled by 
shutters which are opera ted by an electric solenoid or 
by an air motor , o r the like, for retracting and permit-
ting the release of the radiation f rom a suitable nucle-
onic source within the housing. Examples of such shut-
ters are shown in the U.S. patents of Holben No. 
2 ,858,450 of 1958 and Lehman No. 2 ,932,744 of 1960, 
each assigned to the assignee of this invention. These 
shutters are normally made of heat resistant material 
and also act as an effective block or shield for the rays 
emanating f rom the source, so that when the shutter is 
closed, the source capsule is effectively sealed within 
its housing and no substantial radiation emanates 
through the aperture . 

Normally, the shutter mechanisms are "fa i l -safe" so 
that upon deenergization of the operat ing motor , the 
shutter automatically returns to the closed position 
such as by the use of retract ion springs or the like. In 
the event of a disaster or conflagration, it is important 
to maintain the integrity of the source housing and to 
confine all radiation within the housing. This is accom-
plished by assuring that the shutter returns to the 
closed position under such conditions and remains 
there. 

S U M M A R Y O F T H E INVENTION 

The present invention relates to nucleonic gauging 
and measuring apparatus , and more particularly, to 
such apparatus in which a movable shutter is positioned 
in relation to the exit aper ture for a nucleonic source, 
and to apparatus for closing and locking the shutter in 
the event that certain predetermined tempera ture lim-
its are exceeded. 

The invention employs moto r means, such as an elec-
tric solenoid, for moving the shutter between a closed 
position where it effectively shields radiation f rom the 
source of radioactive material and an open position 
where the aperture is uncovered. Normally, during the 
operation of the gauge, the shutter is maintained in its 
open position with respect to the aperture , by continu-
ously energizing the solenoid. However, it is within the 
scope of this invention to use o ther means such as an 
air-operated motor shown in the Holben and Lehman 
patents mentioned above. 

The invention fur ther includes means responsive to 
the occurrence of a first predetermined tempera tu re 
for causing the shutter to close and seal the source cap-
sule within its housing and to render it relatively harm-
less in the event of fire or the like. This means includes 
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2 
a tempera ture responsive element , such as a fuse, to in-
terrupt the power to the solenoid so that the shutter is 
re turned to its closed position by the shutter retraction 
springs. 

5 The present invention also provides for locking the 
shutter in the closed position upon the occurrence of 
a still higher predetermined tempera ture , and specifi-
cally provides for the release of energy, such as that 
caused by the explosion of a blank cartridge, within the 

10 base plate forming the guideway for the shutter upon 
the occurrence of the higher tempera ture such as 
would be caused by a fire. 

Thus, the present invention provides a nucleonic 
gauge with a shutter which automatically moves to a 

1 5 closed position upon the occurrence of a first predeter-
mined high environmental or ambient tempera ture 
above the normal operating tempera ture limits of the 
gaiige and which is thereaf ter locked in the closed posi-

„„ tion. 
•20 

An important object of this invention is the provision 
of a nucleonic gauge including means for locking the 
source shut ter in a closed position upon the occur rence 
of a predetermined high temperature . 

2 5 Another object of this invention is the provision of a 
nucleonic gauge including a shutter which is movable 
between an open and a closed position, and means for 
suddenly releasing stored energy, such as by an explo-
sive cartridge, for locking the shutter in the closed posi-

3 0 tion upon the occurrence of a predetermined high tem-
perature. 

A morie specific object of this invention is the provi-
sion of a nucleonic gauge assembly including a shutter 
opera ted by a solenoid in series with a tempera ture sen-

35 sitive fuse and moved by springs to a closed position, 
and in which a blank explosive cartridge is provided in 
or adjacent to the shutter to lock the shutter in its 
closed position upon the occurrence of a predeter-
mined higher temperature . 

40 These and other objects and advantages of the inven-
tion will be apparent f rom the following description, 
the accompanying drawings and the appended claims. 

