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Unlocking the
  Mysteries of
   Positional 

Master Keying

Positional master keying tends to be a strange 
duck to many locksmiths. The reason may 
be because it relies on tumbler positions to 

provide master keying capabilities, rather than using 
master pins in various cylinder chambers, the hall-
mark of conventional split-pin master keying. 

Schlage wafer locks, MIWA magnetic locks, Sar-
gent Keso and Kaba Gemini are some of the prod-
ucts that use this type of master keying. We will 
look at two of these systems, Kaba Gemini and 
Schlage wafer, to begin unlocking the mysteries of 
positional master keying.

How to use tumbler positions to make master keys —  
without adding master pins in a cylinder.

By william M. lynk, Crl 
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The Gemini line has evolved from its 
predecessors: Kaba 8, Kaba 14, Kaba 
Saturn, Kaba 20, Kaba 20S and Kaba 

Micro. Today, Kaba Gemini, the descen-
dent from this extensive line, consists of a 
reversible dimpled key, popular in Europe. 
It operates with a variety of shallow indents 
(dimples) on both sides of the blade of the 
key in varying patterns and depths, as well 
as on the top and bottom of the blade (edges). 
The pins must match the dimples exactly in 
location and depth or the cylinder plug will 
not turn. This concept is completely different 
from the split pin method of master keying of 
which most locksmiths are familiar. 

An exploded view of the Gemini (see Figure 
1) reveals that its construction is consider-
ably different than that of most conventional 
American cylinders. Notice the spring tum-
blers located on both sides of the cylinder, as 
well as on the top. This allows for countless 
key combinations using 16 chambers for 
pinning, as opposed to only six or seven in 
conventional split pin tumbler cylinders. 

Common in Europe within dimple key 
systems, positional master keying is in some 
ways easier to understand than conventional 
split-pin master keying. In positional master 
keying, there either is or isn’t a pin stack in a 
chamber — period.. This is similar to the bi-
nary system used many years ago by Schlage 
in their wafer locks. “Binary” simply means: 
there is, or there isn’t. This is also the basis 
for our complex computer systems of today, 
all based on 0s or 1s. 

Now, granted, the bottom pins in Gemini 
chambers can be one of four depths — #1, #2, 
#3 or #4. However, there are no master pins 

used. The strategy is to systematically prog-
ress each key change throughout all of the 
possible “positions” that the dimples could 
be placed on a key. It’s that easy (Figure 2).

Reading the Keys 

Kaba Gemini keys are handed, though 
the interpretation is unlike what 
most understand handing to 
be in the field. In this 
instance, hand-
ing does not refer 
to installation of 

Figure 1. This exploded view of the  
Gemini reveals that its construction is 

considerably different than that of most 
conventional American cylinders. Notice the 
spring tumblers located on both sides of the 

cylinder, as well as on the top.

Figure 2. A Kaba  
Gemini operating key.

Figure 3.  
The Kaba Gemini key  
bitting specifications.

The Kaba Gemini Line
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Key handing is determined as if the key 
were hanging on a key board. If the row that 
starts farther from the bow is on the left, it is 
a left-hand key. The opposite is true for the 
right-hand key. If the row that starts farther 
from the bow is on the right, it is a right-hand 
key. Occasionally there may be a composite 
key (Figure 4c), which is a combination of 
both and used in maison key systems. 

The positions of the dimples are read bow 
to tip, beginning with the hand side. Next 
the non-hand side is read. Finally the edge 
dimples are read (Figure 4d). All Kaba dimple 
designs (except Micro) contain four depths 
on the sides of the keys. 

A few words of caution: Kaba numbers the 
depths in reverse sequence to what we tradi-
tionally expect: #1 dimple is the deepest and 
#4 dimple is the shallowest (Figure 4e). This is 
similar to the ASSA bottom pin designations. 

Positive LocKing 

Positive locking occurs when a high cut (shal-
low cut) on a key forces a bottom pin up into 
the shell when it enters a cylinder it wasn’t 
designed to operate. This situation makes it 
virtually impossible to wiggle the wrong key 

Figure 4a. Notice the staggered orientation 
of the two rows of dimples on the Kaba key.

