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Description
Technical field

[0001] The presentinvention relates to a method and an apparatus for sequential printing of characters on a medium.
The present invention further relates to a method and an apparatus with wheels having unique profile of ratchets and
grooves to achieve sequential printing.

Background and prior art

[0002] The main use of numbering isidentification, verification and security besides quantifying the amount. Numbering
is the simplest method for giving uniqueness to the products manufactured in an identical process. Besides numbering,
there can be other ways (e.g. alphabetical sequence or symbols) for giving uniqueness to the final products. But such
methods are often found to be complicated and cannot quantify instantaneously.

[0003] There are many methods of numbering. The most popularly used is conventional numbering which is suitable
for sequential numbering of single identical (token) output of a manufacturing process. The instruments which are used
for numbering tokens from minimum to maximum number is called numbering box. Identical numbering boxes can be
used in the conventional numbering system for numbering of multi-output processes. Any numbering box can generate
any number within the desirable range. Special care has to be taken, so that there is no duplication of numbers in case
of multi-products numbering in conventional numbering system

[0004] EP1389524 describes a "Numbering process and numbering box to carry out the process", the numbering box
for typographic numbering in sheet or web fed printing machines, said box numbering with p digits k*n items on said
sheets or web for allowing a sequential collecting of said items in the finishing and collating process of layers of q sheets
or of a web cut into layers of q sheets, wherein said box carries out a purely sequential actuation for digits | to s.
[0005] Indian currency notes are printed with 40, 50, 60, 36 etc number of notes on a single sheet at a time. Moreover
100 sequential tokens (notes) are to be packed at the final output and 10 sequential packets will form 1000 sequential
notes (tokens), which is called one bundle.

[0006] Ina conventional system, the numbering pattern for’n’ Cycle to produce 'm’ products per cycle will be as follows:

Ay A premeeeeemmmme e Aim )
R As
Az" A"' "T Number of
" : ' Cycle
An| A.n2 """""""""""""" Anm )

[0007] Inthe above example, the numbering boxes of A4 and A,, cannot be set serially, because after one cycle A,
will be equal to previous setting of A;,. So after processing of all the cycles, we will get the serial numbering like A4,
Asq, Azg, ......Any and similarly from another column. If A,, is set to the next number of A, then A, to A, will form the
sequence. In this way A4, to A, can form a serial sequence. Hence, in partial processing we will not get serial tokens.
Thus we have to wait till the completion of numbering to get all the tokens in serial order. Hence no automation can be
implemented for further processing like packing unless all cycle is completed. Hence Conventional System is not suitable
for unique sequential numbering of multi tokens output process.

[0008] SPaNS (Sequential Packet Numbering System) is another numbering system that was invented to minimize
the above drawbacks in the Conventional System. SPaNS is used in the processing of sheets having tokens/packets
in the multiple of 10 per sheet. For example fifty packets (for 50 notes per sheet) are obtained after cutting one block
(100 sheet) in SPaNS, which will produce 5 bundles. Each bundle having tokens numbered of least significant three
digits 001 to 000, as for example, first note number 000001 to 1000t note (bottom note of the bundle) number 001000.
The above 5 bundles produced from one block are not in sequence. Normally, the above process is done in a decrement
pattern that is, from maximum number to minimum number. This is called backward numbering.

[0009] From the above two methods bundles in complete sequence cannot be obtained. So even after applying the
SPaNS fully sequential bundle are not achieved, which is highly required for further processing like packing. Here manual
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arrangement is required after completion of cutting of all 20000 sheets (to produce 1000000 notes and 50 notes per
sheet). Hence no automation can be implemented between cutting and packing in any similar printing press of the world
where sequential bundle packing is required.

[0010] Primarily, in order to overcome the limitations as cited above, the numbering system of the present invention
is developed. This numbering system is applicable for processing of sheets having tokens (eg. notes) in the multiples
of 10 per sheet.

Objects of the invention

[0011] The primary object of the present invention is to provide a method and an apparatus for sequential printing of
characters on a medium.

[0012] An object of the present invention is to provide a method and a numbering apparatus with wheels having unique
profile of ratchet and grooves to achieve sequential printing.

[0013] Anotherobjectofthe presentinventionis to provide a method and a numbering apparatus to achieve sequentially
numbered bundle of sheets/notes.

[0014] Another object of the presentinvention is to provide a method and a numbering apparatus to achieve sequential
numbers by generating unique set of numbers from each of plurality of numbering boxes.

[0015] Yet another object of the present invention is to provide a method and a numbering apparatus to completely
avoid any manual interference during the sequential process involving printing, cutting and packing.

