Master Lock's Combination Lock

43 mm

88 mm

74mm

Locked Unlocked
Physical size

In USA, this lock is widely used at lockers at schools and gyms from the young to the old. Most people have seen
and actually used it before (without knowing how it works, though).

I introduce the internal lock mechanism proficiently designed by Master Lock company.

First, read a “Step by step instruction” issued by Master Lock.


https://www.oguchi-rd.com/Accomplishment/Projects/Hobby/How%20to%20use%20a%20combination%20lock.pdf
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Facts

Cam #3 is made by metal and adhered on back of a knob.

Numbers from 0 through 39 are carved on the front knob to ease understanding the position.

Cam #2 and Cam #1 are made by plastic and rotate by getting rotation force through mutual contact of pegs.
Cam #3 has one peg to rotate Cam #2 as well as to specify the third unlock humber.

Cam #2 has one peg on both side each. One peg on the upper surface gets rotation force from a peg on Cam #3.
Another peg on the lower surface of Cam #2 contacts with a peg on Cam #1 and rotates Cam #1.

Cam #1 has one peg on the upper surface. The peg contacts with a lower peg of Cam #2 and gets rotation force.

Each cam has one deep notch to release a shackle latched (unlock) and has eleven shallow notches in order to
jumble a decryption trial done by numerous hackers as basic protection scheme of the lock.

The position of the deep and shallow notches is evenly made every 30 degrees (1 deep notch and 11 shallow
notches).

The peg can be positioned every 36 degrees (One of 10 different numbers can be programmed by changing one
of 10 different peg position as N_PTN[3:0] below where deep notch position is 34).

N_PTNO N_PTN1
04 8/12/16|20/ 24|28/ 32/36|1|5|9|13/17/21|25/29| -- |37
N_PTN2 N_PTN3

2/6/10/1418|22/26/30| -- |38|3|7|11|15/19|23/27 /31| -- |39

Hereinafter, numbers from 0 to 39 are taken to normalize the positioning of such peg and shallow notches.
(A) The physical width of both pegs and notches is 2.
(B) A shackle is unlocked when all three deep notches are aligned to 34.



Unlocking procedure of Master Lock's combination lock

Master Lock's combination lock is shipped along with the 3 numbers that specifies the position of Cam #1 (N1),
Cam #2 (N2), and Cam #3 (N3).

The position of lower peg on Cam #1 and Cam #2 does not have deep meanings. They are used to move Cam
#1 when (b) below. Accordingly, they can be positioned at any places other than the examples.

(1) Initialization

Rotating the knob clockwise more than two full turns initializes the positioning. All pegs are engaged and all Cam
#1, #2, and #3 rotate.

(2) Specifying the position of Cam #1

Turning clockwise must stop at N1 to specify the position of Cam #1.

(3) Specifying the position of Cam #2

Turning counterclockwise more than one turn and stop at N2 to specify the position of Cam #2. Cam #1 stays at
the previous position.

(4) Specifying the position of Cam #3

Turning clockwise and stop at first appearance of N3 to specify the position of Cam #3. Cam #1 and Cam #2
stay at the previous position. At this moment, the position of the three deep notches match at the position of
deep notch and the lock is unlocked by pulling up a shackle.

Appendix
How to find N1 by rotating knob

(1) Pull down a shackle to lock key.
(2) Rotate knob clockwise slowly pulling up the shackle and sense vertical movement of the shackle.
(3) Read the number by turning knob anticlockwise and clockwise on each vertical movement.

Example of the reading result

11 vertical movement are made by 11 shallow notches. It has narrow allowance of 1 (1-2,5-6,8-9, 11 - 12,
15-16, 18 - 19, 25 - 26, 28 - 29, 31 - 32, 35 - 36, 38 - 39).

Another vertical movement which has wide allowance of 2 (21 - 23) is made by a deep notch. N1 is 22 which is
central number of 21 and 23.