Figure 4b. The dimples can be drilled onto 
the key two ways.

Figure 4c. A composite key is a combination 
of a left- and right-hand key, and is used in 
maison key systems. 

Figure 4d. The positions of the dimples are 
read bow to tip, beginning with the hand 
side. Next the non-hand side is read. Finally 
the edge dimples are read (Figure 4d).

Figure 4e. Kaba numbers the depths in re-
verse sequence to what one might tradition-
ally expect: #1 dimple is the deepest and #4 
dimple is the shallowest.

Figure 5. Notice in these Gemini pin specifications that there is a deliberate lack of any 
master pins. Also, the numerical designations for the bottom pins are opposite typical 
manufacturer depths.

hardware or direction of rotation, but in-
dicates where the pin chambers are drilled 
into the cylinder, and accordingly, where the 
dimples are placed on the key.

Figure 4a shows the staggered orientation 
of the two rows of dimples on the Kaba key. 
Either row could start closer to the front of 
the cylinder. The opposite row would then 
start farther from the front. These orienta-
tions are referred to as right-hand or left-
hand. Figure 4b shows the two ways that 
dimples can be drilled onto the key. 
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into the cylinder and operate it. This becomes 
more reliable when more than one chamber in 
a cylinder creates this scenario, and by more 
increments (Figures 6a-6d). 

Positive locking does not rely solely on 
spring pressure to push top pins into the plug 
(negative locking does) to block wrong keys 
when they enter a cylinder. This protection 
feature becomes more evident when you con-
sider a key cut too deeply in many positions. 
Sometimes “wiggle-n-jiggle” action can ma-
nipulate a cylinder to open. Consider how a 
bump key is made (all deep cuts). 

Kaba’s master keying does not rely on nega-
tive locking (solely based on spring pressure 
and/or gravity) to push top pins up into the 
shell. Kaba’s rule is that positive locking in key 
systems must be by at least two increments. 

Notice in #1 (Figure 6a) the empty cham-
ber in the first position. The related key cut is 
also very high. Figure 6b illustrates a second 
cylinder shifting the empty chamber to the 
fourth position. Key #2 has a high cut in the 

4th position, which corresponds to the empty 
chamber in cylinder #2. After examination, 
it should be evident that the two bittings are 
identical except for the high cut positions. 
Notice now that when wrong keys are used in 
either of these cylinders, a high cut will block 
plug rotation in each case — positive locking.

This shows that it is nearly impossible for 
the “wrong” key to operate a cylinder in the 
same system when positive locking occurs, 
especially if it happens in more than one 
chamber and by enough of an incremental 
difference. A deep cut can sometimes be 
wiggled to manipulate a cylinder — but 
not with the use of positive locking. Again, 
Kaba’s positive locking rule: The incremental 
difference in a keying system must be by at 
least two increments. 

Figure 7a illustrates both positive and 
negative locking by featuring one pin cham-

Figures 6a and 6b. These images illustrate 
the correct keys entering each of the two 
different cylinders. The high cut matches the 
empty chamber.

Figures 6c and 6d. Notice that the keys were 
switched and will not operate the correspond-
ing cylinder. Positive locking occurs when a 
high cut (shallow cut) on a key forces a bottom 
pin up into the shell when it enters a cylinder 
it wasn’t designed to operate. This situation 
makes it virtually impossible to wiggle the 
wrong key into the cylinder and operate it.

Figure 6a. 
Cylinder #1

Figure 6b. 
Cylinder #2

Figure 6c. 
Cylinder #1

Figure 6d. 
Cylinder #2

Figure 
7b

Figure 7a. These images show positive and 
negative locking by featuring one pin cham-
ber in a cylinder for each instance.

Figure 
7c

Figures 7b-7c. These images illustrate 
how a master key operates in two different 
cylinders.