BRIEF DESCRIPTION O F T H E DRAWINGS 
45 FIG. 1 is a perspective view of a nucleonic thickness 

gauging system including a shutter assembly con-
structed in accordance with the invention; 

FIG. 2 is an elevational view of the radiation source 
head partially broken away; 

5 0 FIG. 3 is an elevational view, partially broken away, 
of thie shutter assembly and its operat ing mechanism; 

FIG. 4' is a bo t tom view of the apparatus shown in 
FIG 3; 

FIG. 5 is an enlarged f ragmentary section taken gen-
5 5 erally on the line 5—5 of FIG. 4; 

FIG. 6 is an enlarged fragmentary section showing 
the shutter locked in its closed position; 

FIG. 7 is a f ragmentary section through the locked 
shutter and its guideway as taken generally on the line 

6 0 7—7 of FIG. 6; 
FIG. 8 is an enlarged fragmentary section similar to 

FIG. 5 and showing a modif ied form of the invention; 
FIG. 9 is an enlarged fragmentary section similar to 

, c FIG. 6 and showing the shutter of FIG. 8 locked in its 
b j , . . , closed position; and 

FIG. 10 is a f ragmentary section similar to FIG. 7 as 
taken generally along the line 10—10 of FIG. 9. 
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DESCRIPTION O F T H E P R E F E R R E D 
EMBODIMENTS 

Referring to FIG. 1, a nucleonic thickness measuring 
gauge 10 is connected to an electronic equipment cabi-
net 12 through flexible cables 13 and an intermediate 
disconnect box 14. A conduit 15 leads f rom the cabinet 
12 to a combined recorder and remote control unit 16 
located a t an opera tor ' s station. 

The thickness measuring gauge 10 may be of any 
suitable type utilizing radioactive material as the 
source, and may be constructed as shown in Chope 
U.S. Pat . Nos. 2,790,945 of 1957 and 2,829,268 of 
1958, both assigned to the same assignee as this inven-
tion. Fur thermore , it is within the scope of this inven-
tion, to employ a backscat ter gauge as shown in the 
above ment ioned Holben patent . 

As shown in FIG. 1, the gauge 10 includes a C-shaped 
f rame 20 having an upper leg 2 1 and a lower leg 2 2 sup-
ported by a carriage 23 mounted for traversing move-
ment on a supporting rail 24. A housing 25 is mounted 
on the rail 24 and encloses a motor which is connected 
to move the f r ame 20 in directions as indicated by the 
arrow 26. 

A radiation source head 30 is mounted on the lower 
leg 22 of the f r ame 20 and a detector head 3 1 is 
mounted on the upper leg 21 directly above the head 
30. The heads 30 and 3 1 cooperate to form a gap or 
space through which a traveling web W of material is 
directed. Referring to FIG. 2, the source head 30 in-
cludes a m e m b e r 33 support ing a plate 34 which forms 
a cover for a cylindrical shaped housing 3 5 containing 
a radiation source 36. The plate 34 has a U-shaped 
opening or aperture 37 (FIG. 3 ) through which the ra-
diation is directed upwardly towards the detector head 
31 as indicated generally by the arrow 38. 

The source 36 is preferably of the penetrative radia-
tion type wherein a source of beta, gamma, bremsstrah-
lung or o ther type radiation is produced to irradiate the 
material to be measured. The radiation detector in the 
detector head 31 may be a scintillation detector or an 
ionization chamber which is effective to determine the 
amount of radiation passing through the web W of ma-
terial. The choice of radiation depends on the charac-
ter and the density of the material being measured. 
That is, a useful detector response results f rom the use 
of beta or bremsstrahlung radiation for light weight ma-
terials bu t there would be substantially no absorption 
of a more penetrat ing radiation such as gamma. On the 
other hand, it is desirable to use a gamma source in 
measuring relatively dense material. Typical examples 
of beta emitters are Strontium 90 and Krypton 85, 
while Americium 241 and Cesium 137 are suitable 
gamma emitters. 

Referring to FIGS. 3 - 5 , a milled groove 39 is formed 
within the plate 34 around the aper ture 37 and forms 
a guideway for supporting a shutter 4 0 having an out-
wardly projecting rib or flange 41 which projects into 
the groove 39. Thus the shutter 40 is slidably supported 
for movement between a closed position, as shown in 
full lines, and an open position where the shutter is re-
tracted to the left in FIGS. 3 and 4 to open the aper ture 
37. In the closed position, the flange 4 1 on the forward 
end of the shutter 40 is received within the correspond-
ing portion of the groove 3 9 so that the cooperat ion be-
tween the interfitting flange 4 1 and groove 39 form an 
effective seal between the shutter 4 0 and the plate 34. 
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The shutter 40 is made of suitable material which re-
sists exceedingly high temperatures such as would 
occur in a fire and also forms an effective shield to 
block radiation f rom the source 36. Suitable materials 

5 for the shutter are defined in the Holben and Lehman 
patents mentioned above. 

