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[57] ABSTRACT 
An apparatus is provided for controlling the activation 
of a high energy radiation source having a shutter. The 
apparatus includes magnets and magnetically respon-
sive switches appropriately placed and interconnected 
so that only with the shutter and other parts of the 
source in proper position can safe emission of radiation 
out an open shutter occur. 

5 Claims, 2 Drawing Figures 
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X-RAY SOURCE SAFETY SHUTTER 

CONTRACTUAL ORIGIN OF THE INVENTION 
The invention described herein was made in the 5 

course of, or under, a contract with the UNITED 
STATES ENERGY RESEARCH AND DEVELOP-
MENT ADMINISTRATION. 

BACKGROUND OF THE INVENTION Q 

The use of X-ray source or other high energy radia-
tion source test equipment may be dangerous. New 
safety regulations attempt to prevent personal exposure 
to such dangerous radiation which may be caused by 
inadvertent, improper, or mischievous opening of shut- 15 
ters which cover the radiation source beam ports. For 
example, in X-ray diffraction equipment the shutters 
are spaced about the X-ray source and, while some 
shutters may be opened while radiation is being gener-
ated by the source, it is desirable to prevent other shut- 20 
ters from being opened while radiation is being gener-
ated without the proper test equipment positioned to 
protect the user. 

Prior art safety shuttering devices suffer from their 
cumbersome design, which greatly increases the cost of 25 
the device. Further, many of the safety shuttering appa-
ratus, such as U.S. Pat. No. 3,721,826 of Thomas, de-
scribe apparatus which is not readily adaptable to exist-
ing high energy radiation sources. Thus, to convert 
such existing sources into safe operating devices is not 30 
feasible with most prior art apparatus. 

It is therefore an object of this invention to provide a 
safety shutter for a high energy radiation source. 

Another object of this invention is to provide a safety 
shutter adaptable to state of the art, high energy radia- 35 
tion sources. 

SUMMARY OF THE INVENTION 
A safety device is provided for controlling activation 

of a high energy radiation source having a shuttering 40 
mechanism for controlling distribution of the radiation. 
It includes a magnet mounted on the shutter, and a 
magnetically responsive switch mounted on the hous-
ing of the source and which is positioned so that when 
the shutter is closed the magnet causes the switch to 45 
close. With the shutter open the switch is open. Addi-
tional magnet switch combinations are mounted on 
other parts of the apparatus so that when all parts are in 
appropriate positions circuitry is provided which is 
responsive to the condition of the switches so that only 50 
when these parts are in their appropriate positions will 
the radiation source be permitted to be activated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows a radiation source and shutter combina- 55 

tion with the safety device for controlling activation of 
the X-ray source; and 

FIG. 2 shows the safety circuit for controlling activa-
tion of the source. 

DETAILED DESCRIPTION OF THE PREFERRED 6 0 

EMBODIMENT 
Referring to FIG. 1, there is shown a high energy 

radiation source provided with safety shuttering. The 
source of radiation such as an X-ray source, is con- 65 
tained within housing 10, which is normally covered by 
shutters 11 to prevent the undesired emission of radia-
tion outside of housing 10. The shutters 11 are mov-

able, having at least two positions. In one position illus-
trated by the solid lines of FIG. 1, each shutter 11 is in 
the closed position, obstructing the exit of any radia-
tion from the associated beam port 12 of housing 10. In 
the other position, illustrated by the phantom lines in 
FIG. 1, each shutter 11 is in the open position allowing 
for the emission of X-rays out the associated port. For 
the protection of users of the radiation source, it is 
necessary to insure that with a shutter 11 in the open 
position the source can generate radiation only with 
certain other apparatus such as a beam receptacle 
properly positioned to receive the radiation from the 
open port. The requirement for proper positioning of 
certain apparatus prevents the dispersal of the high 
energy radiation to any but desired points. For exam-
ple, in an X-ray diffractometer there is generally pro-
vided as shown in FIG. 1 a beam receptacle such as 
camera 15 which is intended to receive X-rays from a 
source within housing 10 and to record the reaction of 
the X-rays with particular test specimens within the 
camera. For purposes of safety the X-ray source should 
not be permitted to emit X-rays with any shutter 11 
open unless a camera 15 is in the proper position to 
receive the rays from the X-ray source passing through 
the open shutter. To allow movement of camera 15 
between the safe X-ray receiving position and the ser-
vicing position, is mounted on track 17. When the 
camera is moved along track 17 to a desired position 
with the shutter open, then the X-ray source should be 
permitted to generate radiation because the danger of 
unsafe emission of X-rays is alleviated. 