Figure 8. This cutaway diagram shows the 
pins arranged in three directions.

ber in a cylinder for each instance. Figures 7b 
and 7c illustrate how a master key operates 
in two different cylinders. Notice that the 
master key contains the appropriate cut in 
every position.  
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change Key 

PRogRessions

Let’s look at creating a specialized key bitting 
array so that we can set up a simple positional 
master key system for Kaba Gemini cylin-
ders. To begin, we will select a top master 
key with all deep cuts (#1 and #2 cuts) and 
rotate shallow #4 cuts on the change keys. 
To progress the system in an orderly man-
ner, one must: 
n decide how many #4 cuts to progress per 

each change key, and 
n keep track of their location in a sequential 

fashion.
The key bitting for Kaba Gemini is divided Figure 9. A Gemini key bitting example.

Figure 10.  
1-in-11 Progression. 
For visual clarity,  
skip a line under the 
master key row. 

Figure 10a. Abbreviated Progression

Figure 10b. Key Combination
Figure 10c. Cylinder  

Combination

X = #4 cut X = empty chamber

L 1 4 2 4 1 – 3 2 3 4 4 1 – 2 4 3 1 1 

Figures 10a-10c. The first chart shows the generation of 11 change keys that will not inter-
change. If you are in doubt, look at the second chart and imagine any one of the 11 keys enter-
ing one of the remaining cylinders. It won’t operate the cylinder. The third chart represents the 
actual pins to be placed in the cylinders.

gemini cyLindeR design 

Gemini master keyed cylinders are supplied 
left-hand (positions 2-4-6-8-10 on the edge). 
Stock non-master keyed cylinders are sup-
plied right-hand (positions 3-5-7-9 on the 
edge) so that stock cylinders supplied by 
Kaba will never operate a factory master 
keyed cylinder. Notice in the cutaway dia-
gram (Figure 8) that the pins are arranged in 
three directions. Sixteen chambers comprise 
the Gemini cylinder. 

into three parts: In the first part, the side bit-
ting is written from the row farthest from the 
bow (hand-side). The second part includes 
writing the side row. Finally, the third part 
is the non-hand side, the edge. All of the 
combination is written in a single row, bow 
to tip (Figure 9). 

chaRting 

We can easily establish our positional KBA-
type chart by showing the key combinations, 
which will actually be the cylinder combi-
nations as well. As described above, we will 
use #1s, #2s and #4s as key cuts/bottom pins 
(Figures 10a-c). Since we are only rotating the 
shallow cuts (#4s), we can simply list the #1 
or #2 cuts at the top of each column. This will 
allow us to use an Abbreviated Progression 
Chart, as shown in Figure 10a. 

One general rule of thumb is that the more 
key combinations needed (up to a point), 
the more #4 (shallow) cuts that will be re-
quired on each change key. That being said, 
it is mandatory that the same number of #4 
cuts be used in all keys of the same level of 
keying throughout the system. The follow-
ing example uses only one #4 cut per each 
change key. The edge bittings will not be 
considered at this time to make the example 
easier to follow. 

The Abbreviated Progression Chart (Fig-
ure 10a) is nothing more than the Key Com-
bination Chart (Figure 10B) with numerals 
omitted. That may appear strange at first; 
however, if you look to the top of each col-
umn, you will see the same numbers (fill 
down each column), with the exception of 
the progressed #4 cuts. This, in essence, 
leaves us with an almost empty bitting list. 
Only the #4 cuts (shallow) will be shown as 
they progress using the “X” symbol. Notice 
that the Cylinder Combination Chart (Figure 
10c) is a similar depiction of the Key Combi-
nation Chart with a small box representing 
an empty chamber. 

Again, Kaba Gemini positional master 
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keying is accomplished by leaving pins out. 
The “X” represents an empty chamber. This 
empty chamber also translates to a #4 shal-
low cut on the change key for that position. 
Notice that the key cuts in this example are 
almost identical, with the exception of the 
location of the #4 cuts (also the location of 
the empty chambers in the cylinders) provid-
ing positive locking. Here’s the rule: A #4 key 
cut = empty chamber (“X” or “ ”).

To begin the progression, start to the far 
right, but skip a line under the master key line. 
Don’t worry that the master key bitting is the 
same as the change key bittings. The master 
key will have the actual key cuts correspond-
ing to each position with no #4 shallow cuts. 