Means for moving the shutter 40 within the guideway 
39 to open the aperture 37 include a solenoid 50 which 
has its operating coil 51 mounted on an extension plate 

10 52 bolted to the under surface of the plate 34 by screws 
53. The solenoid 50 has a T-shaped armature 55 hav-
ing, at its forward end, a pair of flanges 56 which re-
ceive a vertically extending block 57 therebetween. 
The block 57 supports, a t its upper end, a threaded rod 

15 58 which extends generally in the direction of move-
ment of the solenoid armature. An arm 60 (FIG. 3 ) is 
mounted on the shutter 40 by screws 61 and depends 
downwardly to receive the rod 58 projecting through a 
hole formed within the arm 60. A pair of lock nuts 6 3 

20 are mounted on the bolt 58 on opposite sides of the a rm 
60 and provide means for adjustably positioning the 
shutter 40 in relation to the solenoid armature 55. 

The shutter 40 is moved to its closed position upon 
the deenergization of the solenoid 50 by a pair of re-

2 5 traction or tension springs 6 5 each having one end se-
cured to the plate 34 by a spring retainer bracket 66 
(FIG. 4) . The opposite ends of the spring 6 5 are con-
nected to the solenoid armature 5 5 by means of a hat 
bracket 70 which is secured to the flanges 56 by a bolt 

3 0 7 1 extending through aligned holes fo rmed within the 
bracket 70, flanges 56 and block 57. Thus when the so-
lenoid is energized, the assembly including the block 
57, the shutter arm 60 and the shutter 4 0 move to the 
left (FIG. 3 ) causing the extension of the springs 66 and 

3 5 the opening of the aper ture 37. When the solenoid is 
deenergized, the springs 66 return the shutter 40 to a 
position closing the aperture 37. 

The invention includes means responsive to the oc-
currence of a predetermined high temperature for de-

4® energizing the solenoid 50. Preferably this means com-
prises a heat sensitive or responsive fuse 80 mounted 
on the plate 52 by suitable fuse clips 82 and wired in 
series with the coil 51. The heat responsive fuse 80 may 
be the type T F X manufactured by Bussman Manufac-

4 5 turing Division of McGraw-Edison Company, of St. 
Louis, Mo., and will interrupt the flow of current to the 
solenoid when the ambient temperature reaches ap-
proximately 300°F. The fuse 80 is provided in the event 
that electrical power to the solenoid still exists at this 
temperature , although it can be reasonably expected 
that by the time this temperature has occurred, either 
the solenoid itself will have become inoperative or the 
electrical lines to the solenoid would have become dis-

5 5 rupted or otherwise deenergized. 
The invention fur ther includes means responsive to 

the occurrence of a still higher temperature to effect a 
release of stored energy for locking the shutter in the 
closed position. 

6 Q Referring to FIGS. 4 and 5, a threaded opening 85 is 
formed within the mounting plate 34, and a coaxial 
blind cylindrical bore 86, slightly smaller in diameter , 
extends f rom the opening 8 5 on a slight inclined angle 
to the plate surfaces. The bore 86 has a f lat end surface 

gg 87 positioned in closed spaced relationship to one side 
of the groove 39 forming the guideway for the shutter 
40 . A cylindrical fitting 90 is mounted within the bore 
86 and has a cylindrical chamber 91 f rom which ex-
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tends a smaller cylindrical opening 92 connected by an 
annular internal shoulder 93. 