Summary of the invention

[0016] The present invention provides a method and an apparatus for sequential printing of characters on a medium
like sheets. The apparatus of the present invention is a numbering box having a plurality of numbering wheels which
are in turn provided with unique profile of ratchets and grooves to achieve sequential printing and thereby complete
automation ranging from Printing, Cutting and packing of media bundles. The numbering wheels are provided with a
unique combination of ratchet and groove profiles, said profiles disposed on the side-surfaces of the respective wheels.
The first numbering wheel is a unit wheel with a combination of ratchet and groove profile. The tenth wheel with a
combination of a grooved and a non-grooved ratchet. The 100t and 1000th wheels provided with a combination of
uniquely designed multiple grooves and ratchets. The 10000t and 100000 wheels are provided with a single grooved
ratchet. The wheels of the numbering box are operably interconnected by means of actuating pawls. The present
invention also provides a method for sequential printing of characters, wherein the desired sequential initialization of
characters/numbers that are required to be printed on a sheet initially is performed by suitably adjusting printing face of
the numbering wheels of all numbering boxes. The numbering boxes are arranged in a unique combination in the form
of a matrix of maximum rows (mr) and maximum columns (mc), to print on the first sheet. Printing of numbering boxes
is performed row wise starting from first row (i.e, row mr). After printing the first sheet, the numbering boxes are actuated
and the printing faces of the wheel change according to the profiles of the ratchet and grooves. Thereafter printing of
characters on the second sheet occurs and printing is continued for next 99 sheets. After 100t" sheet the first number
box of the 101st sheet is assigned a suitable value by using the character profile of 100th and 1000t wheels. Finally,
printing of sheets from 101st sheet onwards is performed till desired maximum number of sheets is printed, to obtain
sequential numbered bundles; said sequence from 1015t sheet is according to last numbering box of the 100th sheet.

Brief description of the drawings
[0017]

Fig 1 depicts the numbering box apparatus of the present invention

Fig 2, which is provide in continuous series, depicts an exemplary embodiment of ratchet and groove profiles of
wheels of the numbering box for printing 50 up sheets

Fig 3 depicts the additional unique 100th and 1000t wheels that are required to print 20 and 40 up sheets in addition
to the ones depicted in Fig 2.

Detailed description of the invention

[0018] The present invention provides a method and a numbering apparatus with wheels having unique profile of
ratchets and grooves to achieve sequential printing of characters on sheets. By adopting the method of the present
invention the steps of printing, cutting and packing is totally automated.

[0019] The preferred embodiments of the present invention are explained in conjunction with the accompanied dia-
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grams. The present invention provides a numbering apparatus for sequential printing of characters. The numbering
apparatus comprises a plurality of numbering wheels. An external view of a single numbering box unit is shown in Fig
1. The numbering box of the present invention comprises an outer casing (3) which is made out of hard metal and this
casing (3) accommodates the entire numbering box assembly. The side walls of the casing (3) have a circular slot driven
through them at the center. A crank housing (4) which is made up of hard metal is placed within the casing (3). The
crank housing (4) is dimensionally adjusted so as to fit perfectly within the casing (3). Circular slots are disposed in the
crank housing (4) so as to be in perfect alignment with the circular slots of the side walls of the casing (3). A metallic
cylindrical shaft member is disposed within the crank housing (4) extending from the circular slot of one side wall of the
crank housing (4) to the circular slot of the other side wall of the crank housing (4). A plurality of numbering wheels is
mounted on the cylindrical shaft member. The wheels are mounted on the shaft with a slide fit, which enables friction
free rotation of the wheels along with the shaft. The wheels are circular in shape having ten digits (characters) engraved
on the periphery of each wheel. The mirror images of the required digits are engraved on the periphery of each wheel,
as per the required sequence. The plurality of numbering wheels will be in use depending on the application. For example,
to print one million note pieces minimum six numbering wheels are used, to number from 000000 to 999999. The
1000000th note is produced in different process or one additional wheel may be incorporated for the same. For the above
numbering, the numbering box shall have 6 numbering wheels i.e. from unit wheel to 1 lakh wheel. In practice, each
numbering box is provided with 6 numbering wheels, 1 blank wheel, 3 prefix wheels. The prefix wheels may be numeric
or an alphabet. The prefix wheels are fixed through out the numbering of the million notes. These prefix wheels are of
both numeric and alphabet type and are used according to denomination. The format of numbering of any currency
note, cheque or any other documents wherever there is a requirement of generating numbers in sequence is generally
as follows:

0AN # 123456

B

Prefix Numeric
wheels wheels

Blank
wheels

[0020] According to the wheel structure the prefix wheels are normally in three categories (a) Numeric: These wheels
are having ten numeric digits 0,9,8,7,6,5,4,3,2,1, (b) Alphabetic-I: These wheels are having alphabets of A,B,C,D,E,F,
G,H,K,L and (c) Alphabetic-ll: These wheels are having alphabets of M,N,P,Q,R,S,T.U,V,W. Any combination of the
above may be made according to the application. The above said digits and alphabets are generally called Characters.
Mirror image of these characters is engraved always on the wheel but leading edge of these characters will be placed
nearer to the next lower digit or away from lower digit depending on the direction of document flow. The relative position
of the all wheels depends on the document flow as well as requirement. Each of the numbering wheels of the numbering
box is depicted externally in the numbering box apparatus of the present invention as shown in Fig 1.

