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[57] ABSTRACT 

A system for master keying axial pin tumbler locks 
which includes providing at least certain of the combi 
nation pins with at least two different axially spaced 
surfaces facing the keyway for cooperating with differ 
ently shaped notches in the end of a key advanced 
through the keyway. In its preferred form, the master 
keying combination pins are stepped so as to form a cy 
lindrical head portion of relatively small diameter and 
a base portion ofa larger diameter and the keys include 
stepped notches that permit engagement with either 
the head portion or the base portion of said combina 
tion pin so as to permit two different keys to operate 
the same pin. The system described may be adaptable 
to grandmaster keying, great grandmaster keying, etc., 
as well as master keying. 

8 Claims, 13 Drawing Figures 
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SYSTEM FOR MASTER KEYING AXIAL PIN 
TUMBLER LOCKS 

vDESCRIPTION OF THE INVENTION 

The present invention relates generally to tubular pin 
tumbler locks and, more particularly, to the master 
keying of such locks. 
Master keying vsystems for axial pin tumbler locks 

have been developed and used heretofore, but such sys 
tems have generally required the use of master pins or 
wafers, in addition to the conventional top and bottom 
pin tumblers, as well as a special master sleeve (or 
“washer” or “ring”) for holding the master pins. The 
master pins are normally positioned between the com 
bination and driver pin, so that when the lock spindle 
is rotated by its key, the master pins frequently become 
wedged in a pin well or caught in a wrong position. This 
traps the key in an intermediate position, making it im 
possible to either open the lock or to turn the key back 
to its starting position for withdrawal. Consequently, 
such a malfunction renders the lock inoperative, and 
also may have a harmful effect on the reputation of the 
lock manufacturer. 

It is, therefore, a primary object of the present inven~ 
tion to provide an improved methocland apparatus for 
master keying tubular pin tumbler locks without the 
use of special master pins and master sleeves. 
Another object of the invention is to provide an im 

proved master keying method and apparatus of the 
foregoing type which minimizes failures and “lock 
outs” and, therefore, is more dependable and trouble 
free than master keying techniques used heretofore. 

It is a further object of the invention to provide an 
improved master keying method and apparatus of the 
type described above which provides innumerable pos 
sible combinations so that different master keys can be 
designed for groups of locks as desired, thereby making 
the master keying system feasible for use in locks which 
are manufactured commercially in large numbers. Yet 
another object of the invention is to provide such an 
improved master keying system which can also be used 
to provide grandmaster keying, great grandmaster key 
ing, sub-master keying, etc. 
A still further object of the invention is to provide 

such an improved master keying system which is com 
patible with mass production techniquesso that the 
locks and keys can be efficiently manufactured at high 
production rates and at a relatively low cost. 
Other objects and advantages of the invention will 

become apparent from the following detailed descrip 
tion taken in connection with the accompanying draw 
ings, in which: 
FIG. 1 is a perspective view of a tubular pin tumbler 

lock and service key embodying the invention, with a 
fragment of the lock removed to show the internal 
structure; 
FIG. 2 is an enlarged section taken along the line 

> 2-2 in FIG. 1 with the key removed from the lock; 
FIG. 3 is the same section shown in FIG. 2 with the 

change key inserted in the lock, with the position of the 
key when turned 90° shown in broken lines; 
FIG. 4 is a plan view of the lock taken along line 4-4 

‘in FIG. 2; 
FIG. 5 is the same section shown in FIG. 2 with a 

master key inserted in the lock; 
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FIG. 6 is a perspective view of one of the tumbler 

pins shown in FIG. 5 and a fragment of a cooperating 
change key; 
FIG. ‘7 is a perspective view of the tumbler pin shown 

in FIG. 6 and a fragment of a cooperating master key; 
?g. 8 is a linear illustration of a ?rst random selected 

combination of tumbler pins and a cooperating change 
key; 
FIG. 9 is a linear illustration of the same combination 

of tumbler pins shown in FIG. 8 and a cooperating mas 
ter key; 
FIG. 10 is a linear illustration of a second random se 

lected combination of tumbler pins and the same mas~ 
ter key shown in FIG. 9; 
FIG. 11 is a linear illustration of the second combina 

tion of tumbler pins and a cooperating master key dif 
ferent from the master key shown in FIG. 9; 
FIG. 12 is an enlarged perspective of the key shown 

in FIG. 1; and 
FIG. 13 is a block diagram illustrating a master, 

grandmaster and great grandmaster keying arrange 
ment in accordance with the invention. 
While the invention will be described hereinafter in 

connection with certain preferred embodiments, it is to 
be understood that it is not intended to limit the inven~ 
tion to these particular embodiments. To the contrary, 
the intention is to cover all alternatives, modi?cations 
and equivalents within the spirit and scope of the inven 
tion as de?ned by the appended claims. 
Turning now to the drawings and referring ?rst to 