Possible "N1 — N2 - N3” combination when deep notch receptor on lock is placed at position 34

N1 0 N1 10 N1 20 N1 30
N2|2/ 6(10| 141822263034/ 38|N2|0|4| 8|12/16|20|24|28|32|36|N2|2|/6|10|14|18|22|26(30/34|38|N2|0|4| 81216 20|24 |28|32|36
N3 /0|4| 8(12/16|20|24|28|32|36|N3 10/14|18|22/26|30|/34|38|N3 |0/ 4| 8|12|16|20| 24| 28| 32| 36[N3 10/14|18|22|26|30| 34| 38
N1 1 N1 11 N1 21 N1 31
N2 11115192327 31| -- | 39| N2 9113172125 |29| -- | 37| N2 11115192327 31| -- | 39| N2 91317 /21|25|29| -- |37
N3 9 113|17|21125|29| -- |37|N3 11115192327 |31| -- |39|N3 9 113|17|2125|29| -- |37|N3 11115|19|23|27|31| -- |39
N1 2 N1 12 N1 22 N1 32
N2 0(4| 8(12/16|20|24|28|32|36|N2|2 1011418222630 34|38|N2| 04| 8/12|16|20 24| 28|32|36|N2|2 10/14|18|22|26|30| 34| 38
N3|2 610141822 263034/ 38|N3|0(4| 8|12/16|20/24|28|32|36|N3|2|/6|/10/14|18|22|26(30/34|38|N3|0|4| 8|/12|16|20|24|28|32|36
N1 3 N1 13 N1 23 N1 33
N2 9 113|17|2125/29| -- | 37| N2 11115192327 |31| -- | 39| N2 9 113|17|21|25/29| -- | 37| N2 11115|19|23|27|31| -- |39
N3 11115/19|23/27 31| -- | 39| N3 9 13|17|21|25|29| -- |37|N3 11115/19(23/27 31| -- | 39| N3 9 113|17|21|25|29| -- |37
N1 4 N1 14 N1 24 N1 34
N2|2 6|10 141822263034/ 38|N2|0|4| 8|12/16|20/24|28|32|36|N2|2|/6|10|14|18|22|26(30/34|38|N2|0|4| 81216 20|24 |28|32|36
N3 |0 /4| 8|12|/16|20|24|28|32|36|N3 10| 141822263034/ 38|N3|0/4| 8|12|16|20| 24| 28| 32| 36| N3 10| 14| 18|22 26|30| 34| 38
N1 5 N1 15 N1 25 N1 35
N2 11115/19|23|27|31| -- | 39| N2 9 13|17|21|25|29| -- | 37| N2 11115/19|23|27|31| -- | 39| N2 9 13|17 |21|25|29| -- |37
N3 9 113117|21|25|29| -- |37|N3 11115/19|23|27|31| -- |39|N3 9 113117|21|25|29| -- |37|N3 11115/19|23|27|31| -- |39
N1 6 N1 16 N1 26 N1 36
N2 |0 /4| 8|12/16|20|24|28|32|36(N2|2 10| 14)18|22|26|30| 34| 38|N2| 04| 8|12|16|20| 24| 28| 32|36|N2 |2 10| 14| 18|22 26|30| 34| 38
N3 /2(6(/10(14/18|22/26|30/34|38|N3|0|4| 8|12/16|/20(24|28|/32|36|N3|2/6(10|14|18|22|26|30|34|38|N3|0|4| 8|12|16|20|24|28|32| 36
N1 7 N1 17 N1 27 N1 37
N2 |1 9 13|17|21|25/29| -- | 37| N2 11115|19|23|27|31| --|39|N2|1 9 113|17|21|25|29| -- | 37| N2 11115|19|23|27|31| -- |39
N3 11115192327 31| -- |39|N3 911317 |2125|29| -- |37|N3 11115192327 31| -- |39|N3 91317 |21|25|29| -- |37
N1 8 N1 18 N1 28 N1 38
N2 2(6(10(14/18|22/26|30|34|38|N2|0|4| 8|12|16|/20(24|28|32|36|N2|2/6(10|14|18|22|26|30|34|38|N2|0|4| 8|12|16|20|24|28|32| 36
N3 |0/ 4| 8|12)16|20|24|28|32|36|N3 10| 14/18|22|26|30|34|38|N3|0|/4| 8|12|16|20|24|28|32| 36| N3 10| 14| 18|22 26|30| 34| 38
N1 9 N1 19 N1 29 N1 39
N2 11115192327 |31 | -- | 39| N2 9113172125 |29| -- | 37| N2 11115192327 31| -- | 39| N2 91317 |21(25|29| -- |37
N3 1|5/ 9 |13/17|2125/29| -- |37|N3 11115/19|23|27|31|--|39|N3|1|/5| 9 |13|17|21|25|29| -- |37|N3 11115/19|23|27|31| -- |39

See concrete examples of 18 - 20 - 38", "38 - 12 - 22", and "8 - 30 - 16" below.