[0021] The first six numbering wheels are mechanically linked. This mechanical link comprises three components viz,
the ratchet profile, the groove profile and the actuating pawls (2). The shapes of the ratchet and the groove profiles are
uniquely arranged for different numbering wheels. The Fig 1 as an exemplary embodiment depicting the ratchet and
groove profiles of the numbering wheels of a single numbering box-1 out of 50 numbering boxes. The crank housing
(4) also comprises a pair of actuating pawls (2). The actuating pawls (2) are spring controlled pivoted catches, and have
the function of engaging with the ratchet wheel to prevent reverse motion. One of the actuating pawls (2) provided with
a pair of teeth on it and is called a two-teeth actuating pawl (2) and the other actuating pawl (2) is provided with five
teeth on it and is called five-teeth actuating pawl (2). The spring loaded actuating pawls (2) are mounted on the crank
housing (4) by means of fastening pins. The apparatus of the present invention showed in Fig 1, shows a numbering
box with actuating lever (1) provided on the left hand side of the numbering box. Fig 1 also shows the actuating pawls
(2) at the opposite side or right hand side of the numbering box. In an embodiment of the present invention, the numbering
wheels are arranged such that the unit wheel is disposed on the right hand side. However, it is also within the purview
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of this invention to have a numbering box with actuating lever (1) on the right hand side of the numbering box and the
actuating pawls (2) on the left hand side of the numbering box.

[0022] The actuating lever (1) of the numbering box is provided with a prime mover. The prime mover and the actuating
lever (1) on actuation of the numbering box cause the actuating pawl (2) to engage the numbering wheels and set the
face characters to be printed.

[0023] The plurality of numbering wheels are disposed on the cylindrical shaft member, in the following sequential
manner; with the unit wheel placed at one end followed by the tenth wheel, 100t wheel, 1000t" wheel, 10000t wheel
and 100000t wheel. Optionally, an additional wheel can also be provided to print an additional character. Each of these
numbering wheels is provided with a combination of ratchet and groove profiles disposed on the side surfaces of the
numbering wheels. The placement of the grooves on the ratchet depends on the placement of actuating pawl (2) with
respect to printing face.

[0024] The unit wheel is embossed with a combination of a single groove and a ratchet on the right-side of the unit
wheel. The unit wheel for all the numbering boxes is same and is shown in Fig B 1.1 of Fig 2. The unit wheel is operably
connected to the first tooth of the two-teeth actuating pawl (2). Immediately after the unit wheel, the tenth wheel is placed
on the cylindrical shaft member. The tenth wheel is a unique wheel and is embossed with a combination of single groove
and a ratchet on its left side and a non-grooved ratchet on its right side. The tenth wheel for all the numbering boxes is
same and its right side with the non-grooved ratchet is shown in Fig B 1.2 of Fig 2. The grooved ratchet of the tenth
wheel is as shown in Fig B 1.2A shown in Fig 1. The non-grooved ratchet of the tenth wheel is operably connected
with the second tooth of the two-teeth actuating pawl (2). The 100th wheel is placed adjacent to the tenth wheel on the
cylindrical shaft and is embossed with a combination of multiple grooves and a ratchet on its left side. The 100t having
a combination of multiple grooves and a ratchet is as shown in Figs B.1.4,B1.5,B1.6,B1.7,B1.8,B 1.9,B 1.10, B
1.11, B 1.12, B 1.22 of Fig 2. The other possible type of 100t wheel Fig B1.3 is shown in Fig 3. The 100t" is operably
connected with the second tooth of the five-teeth actuating pawl (2). The 1000t wheel is placed adjacent to the 100t
wheel on the cylindrical shaft and is embossed with a combination of multiple grooves and a ratchet on its left side. The
types of multiple grooves on the 1000t wheel is shown in Figs B 1.13, B 1.14, B 1.15, B 1.18, B 1.19, B 1.20, B 1.21
(The preceding 7 figures of Fig 3), B1.23, B.1.24, B 1.25, B 1.26, B 1.27, B 1.28, B 1.29, B 1.30, B 1.31, B1.32 of Fig
2. The 1000t wheel is operably connected with the third tooth of the five-teeth actuating pawls (2). The 10000t wheel
is placed adjacent to the 1000th wheel on the cylindrical shaft and is embossed with a single grooved ratchet on its left
side as shown in Fig B 1.16 of Fig 2. The 10000th wheel is operably connected with the forth tooth of the five-teeth
actuating pawl (2). The 100000t wheel is placed adjacent to the 10000t wheel on the cylindrical shaft. The 100000t
wheel is operably connected with the fifth tooth of the five-teeth actuating pawl (2) and is provided with a ratchet and a
single groove on its left side as shown in Fig B 1.17 of Fig 2.