Figure 10a shows the generation of 11 
change keys that will not interchange. If 
you are in doubt, study Figure 10b and 
imagine any one of the 11 keys entering one 
of the remaining cylinders. It won’t operate 
the cylinder. Why? Because one chamber 
is causing positive locking and is being 
rotated among the 11 cylinders systemati-
cally. Based on the Kaba Gemini Factory 
Master Keying Rules, it is mandatory that 
there must exist at least two active pins in 
each Gemini cylinder to create enhanced 
product security even though this example 

Figure 11. This chart illustrates a 1-in-5 
progression.

Figure 12. This chart shows a 1-11 progres-
sion of the sides with a 1-in-5 progression of 
the edge.

Figure 13. It is possible to create a 2-in-5 
progression (as well as other possibilities) to 
create more change keys.

illustrates the point that it only requires one 
chamber to prevent key interchange. 

got the edge? 

The edge of the Kaba Gemini key really 
serves a dual purpose: 1) It can be used to 
generate more than only 11 bittings by ro-
tating through the additional five edge posi-
tions; and 2) It can serve to create additional 
masters (as in a 3-level system). 

First, we will look at how to generate addi-
tional bittings in a simple two level system. Fig-

ure 11 illustrates a 1-in-5 progression. Again, 
we begin to the far right and skip one line below 
the master key bitting at the top. The edge row 
of pins is independent of the two side cham-
bers. It allows us to rotate the 11 combinations 
in five distinct patterns, or: 11 change keys x 5 
master positions = 55 change keys.

Figure 12 shows us a 1-11 progression of 
the sides with a 1-in-5 progression of the 
edge. We have now expanded a simple 11-key 
system into a larger 55-key system with ab-
solutely no key interchange. Also, the master 
key will operate all 55 of the cylinders. 

It is also possible to create a 2-in-5 pro-
gression (as well as other possibilities) to 
create more change keys (Figure 13). Using 
this scenario, we will have ten edge combina-
tions to work with, providing for 110 change 
keys under one master: 11 change keys x 10 
master positions = 110 change keys.

At this point, if one is following the logic 
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in a row of four or five chambers is forbidden. 
The same exclusion would apply to combina-
tions with five empties in a cylinder of five 
or six chambers. Also keep in mind that the 
number of empties must be determined at 
system inception, as they cannot be arbitrarily 
added to later expand the system. 

Figure 15 illustrates the hierarchy of a Gem-
ini 3-level system, while Figure 16 shows the 
bittings for the five masters under the grand 
master key. Finally, Figure 17 is the abbrevi-
ated bitting list of three master key groups un-
der the GMK (33 change bittings). Notice the 
logical and sequential rotation of the empty 
chambers with both the master keys and the 
change keys, as designated by the “X.”

Figure 14. This chart illustrates how posi-
tionally progressing two chambers can be 
done. This arrangement, 2-11 progression, is 
the most common with Kaba Gemini.

Figures 15-16. The image at left shows the 
hierarchy of a Gemini 3-level system, while 
the one at right shows the bittings for the five 
masters under the grand master key.

Figure 15. A Grand Master Key System

Figure 16. Five MKs Under GMK A

Figure 17. The abbreviated bitting list of 
three master key groups under the GMK (33 
change bittings). Notice the logical and se-
quential rotation of the empty chambers with 
both the master keys and the change keys, 
as designated by the “X.”

This arrangement, 2-11 progression, is the 
most common with Kaba Gemini. 

To this point, we have created four pos-
sible master key systems by including the 
edge in our progressions: 

5 x 11 = 55 change keys 
10 x 11 = 110 change keys 
5 x 55 = 275 change keys 
10 x 55 = 550 change keys 
More changes can be created by rotating 

more “empties” on the sides. However, as we 
rotate more empties, there will be forbidden 
combinations that will have to be excluded 
from the system. Remembering the Kaba 
Factory Rule which stipulates that at least two 
active pins must be present in a cylinder, any 
combination with four empties, for example, 

of the sequential progressions of the empty 
positions, Figure 14 illustrates how position-
ally progressing two chambers can be done. 
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Perhaps the most well-known use of 
positional masker keying in the U.S. 
is the Schlage wafer lock, both key-

in-knob design and padlocks. This lock-type 
was researched for years and marketed for 
the first time by Schlage Lock Company of 
San Francisco in 1927. It was widespread 
globally and extremely popular through 
the 1970s. Oddly enough, today, it is an ex-
tremely popular lock for new construction 
in South America. 