FIGS. 1-4, there is shown a tubular pin tumbler lock 
having a spindle 10 journaled inside a barrel 11. One 
end 12 of the spindle 10 is threaded for connection to 
a latch element (not shown) controlled by the lock, 
while the other end 13 extends through the forward end 
of the barrel 11 to form an annular keyway 14 for re 
ceiving a tubular key 15. To look the spindle 10 to the 
barrel 1 1, a plurality of driver pins 16 extend across the 
interface 17 between an enlarged central portion 18 of 
the spindle 10 and an annulus 11a pressed into the rear 
body portion of the barrel 1 1, to prevent rotation of the 
spindle 10 relative to the barrel 11. More speci?cally, 
the driver pins 16 are disposed in circumferentially 
spaced holes or wells 19 extending axially through the 
spindle portion 18, and corresponding wells 20 are 

‘ formed in the annulus 11a. To seal the tumbler pins in 
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side the lock, plugs 21 are threaded into the outer ends 
of the wells 20, and small coil springs 22 are disposed 
within the wells 20 between the inner ends of the plugs 
21 and the rear ends of the driver pins 16 to bias the 
pins 16 toward the forward end of the lock. 
For the purpose of unlocking the spindle 10 from the 

barrel 1 1, a combination pin 30 is disposed in each well 
19 and extends forwardly therefrom into an enlarged 
annular cavity 31 formed by the barrel 11 around the 
outer periphery of the keyway 14 at the inner end 
thereof. The‘ biasing force exerted on the driver pins 16 
by the springs 22 normally urges the combination pins 
30 against the forward end wall of the cavity 31, 
thereby positioning the driver pins 16 across the inter 
face 17 to lock the spindle 10 to the barrel 11. How 
ever, when a key 15 is inserted into thekeyway 14, the 
key depresses both the combination pins 30 and the 
driver pins 16 until the interface 32 between each co 
operating pair of the pins‘ 30 and I6 is aligned with the 
spindle-barrel interface 17, thereby permitting rotation 
of the spindle 10 within the barrel 11. To permit opera 
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tion of the lock by only selected keys, the pins 30 and 
16 have different lengths, and notches 33 of different 
axial depths are formed in the end of the key 15 so that 
for any given combination of pin lengths the lock can 
be unlocked only by a key or keys having a correspond 
ing combination of notch depths. 

In order to provide the required orientation of the 
key notches 33 relative to the combination pins 30, the 
key includes a pair of tabs 34 and 35 (FIG. 12) project 
ing radially from the inner and outer surfaces, respec 
tively, at the forward end of the key. These tabs are 
adapted to ?t into a corresponding pair of grooves 36 
and 37 (FIG. 4) formed by the spindle 10 and the bar 
rel 1 1, respectively, on opposite sides of the keyway 14. 
To insert the key 15 into the keyway 14, the tabs 34 
and 35 must be aligned with the grooves 36 and 37, 
thereby ensuring proper orientation of the key notches 
33 relative to the combination pins 30. To facilitate 
alignment of the tabs 34 and 35 with the grooves 36 
and 37, a pointer 38 aligned with the tabs 34 and 35 is 
formed on the key handle. When the key is in its fully 
advanced position in the lock (FIGS. 1 and 3) the outer 
tab 35 is positioned within the cavity 31 so that it does 
not interfere with rotation of the key 15 and spindle 10 
relative to the barrel 1 1, while the inner tab 34 engages 
the spindle 10 to be rotated by the key. To remove the 
key 15 from the lock, the tab 35 must be re-aligned 
with the groove 37, thereby ensuring that each combi 
nation pin 30 is always aligned with the proper driver 
pin 16 when there is no key inserted in the look. 
When the key is inserted into the lock, it is stopped 

at the position where the front end of the key abuts the 
enlarged central portion 18 of the spindle 10. This stop 
position of the key, combined with the notches 33 in 
the key, determines the axial positions at which the re 
traction of the pins 30 and 16 are stopped when the key 
is fully inserted into the lock. 

