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The present invention relates in general to the art of 
combination locks, and more particularly to combination 
locks having a facility associated therewith for resisting 
compromise of security by X-ray or other radiation 
means. 

It has been known for some time that the security of 
conventional combination locks in safes or other security 
closures may be compromised by radiography techniques 
as, for example, by making X-ray pictures by photo 
graphing high energy radiation which has passed through 
the lock mechanism. If the dial is manipulated in a 
special manner and the dial readings are recorded at the 
time the ?lm is exposed to the radiation passing through 
the lock mechanism, the combination of the lock may 
be determined by observing the differences of photo 
graphic density resulting from the effects of the high 
density metallic tumblers and the voids at the location 
of the peripheral tumbler gatings. 

In order to discourage this form of compromise of 
security, locks have been developed in which low density 
material, such as nylon, is used for the tumblers, and 
scattering material and shielding material is placed in 
the safe on all sides of the look. A radiograph of this 
look construction, when all of the lock elements are sta 
tionary does not reveal the location of the tumbler 
notches and hence can not be reliably used by unauthor 
ized persons to detect the combination of the lock. 

It has been discovered, however, that if an X-ray ?lm 
magazine is placed in a special holder which may be 
removably attached to the dial of such a combination 
lock having low density tumbler material so that the 
X-ray ?lm and dial rotate in unison, and if the dial and 
?lm holder are rotated at a uniform rate while an X-ray 
source placed at the rear of the safe directly behind the 
dial is emitting radiation, it is possible to detect the com 
bination of the lock. By such a technique, the stationary 
parts of the lock including the scattering material tend 
to produce a uniform background on the radiograph or 
X-ray picture since they are in motion with respect to 
the ?lm. However, those parts of the combination lock, 
including the three peripheral gatings on the tumbler 
wheels, which are in synchronous rotary motion with 
the ?lm are clearly outlined and are visible in the radio 
graph. If suitable markers are provided on the ?lm or 
the ?lm mechanism the combination of the lock can be 
established as one of six possible sets of numbers. Thus 
the use of stationary scattering and shielding material 
and low density tumbler material does not, in itself, 
afford adequate protection against compromise of security 
of the safe by radiography. 

It has been heretofore proposed in patent application 
Serial No. 770,390 ?led by Oleg C. Enikeieif on October 
29, 1958, now Patent No. 2,970,217, which patent appli 
cation has been assigned to Grey B. Miller and me as 
the sole general partners of Harry C. Miller Company, 
to provide combination looks with a disk-like X-ray scat 
tering element which is disposed between the tumbler 
and driving cam assembly and the front wall of the lock 
case, or between the front wall of the lock casing and the 
dial, and which is keyed to the dial spindle to rotate 
synchronously with the spindle, for the purpose of dis 
torting a photographic image produced in the manner 
described in the preceding paragraph. This arrangement, 
however, contemplates the production of such an X-ray 
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scattering element as a separate member which must be 
assembled with the remainder of the lock components, 
and which either necessitates modi?cation of the design 
of the lock casing and some of the components therein 
or the production of a special type of mounting plate 
for supporting the lock casing from the safe door or other 
supporting surface. 
An object of the present invention, therefore, is the 

provision of novel means incorporated in the construc 
tion of a combination lock for resisting compromise of 
security of the look by radiation techniques. 

Another object of the present invention is the provision 
of novel X-ray scattering means in the dial and dial ring 
assembly of a combination lock for distorting X-ray and 
like radiation energy patterns when the radiant energy 
is directed through the lock to prevent the production 
of radiographs which would reveal the combination of the 
lock or facilitate compromise of its security. 

Another object of the present invention is the provision 
of a novel dial and dial ring assembly for combination 
locks having scattering material arranged in a stationary 
component of the assembly and scattering material ar 
ranged in a rotatable component of the assembly, both 
disposed in protective relation to the lock mechanism 
whereby the stationary and rotatable scattering material 
cooperate to prevent the production of radiographs of 
the X-ray energy directed through the lock mechanism 
which would reveal the locations of the tumbler wheel 
gatings. 

Other objects, advantages and capabilities of the pres 
ent invention will become apparent from the following 
detail description, taken in conjunction with the accom 
panying drawing illustrating one preferred embodiment 
of the invention. 