A hardened pin 9 5 is mounted within the opening 92 
and is formed with a pointed tip 96 and a cylindrical 
head 98 slidable within the chamber 91. A blank car- 5 
tridge 100 containing a suitable gunpowder is inserted 
within the fitting 90 adjacent the head 98 of the pin 95 
and is retained by a plug 102 threaded into the opening 
85. The blank cartridge 100 is constructed in a manner 
similar to a shell for a .22 rifle only without the bullet 10 
and without primer. It contains a suitable gunpowder 
which explodes when the cartridge reaches a predeter-
mined temperature. This temperature is above the ap-
proximate 300°F mentioned above for the fuse 80, and 
is, for example, on the order of 400°F or more. 15 

When the cartridge 100 explodes, the pointed tip 90 
of the hardened pin 95 is driven through the thin wall 
formed between the end surface 87 of the bore 86 and 
the groove 39 (FIG. 5) and deforms the groove 39 and 
flange 4 1 to such an extent (FIG. 6) that the shutter 40 20 
is positively locked to the plate 34 and is prevented 
f rom moving in a direction which would open the aper-
ture 37. Thus in the event that the ambient temperature 
surrounding the source head 30 reaches a predeter-
mined temperature such as 300°F, the fuse 80 breaks 25 
the circuit to the solenoid 50 so that the tension springs 
65 move the shutter 40 to a position closing the aper-
ture 37 and thereby block the exit of the radiation f rom 
the source housing 35. A fur ther increase in the ambi-
ent temperature will then cause the cartridge 100 to ex- 3 0 

plode so that the hardened pin 9 5 positively locks the 
shutter 4 0 in its closed position and prevents the shut-
ter f rom opening even in response to a sudden jolt. 

A somewhat simplified embodiment of a locking de-
vice in accordance with the invention is shown in FIGS. 
8 - 1 0 . In this modification, the fitting 9 0 and hardened 
pin 95 shown in FIG. 5 are eliminated and a cylindrical 
blind hole 110 having a diameter to receive the car-
tridge 100, is formed within the plate 34 ' . The hole 110 
has a flat end surface 111 in closed spaced relation to 4® 
the groove 39 supporting one side of close shutter 4 0 
and extends f rom a larger threaded bore 112. After the 
cartridge 100 is inserted into the bore 110, a plug 114 
is threaded onto the bore 112 to retain the cartridge 
100. Thus when the cartridge 100 reaches a predeter- 4 5 

mined temperature and the gunpowder explodes, the 
adjacent portion of the groove 39 and the correspond-
ing portion of interfitting flange 4 1 of the shutter 4 0 
(FIG. 9 ) are deformed to such an extent that the shut-
ter 40 is locked in the closed position and is prevented 
f rom moving so that the radiation is sealed within the 
source housing 35. 

From the drawing and the above description, it can 
be seen that a radiation gauge constructed in accor- ^ 
dance with the present invention provides important 
safety features which prevent radiation f rom being re-
leased in the event of an accidental fire in the area sur-
rounding the gauge. For example, by employing a slid-
ing shutter which is spring biased toward a closed posi-
tion to block the radiation and which is moved to an 
open position by energizing a solenoid, the closing of 
the shutter in the event of a fire can be assured simply 
by providing an environmental heat sensitive fuse in se-
ries with the solenoid coil. This structure provides a der ^ 
pendable and economical safety means for assuring 
that the shutter will close when the ambient tempera-
ture reaches a predetermined limit. 
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Another important feature is provided by the use of 

the stored chemical energy within cartridge 100 and 
confining the cartridge within the plate 34 either di-
rectly adjacent the guideway for the shutter or behind 
a hardened pin which is adjacent the guideway. Tha t is, 
the cartridge 100 provides a simple, dependable and 
economical locking means which will release its chemi-
cally stored energy when the ambient temperature 
reaches a still higher level and thereby assures that the 
shutter will be retained in its closed position. 

The shutter locking system of this invention is en-
tirely self-contained, and while in the preferred em-
bodiment it is shown as being incorporated within the 
plate 34 comprising the guide for the shutter 40, it is 
obvious that the relative position of the parts can be re-
versed. In other words, the cartridge and movable parts 
could be placed wholly within the shutter 40 and posi-
tioned to deform the cooperating parts of the shutter 
and the shutter guide. 

It is also within the scope of this invention to employ 
any suitable motor for the opening and closing of the 
shutter 40. Preferably, a single acting motor is used, 
such as the solenoid disclosed, and it is also within the 
scope of the invention to employ an air-operated this 
such as a piston motor. If an air motor is used, it will 
be deenergized when the air supply line to the motor 
ruptures or breaks with heat. A short section of plastic 
tubing can conveniently be incorporated in the air line 
as an equivalent of the fuse 80 used in this embodi-
ment. 