In accordance with the present invention, at least 
certain of the combination pins form at least two differ 
ent axially spaced surfaces facing the keyway for coop 
erating with differently shaped notches in the end of a 
key advanced through the keyway. In order for both of 
the axially spaced surfaces of any given pin to be acces 
sible to a key in the keyway 14, the surface farther re 
movedfrom the keyway must extend radially beyond 
the pin surface located closer to the keyway. Thus, in 
the illustrative arrangement, each of the combination 
pins 30 is stepped to form a cylindrical head portion 
30a of relatively small diameter, and a base portion 30a 
of a larger diameter (FIGS. 6 and 7). Thus, the head 
end 40 and the shoulder 41 of the stepped combination 
pin 30 form two axially spaced surfaces for cooperating 
with differently shaped notches in the end of a tubular 
key 15. More specifically, the end surface 40 can be en 
gaged by the base of any key notch having a width at 
least as great as the diameter of the pin head 30a, while 
the shoulder surface 41 can be engaged by any key 
notch that has an axial dimension greater than that of 
the pin 30a and that forms a shoulder surface comple 
mental to the pin shoulder 41. 
FIGS. 6 and 7 illustrate more clearly how the pin sur 

faces 40 and 41 cooperate with differently shaped key 
notches. The key 15 in FIG. 6 forms a notch 33 with a 
width slightly greater than and an axial depth slightly 
less than the diameter and axial length, respectively, of 
the pin head 30a. Thus, when the key is inserted into 

' the lock, it slides over the pin 30 until the base of the 
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4 
notch 33 abuts the end surface 40 of the pin. Further 
advancement of the key then retracts the pin 30 and 
the corresponding tumbler pin 16 against the bias of 
the spring 22 until the leading end of the key abuts the 
forward end of the spindle portion 18, and at this point 
the interface of the pins 30 and 16 is aligned with the 
spindle-barrel interface 17 so that the key 15 can be ro 
tated to turn the spindle 10 within the barrel 11. 
The key 15 in FIG. 7 forms a notch 33 having a wide 

outer portion 33a with a width slightly greater than the 
diameter of the pin base portion 30b, and a narrow 
inner portion 33b slightly wider and larger than the pin 
head 30a. In the illustrative structure, the inner portion 
33b of the key notch has been shown as having an axial 
length only slightly greater than that of the pin head 
30a, but it will be understood that this is only the mini 
mum length of the narrow portion 33b of the notch and 
that it may have any desired greater length to accomo 
date pin heads 30a of varying length in different locks. 
When the key of FIG. 7 is inserted into the lock, it 
slides over the pin 30 until the shoulder 330 between 
the wideand narrow portions of the notch 33 abuts the 
shoulder surface 41 on the pin. Further advancement 
of the key then depresses the combination pin 30 and 
the corresponding driver pin 16 against the bias of the 
spring 22 until the leading end of the key abuts the 
spindle portion 18, at which point the interface of the 
pins 30 and 16 is aligned with the spindle-barrel inter 
face 17 so that the key 15 can be rotated to turn the 
spindle 10 within the barrel 11. 
At this point it will be appreciated that the stepped 

combination pins 30 can be utilized to provide a master 
keying system by maintaining the axial positions of se 
lected pin surfaces constant throughout any desired 
number of locks to be operated by a common master 
key, while varying the axial positions of the other pin 
surfaces in the same locks so that a different “change” 
key is required to operate each lock. For example, the 
individual change keys may act only on the end sur 
faces 40 of the pins, which can be located at a different 
combination of axial positions in each lock so that a dif 
ferent change key is required for each lock. The master 
key, on the other hand, may act only on the shoulder 
surfaces 41, which can be operated by the same master 
key. 
To more speci?cally illustrate how the stepped com 

bination pins 30 can be used to provide a variety of dif 
ferent master keying arrangements, several different 
combinations of pins, and corresponding keys, are illus 
trated in FIGS. 8-11 with the key in its fully advanced 
position against the spindle portion 18 in each ?gure. 
The axial lengths of the pins 30 and the corresponding 
key notches are speci?ed in arbitrary units of axial 
length, with the maximum length of a key notch arbi 
trarily ?xed at seven units. Thus, in FIG. 8 the combi 
nation of total notch lengths in the key 15' is 74463 and 

_ each of the ?ve notches acts on the end surface 40 of 
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the corresponding pin. That is, the outer end portions 
of the notches are wide enough to fit over the base por 
tions of the pins so that the head ends of the pins can 
penetrate through the entire depth of the narrow por 
tions of the notches. 