In the drawings: 
FIGURE 1 is a vertical section view taken through the 

medial plane of a combination lock dial and dial ring 
assembly embodying the present invention, the dial and 
dial ring being shown in exploded relation; 
FIGURE 2 is a front elevation of the dial ring viewed 

from the plane 2-2 of FIGURE 1; 
FIGURE 3 is a rear elevation of the dial member, 

taken along the plane 3—3 of FIGURE 1; and 
FIGURE 4 is a vertical section view of the dial ring 

taken along the section plane spaced laterally from the 
center of the dial ring and indicated by the line 4-4 of 
FIGURE 2. 

Referring to the drawings wherein like reference char 
acters designate corresponding parts throughout the sev— 
eral ?gures, the combination lock dial and dial ring 
assembly of the present invention, indicated generally by 
the reference character 10, comprises a dial 11 and a 
dial ring 12. The dial ring 12 is designed to be secured 
to the front surface of a supporting wall, such as a safe 
door, a ?le cabinet drawer front wall, or the like, to the 
rear surface of which the combination lock casing is se 
cured. The dial 11 is provided with the usual spindle 
13 which projects through the supporting door or wall 
and into the combination lock casing, and is designed to 
have the usual driving cam which is located within the 
casing keyed to the inner end of the spindle 13 to be 
driven thereby and effect adjustment of the tumbler 
wheels and movement of the bolt. 
The dial and dial ring assembly 10‘ illustrated in the 

drawing is of the type designed to shield the dial gradua 
tions and indicia from observation by anyone other than 
the operator, and is of the general type disclosed in my 
prior Patent No. 2,836,052 issued May 27, 1958. To 
this end, the dial ring 12 is provided with the usual cir 
cular base 14 which is centrally apertured as indicated 
at 15 to permit the spindle 13 to pass therethrough, and 
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is provided with a forwardly projecting, interrupted 
annular shielding ?ange 16 disposed near the periphery 
of the dial ring. The shielding ?ange 16 terminates a 
selected, uniform distance to either side of the medial 
vertical plane through the dial ring in the upper portion 
of the dial ring, as indicated at 17 and 18, to de?ne an 
upper sight opening 19 bounded by the ends 17, 18 of 
the shielding ?ange 16 and an arcuate surface 20 lying 
in the circular path of the annular ?ange 16. A ?xed 
index mark 21 is located at the center of the sight open~ 
ing 19. The base 14 of the dial ring 12 is provided with 
a plurality of openings 22 extending therethrough, which 
may be located on the vertical axis through the center 
of the dial ring 12 for accommodating the usual mount 
ing bolts. The central region of the base 14 of the dial 
ring 12 is provided with a forwardly projecting boss 23 
which surrounds the central spindle aperture 15 and 
mounting bolt openings 22 and extends to the vertical 
plane of the arcuate surface 20 of the sight opening 19. 
The front surface of the base 14 is recessed between 

the boss 23 and shielding ?ange 16 to provide a cavity 
24. The cavity 24 is bounded by an outer, cylindrical 
side wall 25 aligned with the inner surface of the shield 
ing ?ange 16 and an inner side wall '26 which is also the 
side wall of the boss 23. This recessed cavity 24 is ?lled 
with a large number of X-ray scattering bodies 27, which 
may be, for example, 3X16" spherical lead balls potted 
or imbedded in a suitable carrier, indicated at 28. The 
carrier may be paraf?n or a thermoplastic or thermoset 
ting plastic composition of the type which may be poured 
into the cavity 24 when the X-ray scattering bodies have 
been placed therein to retain the bodies in position within 
the cavity. To further complicate the X—ray scattering 
pattern, a plurality of additional X-ray scattering bodies 
29, which may be of larger diameter than the bodies 
27, may be provided in a circular zone about the center 
of the base 14 spaced from the center about the same 
distance as the mounting bolt openings 22, and to this 
end circular bores extending from the rear wall of the 
cavity 24 through the rear surface of the base 14 are pro 
vided into which these larger scattering bodies 29 pro 
ject. It will be understood that the cavity 24 and the 
bores for the scattering bodies 29 are of suf?cient depth 
and diameter in relation to the size of the scattering 
bodies 27 and 29 so that the outer surface of the mass 
of scattering bodies lies ?ush with or slightly behind the 
plane of the front surface of the boss 23. 
The dial 11 may be cast from Zamac or other metallic 