Safe operation of the shutter X-ray source combina-
tion is achieved by the interaction between magneti-
cally responsive switches and sources of magnetic flux. 
A magnetically responsive switch is one which has two 
states, one state being in response to a particular mag-
netic flux and the other state being in response to the 
absence of a magnetic flux. Examples of magnetically 
responsive switches are reed switches and axiomag-
netic switches, for both of which the two states are 
conducting or nonconducting. In the embodiment 
shown in FIG. 1 a magnet 21 is mounted on a shutter 11 
and a magnetically responsive switch 19 is mounted on 
housing 10. Another magnetically responsive switch 25 
is located along track 17 in the position at which a 
suitable beam receptacle would be properly positioned 
to allow for the emission from the X-ray source with 
the safety shutter 11 open. Another magnet 27 is 
mounted on the beam receptacle camera 15. Assume 
switches 19 and 25 are reed switches. The magnet 21 is 
positioned on shutter 11 arid switch 19 is selected so 
that with shutter 11 entirely closed, magnet 21 is adja-
cent switch 19 causing switch 19 to be conducting, and 
so that with shutter 11 open, magnet 21 is so displaced 
from switch 19 that switch 19 is nonconducting. Simi-
larly, magnet 27 is positioned on camera 15 and switch 
25 is selected so that with shutter 11 open and camera 
15 in the desired position to safely receive X-rays from 
the open shutter, magnet 27 is adjacent switch 25 caus-
ing switch 25 to be conducting, and so that regardless 
of the position of shutter 11 and with camera 15 not in 
the desired position to safely receive X-rays, magnet 27 
is sufficiently displaced from switch 25 that switch 25 is 
nonconducting. Note that the position of the switches 
and magnets could be reversed, i.e. the switch mounted 
on the shutter and the magnet mounted on the housing. 
Further the switches could have opposite states for 
allowing activation. Such combinations would be obvi-



3 
ous to those skilled in the art based upon this disclo-
sure. 

Referring to FIG. 2, there is shown the circuitry (not 
shown in FIG. 1) by which the switches 19 and 25 are 
coupled to the X-ray source to control the operation 5 
thereof. The switch 25 and the switch 19 are coupled in 
parallel. The X-ray power source 30, which controls 
the generation of X-rays, is coupled to this parallel 
coupling via relay coil 31 and is responsive thereto so 
that only with either switch closed will there be a com- 10 
pleted circuit to allow for the generation of the X-rays 
by the source within housing 10. Therefore, either 
shutter switch 19 or track switch 25 must be closed to 
have X-rays exit from port 12, which corresponds to 
the condition whereby either the shutter 11 is closed or 15 
camera 15 is in the proper position to allow X-rays to 
exit the open shutter. 

In FIG. 1, there is shown only one utilization of a 
beam port 12 with a beam receptacle, however, there is 
virtually no limit to the number of combination of shut- 20 
ters and beam receptacles that could be used. Normally 
such X-ray sources have four beam ports. Therefore, 
there could be four sets of switches each of which is 
capable of controlling the operation of X-ray source 
30. This is shown in FIG. 2 where for purposes of illus- 25 
tration there is diagramed circuitry for two beam ports 
with the two arrangements in series with each other. 
Thus, there is a second combination of switches 19 and 
25, magnets 21 and 27, and relay 31. Note that the 
circuitry permits X-rays to be generated when one or 30 
more shutters 11 are closed. This is because one shutter 
11 may be open with a beam receptacle properly posi-
tioned so that in order to allow for operation of the 
X-ray source, each switch 19 associated with a closed 
shutter 11 is conducting. Further refinements to FIG. 2 35 
include a light emitting diode 40 in series with track 
switch 25 serving to indicate that the shutter 11 is open 
and that X-rays are on. If the diode fails, the switch 25 
cannot turn the X-ray source 30 on. In addition, the 
switches are magnetically shielded by shield 42 to elim- 40 
inate extraneous switch closers and to more accurately 
define the open-closed range of the switch relative to 
the position of the beam receptacle. A diode 44 is in 
parallel with relay coil 31 and prevents possible arcing 
across open circuits of 25 and 19. 45 

Referring to FIG. 2, there is shown a natural exten-
sion of the circuit by requiring that a number of devices 
in addition to the beam receptacle be properly posi-
tioned before the X-rays are allowed to be safely emit-
ted through an open shutter 11. For example, if it 50 
would also be required that a device such as a shield 35 
be positioned in an appropriate location, such shield 35 
would be provided with a switch 37-magnet 39 combi-
nation. This combination would require that the shield 
35 be properly positioned along with camera 15 being 55 
properly positioned before the X-rays would be al-
lowed to be emitted. As shown in FIG. 2, switch 37 is 
coupled in series with switch 25, so that only when both 
switches are closed, i.e. only when the camera 15 and 
the shield 35 are properly positioned, will there be a 60 
completed circuit allowing for the operation of X-ray 
source 30. This series connection concept could be 
extended to any number of things which would be re-
quired to be properly positioned. 