[0025] Itis also an embodiment of the presentinvention, a method wherein printing sequential characters is described.
The method of printing characters is performed using the numbering box apparatus of the present invention. By referring
to Fig 1, 2 & 3, a plurality of numbering boxes is used to achieve said sequential printing and said plurality of numbering
boxes is arranged in a matrix made up of rows and columns. The matrix is made of maximum rows (mr) and maximum
columns (mc). The value mr indicates the maximum number of rows that are present in the matrix and mc indicates the
maximum number of columns that are present in the matrix. The combination of mr rows and mc columns can be
arranged in a matrix to form 50 or 40 or 20 numbers. The value of mr and mc will depend on the system used. In case
of a system to print 50 numbers on a sheet, the various combinations of values of mr and mc can be, mr=5 and mc=10
or mr=10 and mc=5 or mr=25 and mc=2 or mr=2 and mc=25. The present embodiment utilizes the matrix of mr value
10 and mc value 5. However, it is within the purview of this invention, to have different desired values for maximum
number of rows and columns as per the requirement of a user, by suitably modifying the matrix.

[0026] Accordingly, for instance, in case of a requirement to print 40 set of numbers on a sheet, the values of mr and
mc are mr=5 and mc=8 or mr=8 and mc=5 or mr=10 and mc=4 or mr=4 and mc=10 or mr=20 and mc=2 or mr=2 and
mc=20 respectively. Similarly, in case of a system to print 20 set of numbers on a sheet, the values of mr and mc are
mr=2 and mc=10 or mr=10 and mc=2 or mr=5 and mc=4 or mr=4 and mc=5 respectively.

[0027] The method of present invention is explained by considering a requirement to print 50 set of numbers on a
sheet. Therefore, the values of mr and mc used in the present system are mr=10 and mc=>5 respectively. The numbering
boxes in every cell of the matrix are unique i.e. numbers generated from any one numbering box cannot be generated
by any other boxes. For instance, if there is a printing requirement for 20 and 40 up sheets, in addition to the unique
numbering wheels as shown in Fig 2, the 100th and 1000t wheels are substituted for the corresponding 100t and
1000th wheels of Fig 3. This is applicable to the system to print 20, 40 as well as 50 set of numbers on a sheet.
[0028] The arrangement of the numbering boxes (50 ups) of the present invention in a matrix form is depicted in the
Table 1:
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Table 1
Box 50 | Box40 | Box30 | Box20 | Box 10
Box49 | Box39 | Box29 | Box19 | Box 09
Box 48 | Box38 | Box28 | Box18 | Box 08
Box 47 | Box37 | Box27 | Box17 | Box 07
Box 46 | Box36 | Box26 | Box16 | Box 06
Box 45 | Box35 | Box25 | Box15 | Box 05
Box44 | Box34 | Box24 | Box14 | Box 04
Box 43 | Box33 | Box23 | Box13 | Box 03
Box42 | Box32 | Box22 | Box12 | Box 02
Box41 | Box31 | Box21 | Box11 | Box 01

[0029] The numbering boxes (for 50 ups) are arranged in the matrix to print first sheet. The arrangement of the
numbering boxes in the matrix is also done in the following sequence. The first numbering box is disposed at matrix
location of (mr) x (mc), thereafter the second numbering box is disposed at matrix location of (mr-1) x (mc). The next
consecutive numbering boxes are disposed in succeeding matrix locations from the second numbering box. The (mr
-10)th numbering box is disposed at matrix location of (mr) x (mc -1). Thereafter, the next consecutive numbering boxes
are disposed by performing the above steps of disposing the first, second and consecutive numbering boxes iteratively,
till the disposition of last numbering box. The last numbering box is disposed at the matrix location of (mr-9) x (mc-4).
[0030] After placing the numbering boxes in the specific sequence as provided above, a pre-determined initial value
of the numbering wheels, to print the initial sequence of numbers on the first sheet is manually set for all the numbering
boxes. These numbering wheels range from the unit wheel to 100000th wheel. The adjacent numbering boxes in the
matrix are set to a value (numerical sequential value) difference of 100 row wise and a value difference of 1000 column
wise from each other. The numbering box in each column of the matrix will have a value difference of 1000 from the
numbering box in the adjacent column of the matrix and the numbering box in each row of the matrix will have a value
difference of 100 from the numbering box in the adjacent row of the matrix.

[0031] After the initial setting of all the numbering boxes is done, then printing of the numbering boxes is performed.
The printing of characters of the numbering boxes is performed initially on the first sheet by positioning and striking the
respective wheels of the numbering boxes onto the sheet of paper placed below the numbering boxes. This printing is
executed by simultaneous printing of all numbering boxes of (mr) row initially and then all numbering boxes of (mr-1)
row and thereafter till (mr-9) row. The printing is performed row wise with each row printed at a given point of time.
Subsequently, the numbering boxes of the next row i.e. the second row or (mr-1)th row are printed. This printing sequence
is continued row-wise till all the numbering boxes in the last row or (mr-9)th row are printed. On completion of printing
of the numbering boxes of the last row of the matrix, the printing of characters on the second sheet is initiated. Prior to
the printing of the second sheet the numbering boxes are actuated row-wise by means of an actuating lever (1). On
actuation, the number values on the numbering wheels are decremented by 1 and the 2nd sheet is printed. By following
the steps of further actuation of numbering boxes, the printing of next series sheets is performed till the completion of
next 99 sheets.