or plastic casting material and is provided with a cen 
tral boss formation 30, which in this embodiment is re 
movably secured to the dial casting, having a socket 31 
into which the front end of the spindle 13 is tightly ?tted. 
The dial 11 comprises a circular or disk-like front wall 
32 having a forwardly projecting knob 33 at the center 
thereof, the front wall 32 being inclined slightly for 
wardly from the edge of the knob 33 to the periphery 
of the wall. An annular ?ange 34 projects rearwardly 
from the periphery of the front wall 32 and forms a 
cylindrical surface 35 which bears the dial markings and 
indicia. The size of the ?ange 34 is such as to nest 
within the shielding ?ange 16 of the dial ring 12 so that 
the indicia bearing surface 35 lies immediately adjacent 
the inner surface of the shielding ?ange 16 and the indicia 
are shielded from view when out of registry with the 
sight opening 19. 

This dial construction, as illustrated, provides an an 
nular cavity 36 between the annular ?ange 34 and the 
central boss 30, which forms a convenient housing for 
a potted mass 37 of X-ray scattering bodies of a form 
similar to the mass of bodies 27 previously described. 
Thus, a plurality of lead balls or similar bodies, indi 
cated at 38, may be disposed in the desired pattern within 
the cavity 36 and a suitable carrier 39 of paraf?n or suit 
able plastic material may be poured over the mass of 
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4 
lead balls 38 to retain the scattering bodies in position 
when the carrier composition sets. 

It is desirable to protect the dial assembly against 
compromise of security by insertion of the X-ray ?lm in 
and around the dial between the dial 11 and the dial ring 
12. As one example of means for providing such pro 
tection, the annular rear wall 40 of the annular ?ange 
34 of dial 11 is formed With a rearwardly opening annu 
lar groove 41 which is concentric with the axis of the 
dial 11 and the annular ?ange 34, and the dial ring 12 
may be provided with an annular baf?e member 42 seated 
in the cavity 24 of the dial ring 12. The baf?e member 
42 may be conveniently made in the form of a metallic 
ring having a thin, annular, outwardly projecting ?ange 
43 adapted to project into and have a sliding ?t with the 
annular groove 41 in the dial ?ange 34. The ?ange 43 
projects from a very narrow base ring 44 which is adapted 
to butt against the rear wall of the cavity 24. The base 
ring 44 may be provided with a pair of diametrically 
positioned, inwardly projecting mounting ears 45 which 
extend into engagement with diametrically opposed por 
tions of the boss 23 to hold the baf?e 42 in position 
within the cavity 24. The baffle 42 may be retained in 
position by mere frictional engagement of the mounting 
cars 45 with the surfaces of the side wall of the boss 
23, or by providing diametrically opposite the opening 
notches or grooves in the side wall of the boss 23 into 
which the inner edge portions of the mounting cars 45 
are forced, or by other expedients which will be well 
known to persons skilled in the art. By extending the 
annular ?ange 43 into the annular groove 41 in the dial 
?ange 34, the baf?e member 42 shields the area between 
the dial 11 and dial ring 12 against the insertion of an 
X-ray ?lm in the area surrounding the spindle 13 and 
thereby prevents circumvention of the protection afforded 
by the potted X~ray scattering bodies 38 carried by the 
dial 11. It will be apparent that other arrangements 
may be provided which will effectively shield the area 
between the dial and dial ring against introduction of 
X-ray ?lm therebetween, the baffle member 42 being de 
scribed as one example of a structure that would be effec 
tive for this purpose. 