In FIG. 9 the same set of combination pins shown in 
FIG. 8 is operated by a master key 15" in which the 
combination of axial lengths of the wide notch portions 
is 32121, and each of the ?ve notches acts on the shoul 
der surfaces 41 of the pins. It can be seen that the two 
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different keys 15' and 15" in FIGS. 8 and 9 retract the 
five pins to exactly the same axial positions by acting 
on the two different operative surfaces 40 and 41 of the 
pins. The key 15" of FIG. 9 can be used as a mater for 
a large number of locks having pin heads 30a with dif 
ferent combinations of lengths and, therefore, requir 
ing different change keys 15'. For example, the depth 
of the narrow portion of the left-hand slot in the key 
15” is four units, so this particular notch will accomo 
date pins having head lengths of zero to four units. This 
is also true of the second and fourth notches from the 

. left in the key 15". The narrow portions of the other 
two notches are three units long, and thus will accomo 
date pin heads ranging from zero to three units in 
length. Within these ranges, of course, a variety of dif 
ferent combinations of pin head lengths can be devised. 

In FIG. 10 a different set of pins is operated by the 
same master key 15" shown in FIG. 3. This second set 
of pins differs from the ?rst set only in the lengths of 
the pin heads, which are 34233 within the limits of the 
narrow portions of the key notches. The base of the 
pins in FIG. 9 have the same combination of lengths as 
the pins of FIG. 8, namely 32121. Consequently, as far 
as the key 15" is‘ concerned both sets of pins are the 
same, since the key “sees” only the shoulder surfaces 
41. While the same master key 15" operates both sets 
of pins shown in FIGS. 1-3, it will be recognized that 
the two sets of pins require two different change keys. 
Thus, the change key that operates the pins in FIG. 10 
must have a total notch length combination of 66354, 
as constrasted with the change key 15' combination of 
74463. . 

The keys 15' and 15" illustrated in FIGS. 8-10 are 
designed to act exclusively on either the end surfaces 
40 or the shoulder surfaces 41 of the pins. However,’ 
the change keys and/or the master key may altema 
tively be designed to act on the end surfaces 40 of cer 
tain pins and the shoulder surfaces 41 of the other pins 
in the same lock. Thus, in FIG. 1 1 there is shown a third 
set of pins operated by a key 15"’ having wide notch 
portions of lengths 42121 and a narrow notch portions 
of lengths 22342. The two end notches and the middle 
notch act on the shoulder surfaces 41 of the respective 
pins while the other two notches act on the end sur 
faces 40. As in the case of key 15", there are a wide va 
riety of different possible pin combinations within the 
range of the key 15”’, so it can be used as a master key 
if desired. 7 

The stepped combination pins 30 can be used not 
only for master keying but also for grandmaster keying, 
great grandmaster keying, etc. For example, as illus 
trated in FIG. 13 locks A and B might be operated by 
a master key No. 1, locks C and D by a second master 
key No. 2, locks E and F by a third master key No. 3, 
and locks G and H by a'fourth master key No. 4. A ?rst 
grandmaster key No. 1 might then operate all the locks 
A-D served'by the two master keys No. 1 and'No. 2 
while a second grandmaster key No. 2 operates all the 
locks E—H served bymaster keys No. 3 and No. 4, and 
a great grandmaster key might operate all the locks 
A-I-l. A grandmaster key for the two different pin ar 
rangements shown in FIGS. 10 and 11, for example, 
could have a ?rstnotch with a wide portion 4 units long 
and a narrow portion 2 units long, and four other 
notches with wide portions 2, l, 2 and 1 units long, re 
spectively, and narrow portions at least 4, 3, 4 and 3 
units long, respectively. Such a grandmaster key would 
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6 
operate on the head of the ?rst pin and the shoulders 
of the other four pins. It will be appreciated that a wide 
variety of different service key combinations would be 
available for looks served by such a grandmaster key; 
that is the lengths of the head portions of four of the 
?ve pins, and the corresponding portions of the change 
key notches, could be varied over the entire range of 
lengths available beyond the lengths of the wide por 
tions of the key notches. 
While the invention has been described with speci?c 

reference to the use of cylindrical combination pins 
which are stepped to provide cross-sections of two or 
more different diameters along the lengths of the pins, 
it will be understood that the different axially spaced 
radial surfaces required by the invention may be pro 
vided with different cross-sectional con?gurations, 
such as square or triangular for example. Further, dif 
ferent cross-sectional con?gurations may be provided 
on a single pin; for example, the pins could be provided 
with head portions with a square cross-section and base 
portions with a circular cross-section, or vice versa. 
Similarly, the cross-sectional con?gurations of the pins 
may be varied around the circumference of the lock 
spindle as well as along the axis thereof, for example, 
some pins may have circular cross-sections and others 
square, and still others triangular, within the same lock. 
Thus, it can be seen that there are innumerable possible 
combinations that can be formed by varying the config 
uration and/or the dimensions of the drive pins in the 
axial and/or circumferential directions. 