Actuation process

[0032] The actuation of the numbering wheels occurs in a conjunction to each other. The actuation of the wheels is
achieved by means of actuating pawls (2). The numbering wheels are operably interconnected to one another by means
of actuating pawls to provide pre-determined decremental sequential numbering actuation. The pre-determined sequen-
tial numbering actuation occurs by means of a combination of actuating pawls and the ratchet and groove profiles. There
are two actuating pawls (2), the first actuating pawl (2) is a two-teeth actuating pawl (2) and the second is a five-teeth
actuating pawl (2). During actuation, the actuating lever (1) of the numbering box is actuated. The actuation of the
actuating lever of the numbering box is transmitted initially to the two-teeth actuating pawl (2). On receiving the actuation,
the first tooth of the two-teeth actuating pawl! (2) engages with the ratchet of the unit wheel. The unit wheel rotates by
one number on being pushed by the first tooth of the two-teeth actuating pawl (2). This rotation of the unit wheel takes
place for every actuation of the actuating lever (1). The unit wheel comprises characters (numbers) ranging from 0 to 9
engraved on its surface. On exhaustion of range of numbers on the unit wheel i.e. changing over of the unit wheel from
0 to 9, the first tooth of the two-teeth actuating pawl (2) enters the groove of the unit wheel. The second tooth of the two-
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teeth actuating pawl (2) is operably connected to the first tooth of the two-teeth actuating pawl (2), to engage and rotate
the tenth wheel by one number. The tenth wheel rotates by a single number on every change over of the unit wheel
from 0 to 9. When the tenth wheel holds 0 as the value on its printing face, the first tooth of the five-teeth actuating pawl
(2) operably enters into the groove of the tenth wheel and the second tooth of the five-teeth-actuating pawl (2) actuates
the hundredth wheel. The 100th wheel rotates by one number when the tenth wheel holds 0 and when the tenth wheel
is not holding 0 the 100t wheel is fixed and non-rotating. On changing over of 100th wheel from 0 to 9 or 9 to 0 or from
n to n+1 or additional rotation with 9 if required to accommodate ten digits on one wheel, the second tooth of the five-
teeth-actuating pawl (2) enter the groove of the 100t wheel for printing 50 numbering boxes. On changing over of
characters of the 100th wheel either from 0 to 9 or from 9 to 0 or from n to (n+1), the second tooth of the five-teeth-
actuating pawl (2) enters the groove of the 100th wheel for printing 20 and/or 40 numbering boxes . Here, the value of
n is selected from 0, 1, 2, 3, 4, 5, 6, 7, or 8. When the second tooth of the five-teeth actuating pawl (2) enters into the
groove of the 100t wheel, the third tooth of the five-teeth actuating pawl (2) actuates the 1000t wheel. On changing
over of the 1000t wheel from 0 to 9 or from 4 to 9 or from 3 to 9 or from 3 to 8 or from 2 to 8 or from 2 to 7 or from 1 to
7 or from 1 to 6 or from 0 t0 6 or from O to 5 for 50 up sheets or from 1 to 8 or from 0 to 9 or from 1 to 7 or from 3 to 9
or from 0 to 7 or from 2 to 9 or from 0 to 6 or from 2 to 8 for 40 up sheets or from 0 to 9 or from 1 to 9 or from 0 to 8 for
20 up sheets, the third tooth of the five-teeth-actuating pawl (2) enters the groove of the 1000t wheel. When the third
tooth of the five-teeth actuating pawl (2) enters into the groove of the 1000t wheel, the forth tooth of the five-teeth
actuating pawl (2) actuates the 10000t wheel. On changing over of the 10000t wheel from 0 to 9, the forth tooth of the
five-teeth actuating pawl (2) enters the groove of the 10000th wheel. When the forth tooth of the five-teeth actuating
pawl (2) enters into the groove of the 10000t wheel, the fifth tooth of the five-teeth actuating pawl (2) actuates the
100000 wheel. On changing over of the 100000t wheel from 0 to 9 the 1000000th wheel is actuated (if there is any).
[0033] The rotation of higher order wheel depends on the change over of the just next lower order wheel e.g. rotation
of 10th wheel depends on the change over of unit wheel. The unit wheel ratchet which faces the frame of the numbering
box gets actuated when the actuating lever (1) is actuated. In turns the actuating lever (1) actuates the crank housing
(4), leading the spring-loaded two-teeth actuating pawls (2) to engage with the unit wheel. On the opposite side of the
numbering wheels spring loaded retaining pawls permits only a single rotation of a numbering wheel during actuation.
The curvature of the ratchet grooves correspond to the curvature of the actuating pawl. The unit wheel will be actuated
at every actuation of the actuating lever (1). The actuating lever is disposed on either side of the numbering box.
[0034] The result of printing boxes of the present invention for the first sheet that is printed using 50 numbering boxes
is shown below in Table 2,