This construction provides an extremely convenient 
means of incorporating an effective X-ray scattering fea 
ture in a combination lock dial and dial ring assembly 
of more or less conventional form without necessitating 
any drastic modi?cation of the dial and dial ring assem 
bly construction. This drastically simpli?es manufac 
ture and cost of manufacture of combination locks hav— 
ing this feature, and also permits the ready modi?cation 
of existing combination lock installations to incorporate 
the X-ray scattering feature by the simple expedient of 
replacing the existing dial and dial ring assembly. 
As explained earlier, it would be possible to compromise 

the security of conventional combination locks, even if 
they were provided with tumbler wheels or low density 
material by providing an X-ray ?lm holder or jig which 
may be removably supported on the knob of the conven 
tional dial, and disposing an X-ray source or other radia 
tion source at the rear of the safe or security closure 
generally in alignment with the axis of the dial spindle 
so as to direct the radiation energy forwardly ‘through 
the lock mechanism and on to the photosensitivll emul~ 
sion in the ?lm holder. However, when the combination 
lock dial ring assembly hereinabove described is pro 
vided for the combination lock, the stationary mass of 
radiation scattering bodies 27 and 29 and the rotatable 
mass of radiation scattering bodies 38 are interposed in 
the path of the radiation energy between the radiation‘ 
source and the ?lm holder, and the mass of scattering 
bodies 38 rotates in synchronous angular relation with the 
dial 11, the mass of scattering bodies 38 remains station 
ary relative to the ?lm in the ?lm holder and so distorts 
the photographic image as to prevent reduction of the 
scattering pattern to background status and thus prevents 
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recording of a visible outline of the lock parts including 
the tumbler wheels which remain stationary relative to 
the dial and the mass of scattering bodies 38 during 
manipulation of the dial. The scattering pattern is fur 
ther complicated by the fact that relative movement 
occurs between the two masses 27 and 37 of scattering 
material. These features all cooperate to prevent record 
ing of a visible outline of the lock parts and particularly 
the tumbler wheels which remain stationary relative to 
the dial and photo-sensitive emulsion in the ?lm holder 
during manipulation of the dial. Actually, the mass of 
scattering bodies 38 in the dial cavity 36 would sui?ce, 
without the presence of the stationary mass of scattering 
bodies 27, to prevent recording of a visible outline of the 
tumbler wheels by which the lock security could be com 
promised, but the presence of the stationary mass affords 
additional protection against compromise of the lock 
combination by other radiation techniques. Thus, an 
effective counter measure technique is provided to prevent 
compromising of the lock security by the technique de 
scribed above. 
While but one speci?c embodiment of the present in 

vention has been particularly shown and described, it is 
apparent that various modi?cations may be made in the 
invention without departing from the spirit and scope 
thereof, and it is desired, therefore, that only such limita 
tions shall be placed thereon as are imposed by the 
appended claims. 

I claim: 
1. A dial for combination locks of the type having 

coaxially supported tumbler wheels and a rotatable dial 
spindle in coaxial relation to the tumbler wheels for ad 
justing the same, the dial comprising a generally circular 
body to be a?ixed centrally to and rotated about the axis 
of the dial spindle and having a front face and a rear 
wardly opening cavity bounded by an outer peripheral 
wall, said cavity being disposed over an area to inter 
cept radiation energy directed through the tumbler wheels 
of the associated lock along radiation axes lying within 
selected small angles of inclination relative to the axis of 
the spindle and dial, a layer ‘of radiation scattering bodies 
disposed in a selected pattern throughout said cavity sub 
stantially ?lling said cavity over the entire area thereof 
forming a shielding radiation scattering mass to scatter the 
radiation energy intercepted thereby and distort the exit 
radiation pattern to prevent recording of a readable image 
of the tumblers which would reveal the angular position 
of the tumbler gatings, and a plastic retaining medium 
?lling said cavity to at least the depth of said bodies in 
which said bodies are imbedded to retain the same in the 
selected pattern within said cavity and cause the layer 
of bodies to rotate as a unit with said dial. ‘ 