In the foregoing description and in the drawings there 
has been shown illustrative axial pin tumbler lock ar 
rangement incorporating my invention wherein only 
?ve sets of pin tumblers are present. It will be appreci 
ated by those skilled in the art that the invention may 
be applied to any number of sets of pin tumblers in the 
locks whether it is '7 or 8, for example, and further 
more, the locks may include one or more of the present 
multiple diameter combination pins with conventional 
single diameter pins. 

1 claim as my invention: 
1. An axial pin tumbler lock comprising the combina 

tion of a spindle rotatably mounted in a barrel with the 
spindle barrel forming a radial interface and a plurality 
of cooperating axial wells for receiving combination 
and driver pins, a plurality of tumbler pins disposed in 
the wells in said barrel and spring biased across said ra 
dial interface into the wells in said spindle to lock said 
spindle against rotation in said barrel, a plurality of 
combination pins disposed in the wells in said spindle, 
said spindle and barrel forming a narrow annular key 
way for receiving a tubular key for engaging said com 
bination pins and retracting both the combination pins 
and the driver pins against the spring bias on said tum 
bler pins so as to align the interface between the combi 

' nation and driver pins with said interface between the 
spindle and barrel and thereby permit rotation of said 
spindle relative to said barrel, at least certain of said 
combination pins forming at least two different axially 
spaced surfaces facing said keyway for cooperating 
with differently shaped notches in the end of a key ad 
vanced through said keyway. 

2. An axial pin tumbler lock as set forth in claim 1 
wherein the combination pin surfaces spaced farther 
from the keyway extend radially beyond the combina 
tion pin surfaces located closer to the keyway. 
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3. An axial pin tumbler look as set forth in claim 1 
wherein said combination pins have cylindrical head 
portions of relatively small diameter, and cylindrical 
base portions of a larger diameter than said head por 
tions. 

4. An axial pin tumbler lock as set forth in claim 1 
wherein the combination pin surfaces located closer to 
the keyway are positioned at varying distances from the 
interfaces between said combination pins and said 
driver pins for operation by a ?rst key having notches 
adapted to engage said closer pin surfaces and of vary 
ing axial depth. 

5. An axial pin tumbler lock as set forth in claim 4 
wherein the combination pin surfaces located farther 
from the keyway are positioned at varying distances 
from the interfaces between said combination pins and 
said driver pins for operation by a second key having 
notches of varying axial depth and adapted to clear said 
closer pin surfaces and to engage said farther pin sur 
faces. 

6. A key as set forth in claim 5 wherein the key 
notches are stepped at varying axial distances from the 
forward end of the key for engaging pin surfaces lo 
cated at different axial distances from the interfaces be 
tween said combination pins and said driver pins. 

7. A method of master keying axial pin tumbler locks 
comprising the steps of providing a plurality of said 
locks with combination pins forming at least two differ 
ent axially spaced radial surfaces for cooperating with 
differently shaped notches in the end of keys for oper 
ating said locks, arranging said combination pins in said 
locks with a ?rst combination of said combination pins 
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8 
in said locks with a ?rst combination of said radial sur 
faces located at different axial positions in different 
locks so that different service keys are required to op 
erate said locks, and with a second combination of said 
radial surfaces located at the same axial positions in all 
the locks so that a single master key can be used to op 
erate all the locks. 

8. A method of grandmaster keying axial pin tumbler 
locks comprising the steps of providing said locks with 
combination pins forming at least two different axially 
spaced radial surfaces for cooperating with differently 
shaped notches in the ends of keys for operating said 
locks, 
arranging said combination pins in said locks with a 
?rst combination of said radial surfaces located ad 
different axial positions in different locks so that 
different service keys are required to operate said 
looks, 

with a second combination of said radial surfaces lo 
cated at the same axial positions in a ?rst selected 
group of said locks so that a ?rst master key can be 
used to operate all the locks in said first group, 

with a third combination of said radial surfaces lo 
cated at the same axial positions in a second se 
lected group of said locks so that a second master 
key can be used to operate all the locks in said sec 
ond group, and 

with a fourth combination of said radial surfaces lo 
cated at the same axial positions in all the locks so 
that a single master key can be used to operate all 
the locks. 

* * >l< * * 