A total of six key blanks were manufac-
tured for the Schlage wafer locks, though 
four of them have been discontinued (Figure 
18). The Type 1 (both handings) can be iden-
tified by the orientation of the “V” groove. 
If the cutout at the tip of the key is above the 
groove, it is a Type 1 key. If the cut out at the 
tip of the key is below the groove, it is a Type 
2 key. If the tip of the key is uncut, it is a Type 
0 key, usually used as a master or top master. 

Plug models that use these blanks are 
known as No. 10 model [right-hand] and No. 
20 model [left-hand]. The plugs are arranged 
to illustrate the handing wafer at the rear of 
the plug (note: the round part of the tumblers 
facing the viewer) (Figure 19). 

The handing wafer allows or disallows the 
proper blank from completely entering the 
plug. This wafer, called a master wafer, has 
no relationship to the combination key cuts. 
It only guards the plug for correct key blank 
use based on the “V” cut at the tip of the key. 
The key with the correct “V” cut will pass 
through the last master wafer. The term may 
be confusing because the master wafer has 
absolutely no relationship to the positional 
master keying of the cylinder. 

seRies and 

combination WafeRs

After viewing a plug with wafers inserted 
(with no key inserted), you can see that 
some of the wafers have a protrusion out 
of the plug, while some of the wafers are 
withdrawn into the plug. Those wafers that 

Schlage Wafer Locks

Figure 18. A total of six key blanks were manufactured for the Schlage wafer locks, though four 
of them have been discontinued.

extend out of the plug are called series wafers 
(Figures 20-23). 

If we insert a key blank into the same 
plug, a reversal of fortune happens. The se-
ries wafers, which were previously extended 
outside of the plug are now withdrawn into 
the plug, and the combination wafers, which 
were previously withdrawn into the plug 
without a key blank inserted, are now ex-
tending outward. 

Because this is a binary system, either a 
cut will be present on the key (.060”) or it 
will not be present. There are no variations 
of cut depths. In this scenario, it is the posi-
tions of the wafers/key cuts that determine 
plug operation. 

Optimally, each Schlage wafer plug will 
have only four combination wafers in various 
locations. The remaining wafers are series 
wafers. Obviously, the correct key cut loca-
tions will withdraw the combination wafers 
into the plug, to allow rotation. 

The combination wafers also have the 
attribute of being able to be placed into the 

Figure 19. Plugs are arranged to illustrate 
the handing wafer at the rear of the plug 
(note: the round part of the tumblers facing 
the viewer).
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PositionaL 

masteR Keying 

To understand the mechanics of master key-
ing the Schlage wafer lock, it is imperative 
that you recognize the fact that the series 
wafer extends into the shell when at rest or 
when a key cut is encountered. To withdraw 
the wafer for plug rotation, it must rest upon 
the uncut portion of the key blank. 

Imagine, if you will, the plug with no se-
ries wafers inserted. There would only be one 
master wafer and four combination wafers. 
When a key cut with all 14 cuts was inserted, 
the plug would turn — no problem. But if 
only one series wafer was inserted, the plug 
would not turn with all 14 cuts since that 
position would need to be a “0” cut (no cut) 
for the series wafer to retract — thus, the 
concept of positional master keying (Figures 
25 and 26).

The series wafer (only one) would be lo-
cated in one slot consistently in all cylinders 
within the master key system. Consequent-
ly, all change keys would require the four 
combination cuts in the correct positions, 
along with a “no cut” wherever the series 
wafer was placed. The master key would 
have cuts in all 13 positions, except for the 
position of the series wafer. This is one of 
the most clear-cut examples of positional 
master keying. 

change Key bittings 

Notice that any “occupied” position excludes 
its opposing position for active use. That is, 
if the combination wafer is in the first posi-
tion pointing down, its upper counterpart is 
unable to be used and is considered inactive. 
One position (top and bottom) is reserved for 
the series wafer, though only one of those 
positions will be active. This leaves four other 
possible positions for active use. 