Table 2
995100 | 996100 | 997100 | 998100 999100
995200 | 996200 | 997200 | 998200 999200
995300 | 996300 | 997300 | 998300 999300
995400 | 996400 | 997400 | 998400 999400
995500 | 996500 | 997500 | 998500 999500
995600 | 996600 | 997600 | 998600 999600
995700 | 996700 | 997700 | 998700 999700
995800 | 996800 | 997800 | 998800 999800
995900 | 996900 | 997900 | 998900 999900
996000 | 997000 | 998000 | 999000 | 1000000

[0035] The 100t sheet that is printed using 50 numbering boxes is shown in Table 3

Table 3
995001 | 996001 | 997001 | 998001 | 999001
995101 | 996101 | 997101 | 998101 | 999101
995201 | 996201 | 997201 | 998201 | 999201
995301 | 996301 | 997301 | 998301 | 999301
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(continued)

995401 | 996401 | 997401 | 998401 | 999401
995501 | 996501 | 997501 | 998501 | 999501
995601 | 996601 | 997601 | 998601 | 999601
995701 | 996701 | 997701 | 998701 | 999701
995801 | 996801 | 997801 | 998801 | 999801
995901 | 996901 | 997901 | 998901 | 999901

[0036] On completion of printing on the 100" sheet, the 1018t sheet is to be printed. Before printing on the 101st sheet,
the first numbering box is assigned a new value. This assignment is performed by using the character profile of 100th
and 1000t wheels. The value that is assigned to the first numbering box is obtained by decrementing the value in the
numbering box at the matrix location (mr-9) x (mc-4) of the 100t sheet by 1. Thereafter the first numbering box of the
101st sheet will contain the value of the last numbering box of the 100th sheet, subtracted by 1.

[0037] The values of all other numbering boxes is obtained using the same logic used above for assigning values to
the numbering boxes of the first sheet.

[0038] On printing the 1015t sheet all the steps of printing and actuation are performed repeatedly as described above,
till the desired number of sheets is printed.

[0039] The character, ratchet and groove profiles of the 100th wheel is as shown in Fig B1.22,B.1.4,B1.5,B 1.6, B
1.7,B1.8,B 1.9, B 1.10, B 1.11, B 1.12 of Fig 2, where the matrix configuration is mr = 10 and mc = 5. The character,
ratchet and groove profiles of the 100t wheel, is as shown in Fig B1.3 (Fig 3), B.1.4,B1.5,B 1.6, B 1.7, B 1.8, B 1.9,
B 1.10, B 1.11, B 1.12 of Fig 2, where the matrix configuration is mr = 8 and mc = 5. The character, ratchet and groove
profiles of the 100th wheel, is as shown in Fig B1.3 (Fig 3), B.1.4,B1.5,B1.6,81.7,B1.8,B1.9,B1.10,B 1.11,B
1.12 of Fig 2, where the matrix configuration is mr = 10 and mc = 2. The character, ratchet and groove profiles of the
1000th wheel, is as shown in Fig B1.23, B.1.24, B 1.25, B 1.26, B 1.27, B 1.28, B 1.29, B 1.30, B 1.31, B 1.32 of Fig
2, where the matrix configuration is mr = 10 and mc = 5. The character, ratchet and groove profiles of the 1000th wheel,
is as shown in Fig B1.18, B.1.19, B 1.20, B 1.21 of Fig 3, where the matrix configuration is mr = 8 and mc = 5. The
character, ratchet and groove profiles of the 1000t wheel, is as shown in Fig B1.13, B1.14, B1.15 of Fig 3, where the
matrix configuration is mr = 10 and mc = 2.

[0040] After the first 100 sheets are printed, the 5 bundles having the sequential note numbers as described below
are formed.

1st Bundle
999001 to 1000000

2nd Bundle
998001 to 999000

3rdBundle
997001 to 998000

4th Bundle
996001 to 997000

5th Bundle
995001 to 996000

[0041] After the next 100 sheets are printed, the 5 bundles having the sequential note numbers as described below
are formed.

6th Bundle
994001 to 995000

7th Bundle
993001 to 799000

8th Bundle
992001 to 599000

oth Bundle
991001 to 399000

10th Bundle
990001 to 199000

[0042] Similarly, all other bundles will come out from cutting machine sequentially. Inferring from the above example
it is clear that automatic packing machine can be attached with cutting machine easily. Thus the sequence of printing,
cutting and packing can be carried out in perfect flow communication with each other.

The medium for printing sequential characters is selected from any medium where sequential printing of characters is
required, preferably sheets, banknotes, securities and passports.