T h e p r e c i s e pos i t i on ing o f t h e e l e m e n t s b e f o r e t h e 65 
s w i t c h e s a s s u m e t h e r e s p o n s i v e s tate is c o n t r o l l e d by 
the s e l e c t i o n o f t h e s ize m a g n e t and s ize m a g n e t i c 
s w i t c h e s that are used . T h u s , a great range o f a c c u r a c y 
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can be obtained in the positioning of the device de-
pending upon the particular selection of circuit ele-
ments. A particular advantage of this device is that it is 
easily adapted to existing safety shutter systems allow-
ing them to comply with new radiation safety standards 
for X-ray diffraction analysis equipment without cum-
bersome refitting. The device is easily attached and 
easily removed requiring only a simple jack. Other 
prior art shutter systems require numerous screw cou-
plings to the X-ray source housing. There are no preci-
sion moving parts in the arrangement. The requirement 
for a magnet properly located on each beam receptacle 
discourages the use of unauthorized or makeshift ac-
cessories in place of the proper receptacle. 

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as 
follows: 

1. In a high energy radiation source enclosed in a 
housing and having a shutter mounted on said housing, 
and a beam receptacle, a safety device for controlling 
the activation of the source, comprising: 

first and second magnet elements, first and second 
mangetically responsive switch elements, each 
switch element being responsive to a magnet ele-
ment being adjacent thereto to assume a first state 
and each being responsive to a magnetic element 
being displaced therefrom to assume a second 
state, one of said first elements being mounted on 
said housing and the other of said first elements 
being mounted on said shutter such that with the 
shutter closed said first switch element assumes 
said first state and with the shutter open said first 
switch element assumes said second state, one of 
said second elements being mounted on the recep-
tacle and the other of said second elements being 
positioned such that with the receptacle in a de-
sired location for safe activation of the source with 
the shutter open said second switch element as-
sumes said first state and with the receptacle dis-
placed from said desired location said second 
switch element assumes said second state, and 
relay means coupled to the source and having cou-
pled in parallel thereacross said first and second 
switch elements, said relay means being responsive 
to either of said switch elements being in said first 
state to allow activation of the source. 

2. The device of claim 1 further including a third 
magnet element, a third magnetically responsive switch 
element, and an apparatus which is required to be in a 
particular location at the same time as the receptacle is 
in said desired location before activation of the source 
can safely occur, one of said third elements being 
mounted on said apparatus and the other of said third 
elements being positioned such that with said apparatus 
at said particular location said third switch element 
assumes said first state and with said apparatus dis-
placed from said particular position said third switch 
element assumes said second state, said third switch 
element being coupled in series with said second switch 
element and said second and third switch elements 
being coupled in parallel with said first switch element, 
said relay means being responsive thereto to allow 
activation of the source with both second and third 
switch elements in said first state. 

3. The device of claim 1 wherein the source includes 
a plurality of shutters, and wherein there is further 
included a plurality of first and second magnet ele-
ments, first and second magnetically responsive switch 
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elements, and beam receptacles, each of said shutters 
having mounted thereon and associated therewith one 
of said first elements and associated with and adjacent 
each of said shutters said housing having mounted 
thereon the other of said first elements such that with a 5 
shutter closed the first switch element associated there-
with assumes said first state and with a shutter open 
said first switch element associated therewith assumes 
said second state, each beam receptacle having 
mounted thereon and associated therewith one of said 10 
second elements and associated with and positioned 
desirably with respect to each receptacle is the other of 
said second elements such that with a receptacle in a 
desired location to safely receive radiation through an 
open shutter said second switch element associated 15 

therewith assumes said first state and with a receptacle 
displaced from said desired location said second switch 
element associated therewith assumes said second 
state, and a plurality of relay means coupled to said 
source, each of said relay means having coupled in 
parallel thereacross said first and switch elements, each 
of said relay means being responsive to both of said 
switch elements coupled thereto assuming said second 
state to prevent activation of the source. 

4. The device of claim 3 wherein said energy radia-
tion source is an X-ray diffraction machine. 

5. The device of claim 4 wherein said receptacles are 
beam cameras. 
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