2. A dial for combination locks of the type having co 
axially supported tumbler wheels and a rotatable dial 
spindle in coaxial relation to ‘the tumbler wheels for 
adjusting the same, the dial comprising a generally cylin 
drical dial body having a front wall including an integral 
knob projecting centrally therefrom and a cylindrical 
peripheral surface bearing dial markings and indicia, said 
dial body being adapted to 'be a?ixed centrally to and 
rotated about the axis of the dial spindle and having a 
rearward-1y opening annular cavity in coaxial relation with 
the axis of the dial body disposed over an area to inter 
cept radiation energy directed through the tumbler wheels 
'of the associated lock along radiation axes lying within 
a range of selected small angles of inclination relative to 
the axis of the spindle and dial, a layer of radiation 
scattering bodies disposed in a selected pattern through 
out said annular cavity to form a shielding radiation 
scattering mass to scatter the radiation energy intercepted 
thereby and distort the exit radiation pattern to prevent 
recording of a readable image of he tumblers which would 
reveal the angular position of the tumbler gatings, and a 
plastic retaining medium ?lling said cavity to at least the 
depth of said bodies in which said bodies are imbedded 
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to retain the same in the selected pattern within said 
cavity and cause the layer of bodies to rotate as a unit 
with said dial. 

3. A dial for combination locks of the type having co 
axially supported, rotatable, peripherally gated tumbler 
wheels and a coaxially related rotatable dial spindle for 
adjusting the tumblers, comprising a dial body including 
a disk-like wall portion and a peripheral rearwardly pro 
jecting ?ange having a cylindrical outer surface carrying 
dial markings and indicia, a central boss projecting rear 
Wardly from said disk-like wall to be a?ixed to and 
rotated about the axis of the spindle, said boss terminat 
ing in a bearing surface ‘adjacent the center of the disk 
like wall spaced rearwardly from said disk-like wall, said 
central boss and said peripheral ?ange de?ning a rear 
wardly opening cavity therebetween extending over an 
expense radially *of the center of the dial to a radius at 
least as great as the radius of the tumbler wheels to 
intercept radiation energy directed through the tumbler 
wheels of the associated lock along radiation axes lying 
within selected small angles of inclination relative to the 
axis of the spindle and dial, a layer of radiation scatter 
ing bodies of generally spherical con?guration disposed 
closely adjacent to each other and extending throughout 
said cavity substantially to the depth of said boss to scatter 
the radiation energy intercepted thereby and distort the 
exit radiation pattern to prevent recording of a readable 
image ‘of the tumblers which would reveal the angular 
position of the tumbler gatings, and means for retaining 
said radiation scattering bodies within said cavity and 
causing said bodies to rotate as a group with said dial. 

4. A dial and dial ring assembly for combination locks 
of the type having coaxially supported tumbler Wheels 
and a rotatable dial spindle in coaxial relation to the 
tumbler wheels for adjusting the same, the dial compris 
ing a generally circular body to be affixed centrally to and 
rotated about the axis of the dial spindle and having a 
front face and a rearwardly opening cavity bounded by 
an outer peripheral wall, said cavity being disposed over 
an area to intercept radiation energy directed through the 
tumbler wheels of the associated lock along radiation 
‘axes lying within selected small angles of inclination rela 
tive to the axis of the spindle and dial, a plurality of 
radiation scattering bodies substantially ?lling said cavity 
over the entire area thereof forming a shielding radia 
tion scattering mass to scatter the radiation energy inter 
cepted thereby and distort the exit radiation pattern to 
prevent recording of a readable image of the tumblers 
which would reveal the angular position of the tumbler 
gatings, means for retaining said radiation scattering 
bodies within said cavity, and said dial ring including a 
circular base to be disposed in coaxial relation with said 
dial having a central aperture for passage of the spindle 

. therethrough, said dial ring having a forwardly opening 
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cavity in the base thereof extending over an area corre 
sponding generally to the area of said dial cavity, a plu 
rality of radiation scattering bodies substantially ?lling 
said dial ring cavity, and means for retaining the last 
mentioned radiation scattering bodies in said dial ring 
cavity. 