[0043] Further, as an exemplary embodiment, the description of the wheels incorporating the ratchet and groove
profiles for printing 50 up sheets is provided in the following tables. The details provided in the tables are better understood
if read along the respective figures as indicated in the tables.
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Table-4

Fig. Nos. of wheels Numbering box-wise for 50 UPS

Numbering Box no. | Unit 10th 100th 1000th 10000th 100000th
1 Fig B1.1 | FigB1.2 | Fig B1.22 | Fig B1.23 | Fig B1.16 | Fig B1.17
2 -do- -do- Fig B1.4 Fig B1.24 | -do- -do-
3 -do- -do- Fig B1.5 -do- -do- -do-
4 -do- -do- Fig B1.6 -do- -do- -do-
5 -do- -do- Fig B1.7 -do- -do- -do-
6 -do- -do- Fig B1.8 -do- -do- -do-
7 -do- -do- Fig B1.9 -do- -do- -do-
8 -do- -do- Fig B1.10 | -do- -do- -do-
9 -do- -do- Fig B1.11 | -do- -do- -do-
10 -do- -do- Fig B1.12 | -do- -do- -do-
11 -do- -do- Fig B1.22 | Fig B1.25 | -do- -do-
12 -do- -do- Fig B1.4 Fig B1.26 | -do- -do-
13 -do- -do- Fig B1.5 -do- -do- -do-
14 -do- -do- Fig B1.6 -do- -do- -do-
15 -do- -do- Fig B1.7 -do- -do- -do-
16 -do- -do- Fig B1.8 -do- -do- -do-
17 -do- -do- Fig B1.9 -do- -do- -do-
18 do- -do- Fig B1.10 | -do- -do- -do-
19 -do- -do- Fig B1.11 | -do- -do- -do-
20 -do- -do- Fig B1.12 | -do- -do- -do-
21 -do- -do- Fig B1.22 | Fig B1.27 | -do- -do-
22 -do- -do- Fig B1.4 Fig B1.28 | -do- -do-
23 -do- -do- Fig B1.5 -do- -do- -do-
24 -do- -do- Fig B1.6 -do- -do- -do-
25 -do- -do- Fig B1.7 -do- -do- -do-
26 -do- -do- Fig B1.8 -do- -do- -do-
27 -do- -do- Fig B1.9 -do- -do- -do-
28 -do- -do- Fig B1.10 | -do- -do- -do-
29 -do- -do- Fig B1.11 | -do- -do- -do-
30 -do- -do- Fig B1.12 | -do- -do- -do-
31 -do- -do- Fig B1.22 | Fig B1.29 | -do- -do-
32 -do- -do- Fig B1.4 Fig B1.30 | -do- -do-
33 -do- -do- Fig B1.5 -do- -do- -do-
34 -do- -do- Fig B1.6 -do- -do- -do-
35 -do- -do- Fig B1.7 -do- -do- -do-
36 -do- -do- Fig B1.8 -do- -do- -do-
37 -do- -do- Fig B1.9 -do- -do- -do-
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(continued)

Fig. Nos. of wheels Numbering box-wise for 50 UPS
Numbering Box no. | Unit 10th 100th 1000th 10000th 100000th
38 -do- -do- Fig B1.10 | -do- -do- -do-
39 -do- -do- Fig B1.11 | -do- -do- -do-
40 -do- -do- Fig B1.12 | -do- -do- -do-
41 -do- -do- Fig B1.22 | Fig B1.31 | -do- -do-
42 -do- -do- Fig B1.4 Fig B1.32 | -do- -do-
43 -do- -do- Fig B1.5 -do- -do- -do-
44 -do- -do- Fig B1.6 -do- -do- -do-
45 -do- -do- Fig B1.7 -do- -do- -do-
46 -do- -do- Fig B1.8 -do- -do- -do-
47 -do- -do- Fig B1.9 -do- -do- -do-
48 -do- -do- Fig B1.10 | -do- -do- -do-
49 -do- -do- Fig B1.11 | -do- -do- -do-
50 -do- -do- Fig B1.12 | -do- -do- -do-
Table-5
Fig. Nos. of wheels Numbering box-wise for 40 UPS
S1. No. Of Numbering Box | Unit 10th 100th 1000th 10000th 100000th
1 Fig B1.1 | FigB1.2 | FigB1.3 | FigB1.18 | Fig B1.16 | Fig B1.17
2 -do- -do- Fig B1.4 | Fig B1.19 | -do- -do-
3 -do- -do- Fig B1.5 | -do- -do- -do-
4 -do- -do- Fig B1.6 | -do- -do- -do-
5 -do- -do- Fig B1.7 -do- -do- -do-
6 -do- -do- Fig B1.8 -do- -do- -do-
7 -do- -do- Fig, B1.9 | -do- -do- -do-
8 -do- -do- Fig B1.10 | -do- -do- -do-
9 -do- -do- Fig B1.11 | -do- -do- -do-
10 -do- -do- FigB1.12 | -do- -do- -do-
11 -do- -do- Fig B1.3 | Fig B1.20 | -do- -do-
12 -do- -do- FigB1.4 Fig B1.21 | -do- -do-
13 -do- -do- FigB1.5 | -do- -do- -do-
14 -do- -do- Fig B1.6 | -do- -do- -do-
15 -do- -do- Fig B1.7 -do- -do- -do-
16 -do- -do- Fig B1.8 -do- -do- -do-
17 -do- -do- Fig B1.9 -do- -do- -do-
18 -do- -do- Fig B1.10 | -do- -do- -do-
19 -do- -do- FigB1.11 | -do- -do- -do-
20 -do- -do- FigB1.12 | -do- -do- -do-
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(continued)