While the forms of apparatus herein described con-
stitute preferred embodiments of the invention, it is to 
be understood that this invention is not limited to these 
precise forms of apparatus, and that changes may be 
made therein without departing f rom the scope of the 
invention which is defined in the appended claims. 

What is claimed is: 
1. A nucleonic radiation measuring instrument com-

prising a housing enclosing a source of nuclear radia-
tion and having an aperture for releasing radiation f r o m 
said housing for measurement purposes, a shutter for 
said aperture, means supporting said shutter for move-
ment between an open position in relation to said aper-
ture and a closed position effectively confining the ra-
diation within said housing, biasing means urging said 
shutter to said closed position, motor means for moving 
said shutter f rom said closed position to said open posi-
tion, means responsive to the occurrence of a predeter-
mined high ambient temperature for deenergizing said 
motor means so that said bias means moves said shutter 
f rom said open position to said closed position, and 
means automatically operated when said shutter has 
been closed in response to said high temperature for 
locking said shutter in said closed position. 

2. A nucleonic radiation measuring instrument com-
prising a housing enclosing a source of nuclear radia-
tion and having an aperture for releasing radiation f rom 
said housing for measurement purposes, a shutter for 
said aperture, means supporting said shutter for move-
ment between an open position in relation to said aper-
ture and a closed position effectively confining the ra-
diation within said housing, biasing means urging said 
shutter to said closed position, motor means for moving 
said shutter from said closed position to said open posi-
tion, means responsive to the occurrence of a first pre-
determined high ambient temperature for deenergizing 
said motor means so hat said bias means moves said 
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shutter f rom said open position to said closed position, 
and locking means actuated in response to a second 
ambient temperature in excess of said first predeter -
mined temperature for locking said shutter in said 
closed position. 5 

3. An instrument as def ined in claim 2 wherein said 
supporting means include means defining a groove-like 
guideway, flange means project ing f rom said shut ter 
and slidably mounted within said guideway, and said 
locking means including means for interlocking said io 
flange means and said guideway. 

4. An instrument as defined in claim 3 wherein said 
interlocking means comprises means defining a hole 
within said supporting means adjacent said guideway, 
an explosive cartridge positioned and retained within 15 
said hole, and said cartr idge being operable to explode 
upon the at tainment of said second ambient tempera-
ture and thereby deform said guideway and said flange 
means to lock said shutter in its said closed position. 

5. An instrument as defined in claim 3 wherein said 20 
interlocking means comprises means defining a hole 
within said supporting means adjacent said guideway, 
a hardened pin within said hole, an explosive cartridge 
positioned and retained adjacent said pin, and said car-
tridge being operable t o explode upon the a t ta inment 25 
of said second ambient tempera ture and thereby de-
form said guideway and said flange means to lock said 
shutter in its said closed position. 

6. An instrument as defined in claim 1 wherein said 
motor means comprises an electrically actuated motor , 30 
and said means responsive to said predetermined tem-
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perature for deenergizing said motor means comprises 
an ambient temperature sensing fuse connected electri-
cally in circuit with said motor. 

7. In a nucleonic radiation energy measuring instru-
ment having a source of nuclear energy and incorporat-
ing a temperature responsive safety lock in which a 
shutter member is mounted on a guide member for 
movement between a retracted position defining an 
opening for radiation measurement purposes and a 
closed position effectively confining radiation f rom 
said source, a shutter locking mechanism comprising 
means responsive to a first predetermined high temper-
a ture for moving said shutter to said closed position, 
and means responsive to a second tempera ture higher 
than said first tempera ture for locking said shutter in 
said closed position. 

8. A nucleonic radiation measuring instrument hav-
ing a source of nuclear radiation and a shutter assembly 
comprising a shutter member which is guided for move-
ment and normally operably movable between a re-
tracted position defining an opening for radiation 
measurement purposes and a closed position effec-
tively confining said source and the radiation there-
f rom, and a shutter locking mechanism having means 
responsive to temperatures greater than a predeter-
mined tempera ture for moving said shutter to said 
closed position and for locking said shutter in said 
closed position so that said shutter is effectively no 
longer operably movable to said re t racted position. * * * * * 
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