In other words, there are six slots offer-
ing 12 possible active positions.  (Remem-
ber that one slot is reserved for the series 
wafer). When the first combination wafer 

Figures 20-23. After viewing a plug with wafers inserted (with no key inserted), you can see 
that some of the wafers have a protrusion out of the plug, while some of the wafers are with-
drawn into the plug. Those wafers that extend out of the plug are called series wafers.

Figure 20

Figure 22

Figure 23

Figure 21

plug up or down (a 180-degree difference), 
permitting twice as many possible posi-
tions for combinations. That translates into 
cuts on either side of the key bank. Again, 
all of the key cuts for this type of lock are 
at .060” in depth. Unlike split pin cylinders 
or other types of wafer tumbler locks, the 
Schlage wafer lock depends on positions for 
the combinations rather than multiple key 
depths. In just a moment we will investigate 
how positional master keying is applied to 
this lock type. 

Keys by code

The key cut combination for a Schlage Wafer 
lock is stamped directly onto the key bow 
and will consist of six numbers. The first two 
numerals on the key bow indicate either a 
10 model or 20 model plug. The remaining 
numerals signify the direct key cuts. 

A key stamped “1 0 4 7 0 3” would indicate 
a No. 10 blank and 4703 are the cuts from 
tip to bow. The plug has 14 numbered slots 
(Figure 24) for a visual orientation of this 
arrangement. 

Again, the numbering system begins at the 
rear of the plug and moves toward the plug 
face. Notice that odd numbers are designated 
for the bottom and even numbers are at the 
top of the plug. 
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is installed, 10 positions remain. When the 
second combination wafer is installed, eight 
positions remain. The third wafer leaves us 
with six positions, and the last wafer ends 
the available slots. 

The formula for determining the possible 
number of change keys is: 

Number of Active Positions / Number of 
Wafers Used: 12 x 10 x 8 x 6  / 4 x 3 x 2 x 1 = 
5,760 / 24 = 240

Since the keyway frames are handed, a 
total of 480 changes are possible with one 
series wafer in the same location. Since the 
series wafer can be relocated to form dif-
ferent systems, there is a possibility of 14 
different systems that can be created using 
one series wafer. It would also be possible to 
add a second series wafer, but the number 
of possible changes would diminish pro-
portionally, even though the security level 
would be greater.

The Schlage wafer lock is unique in its 
approach to cylinder keying through accom-
plishing key combinations by relocating wa-
fers to various positions rather than by vary-
ing the depths of cuts. Furthermore, master 
keying this type of lock is accomplished 
by eliminating wafers instead of adding to 
them. By systematically moving combina-
tion wafers throughout 12 locations with a 
no-cut series wafer to delimit an all-cut key 
from operating, the master key positionally 
uses all 13 cuts, minus the series wafer cut 
position to have authority to operate all locks 
in the system. 

What’s youR Position?

Positional master keying uses a truly unique 
technique to generate change keys and mas-
ter keys without adding master pins in a cyl-
inder. This is certainly the case with the Kaba 
Gemini cylinders. What’s more, the empty 
chambers are directly related to the higher 
authority of the master keys. 

The Schlage wafer locks employ a similar 
concept of “empty chambers” or empty slots 
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throughout the world.

Figure 24. The plug has 14 numbered slots for a visual orientation of this arrangement.

Figures 25-26. If only one series wafer was inserted, the plug would not turn with all 14 cuts 
since that position would need to be a “0” cut (no cut) for the series wafer to retract — thus, the 
concept of positional master keying.

Figure 25

Figure 26

to assist in generating a master key system. 
Master wafers are not involved in developing 
a master key system. Again, it is the position 
of the series wafer that determines how this 
binary master key system functions. 

Understanding and working with po-
sitional master keying can be a refreshing 
break from split-pin master keying for many. 
What’s your position? 

http://www.ICLSglobal.com
http://www.ICLSglobal.com
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