5. A dial and dial ring assembly' for combination locks 
of the type having coaxially supported tumbler wheels 
and a rotatable dial spindle in coaxial relation to the 
tumbler wheels for adjusting the same, the dial compris 
ing a generally cylindrical dial body having a front wall 
including an integral knob projecting centrally therefrom 
and a cylindrical peripheral surface bearing dial mark 
ings and indicia, said dial body being adapted to be a?ixed 
centrally to and rotated about the axis of the dial spindle 
and having a rearwardly opening annular cavity in co 
axial relation with the axis of the dial body disposed over 
an area to intercept radiation energy directed through 
the tumbler wheels of the associated lock along radiation 
axes lying within a range of selected small angles of in 
clination relative to the axis of the spindle and dial, a 
layer of radiation scattering ‘bodies disposed in touching 
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relation to each other extending throughout said annular 
cavity to form a shielding radiation scattering mass to 
scatter the radiation energy intercepted thereby and dis 
tort the exit radiation pattern to prevent recording of a 
readable image of the tumblers which would reveal the 
angular position of the tumbler gatings, a plastic retain 
ing medium ?lling said cavity to at least the depth of 
said bodies in which said bodies are irnbedded to retain 
the same in a selected pattern within said cavity and cause 
the layer of bodies to rotate as a unit with said dial, 
said dial ring including a circular base to be ?xed to a 
stationary supporting surface in coaxial, underlying rela 
tion with said dial having a central aperture for passage 
of the spindle therethrough, said dial ring having an inter 
rupted, forwardly projecting ?ange adjacent the periphery 
of said base to surround the cylindrical periphery of said 
dial and a forwardly opening cavity disposed inwardly 
of said ?ange and extending over an area corresponding 
generally to the area of said dial cavity, a layer of radia 
tion scattering bodies disposed in touching relation to 
each other extending throughout said dial ring cavity to 
form a shielding radiation scattering mass, and a plastic 
retaining medium within said dial ring cavity having said 
radation scattering bodies imbedded therein to retain the 
same in a selected pattern within said dial ring cavity. 

6. A dial and dial ring assembly for combination locks 
of the type having coaxially supported, rotatable, periph 
erally gated tumbler wheels and a coaxially related ro 
tatable dial spindle for adjusting the tumblers, compris 
ing a dial body including a disk-like wall portion and a 
peripheral rearwardly projecting ?ange having a cylin 
drical outer surface carrying dial markings and indicia, 
a central boss projecting rearwardly from said disk-like 
wall to be a?ixed to and rotated about the axis of the 
spindle, said boss terminating in a bearing surface adja 
cent the center of the disk-like wall spaced rearwardly 
from said disk-like wall, said central boss and said 
peripheral ?ange de?ning a rearwardly opening cavity 
therebetween extending over an expanse radially of the 
center of the dial to a radius at least as great as the 
radius of the tumbler Wheels to intercept radiation energy 
directed through the tumbler wheels of the associated 
lock along radiation axes lying within selected small 
angles of inclination relative to the axis of the spindle 
and dial, a layer of radiation scattering bodies of gener 
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ally spherical con?guration disposed closely adjacent to 
each other and extending throughout said cavity substan~ 
tially to the depth of said boss to scatter the radiation 
energy intercepted thereby and distort the exit radiation 
pattern to prevent recording of a readable image of the 
tumblers which would reveal the angular position of the 
tumbler gatings, means for retaining said radiation scat 
tering bodies Within said cavity and causing said bodies 
to rotate as a group with said dial, said dial ring includ 
ing a circular base having an aperture for passage of 
the spindle therethrough and an interrupted forwardly 
projecting ?ange adjacent the periphery thereof to sur 
round the peripheral ?ange of said dial, and a forwardly 
opening annular cavity surrounding said aperture, and a 
layer of radiation scattering spheres ?xed in said dial 
ring cavity. 

7. In a dial and dial ring assembly, the combination 
recited in claim 4 including baf?e means supported on 
said dial ring and projecting forwardly thereof within 
said dial ring cavity into lapping relation with the rear~ 
ward portion of the outer peripheral wall of said dial 
to shield the space between said dial and dial ring against 
insertion of radiation sensitive ?lm therebetween. 

8. In a dial and dial ring assembly, the combination 
recited in claim 5 including an annular baffle member 
having a base portion seated in the dial ring cavity and 
an uninterrupted annular ?ange projecting forwardly 
from said dial ring base, and said dial having a rear 
wardly opening, uninterrupted annular groove comple 
menting a portion of said ?ange of said ba?ie member 
to receive the ba?le member ?ange therein, said ba?‘le 
member ?ange being disposed radially outwardly of the 
radiation scattering bodies disposed in said dial ring 
cavity to shield the space between said dial ring and 
said dial ‘from insertion of radiation sensitive ?lm there 
between. 
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