Concrete examples of unlock procedure and internal three cams' movement

Notch Color Peg Color
Deep notch | [ |Cam #3 peg | Green
Shallow notch| Gray |Cam #2 pegs| Blue
Cam #1 peg |Yellow
333333333322222222221111111111
|18 - 20 -38| 9876543210987654321098765432109876543210
I!IIIIIIIIIIIIIIIII!I!IIIIIIIIIIIIIIIIII
Rotate Cam #3 over two full turns to engaze pegs on Cam (#3 & #2) and Cam (#2 & #1). —_—
Stage#1 |Cam#3 TCI— I T — T T T T T T T T T T T W T T [T T T T
N1 I : |
. Cam#2 I T T 71T W T T T 711 I I — -  —
Clockw ise : : : |
rotation Com#l I T T T T T T T T T T T T T T T -1 I —T 1]
. [ Rotate Cam #3 until at position  18.
<——— 'Rotate Cam #3 one full turn to engazé pegs on Cam (#3 & #2).
Stage #2 |Cam#3 —I—T—1 S I S N S N S S S N N S I S— . — 1
N2 f :
Anticlockw isd Cam#2 [ |: I - Y I S N [ [ — - — i_i | I— - Il_i 1T 1
rotation Cam#1 TT—1I—mr1 | | | | | 1 1 1 1T 1
: . Rotate Cam #3 until at position  20.
: . —_—
Stage#3 |Cam#3 CI I mWW T T T T T T T T T T T T T T T T T T 1T
N3 = 1
, Cam#2 IT—T®™ T T T T T 1T T T 1T T T T T 1T T 71T T T 1T
Clockw ise - ] ]
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Rotate Cam #3 until at position 38. Deep notches on Cam #3, #2, #1 are aligned (unlocked!).
333333333322222222221111111111
|38 -12 -22| 9876543210987654321098765432109876543210
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Rotate Cam #3 over two full turns to engaze pegs on Cam (#3 & #2) and Cani( #1). —_—
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Stage #1 Cam#2 [ T 1 N I I I N O B - [1T—1 71
N1 : L
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rotation =
Rotate Cam #3 until at position  38. ,
< 'Rotate Cam #3 one full turn to ehgaze pegs on Cam (#3 & #2)
Stage #2 |Cam#3 mT—IT—I G N — I — I — - T T T T T T T
N2 Cam#2 T T W T—T T—T 1 —T T !__II [T T T 1T 11
Anticlockw ise ) ] :
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() . Rotate Cam #3 until at position  12.
: f —
Stage#3 [Cam#3 TCITIWW T T T T T T T T T T T T T T T T T T 17
N3 : | 1
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Rotate Cam #3 until at posiion 22. Deep notches on Cam #3, #2, #1 are aligned (unlocked!).




333333333322222222221111111111
|8-30—16| 9876543210987654321098765432109876543210
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Rotate Cam #3 over two full turns to engaze pegs on Cam (#3 & #2) and Cam (#2 & #1).; —_—
Stage#1 |Cam#3 C T T—T T—T W T T T T T T T T T T I i}
N1 . : : I__I
Clockw ise Cam#2 CI—11 T T T T T T T T T 1 7 D
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] . - Rotate Cam #3 until at position
<—— Rotate Cafn #3 one full turn to engaze pegs on Cam (#3 &#2).
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Anticll(\l)ikwisecam#z 1 - — i_ll_lll T T T T 1 | - I|I_|| I ]
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EEE  Rotate Cam #3until atposition  30.
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Rotate Cam #3 until at position 16. Deep notches on Cam #3, #2, #1 are aligned (unlocked!).