Fig. Nos. of wheels Numbering box-wise for 40 UPS

S1. No. Of Numbering Box | Unit 10th 100th 1000th 10000th 100000th
21 -do- -do- Fig B1.3 | Fig B1.18 | -do- -do-
22 -do- -do- Fig B1.4 Fig B1.19 | -do- -do-
23 -do- -do- Fig B1.5 | -do- -do- -do-
24 -do- -do- Fig B1.6 | -do- -do- -do-
25 -do- -do- Fig B1.7 -do- -do- -do-
26 -do- -do- Fig B1.8 -do- -do- -do-
27 -do- -do- Fig B1.9 -do- -do- -do-
28 -do- -do- Fig B1.10 | -do- -do- -do-
29 -do- -do- FigB1.11 | -do- -do- -do-
30 -do- -do- FigB1.12 | -do- -do- -do-
31 -do- -do- Fig B1.3 | Fig B1.20 | -do- -do-
32 -do- -do- Fig B1.4 | Fig B1.21 | -do- -do-
33 -do- -do- Fig B1.5 | -do- -do- -do-
34 -do- -do- Fig B1.6 | -do- -do- -do-
35 -do- -do- Fig B1.7 -do- -do- -do-
36 -do- -do- Fig B1.8 -do- -do- -do-
37 -do- -do- Fig B1.9 -do- -do- -do-
38 -do- -do- Fig B1.10 | -do- -do- -do-
39 -do- -do- Fig B1.11 | -do- -do- -do-
40 -do- -do- FigB1.12 | -do- -do- -do-
Table-6
Fig. Nos. of wheels Numbering box-wise for 20 UPS
S$1. No. Of Numbering Box | Unit 10th 100th 1000th 10000th 100000th
1 Fig B1.1 | FigB1.2 | Fig B1.3 FigB1.13 | Fig B1.16 | Fig B1.17
2 -do- -do- Fig B1.4 FigB1.14 | -do- -do-
3 -do- -do- Fig B1.5 -do- -do- -do-
4 -do- -do- Fig B1.6 -do- -do- -do-
5 -do- -do- Fig B1.7 -do- -do- -do-
6 -do- -do- Fig B1.8 -do- -do- -do-
7 -do- -do- Fig B1.9 -do- -do- -do-
8 -do- -do- Fig B1.10 | -do- -do- -do-
9 -do- -do- Fig B1.11 | -do- -do- -do-
10 -do- -do- Fig B1.12 | -do- -do- -do-
11 -do- -do- Fig B1.3 FigB1.13 | -do- -do-
12 -do- -do- Fig B1.4 FigB1.15 | -do- -do-
13 -do- -do- Fig B1.5 -do- -do- -do-
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(continued)

Fig. Nos. of wheels Numbering box-wise for 20 UPS
S1. No. Of Numbering Box | Unit 10th 100th 1000th 10000th 100000th
14 -do- -do- Fig B1.6 -do- -do- -do-
15 -do- -do- Fig B1.7 -do- -do- -do-
16 -do- -de Fig B1.8 -do- -do- -do-
17 -do- -do- Fig B1.9 -do- -do- -do-
18 -do- -do- Fig B1.10 | -do- -do- -do-
19 -do- -do- Fig B1.11 | -do- -do- -do-
20 -do- -do- Fig B1.12 | -do- -do- -do-

Electronic verification system

[0044] Due to excess contact pressure between inking roller and wheels, wrong rotation of wheel(s) may occur, causing
wrong numbering. It may continue if there is no on-line checking system. To avoid an error in the printing sequence, a
suitable electronic verification system is implemented in the present invention.

[0045] As the prefix wheels are fixed for all sheets to be printed, these prefix wheels are locked and no automatic
verification system is essential for them. By referring to Fig. 2, each wheel normally contains ten numeric characters.
Ten discrete patterns are to be generated to identify the printing face. In binary system minimum 4 bits encoder per
wheel can do the job successfully. Due to space constraints three-state magnets (North Pole (N), South Pole (S) and
without pole (say O)) are used. As stated below, reading any three magnetic positions can generate 27 different states.

Table 7

SL. NO | Orientation of Magnetic | SL. No. | Orientation of Magnetic | SL.No | Orientation of Magnetic

Pole Pole Pole
1 NSN 11 00O 21 ONN
2 ONS 12 0oo0s 22 0ss
3 SON 13 OSN 23 NNO
4 0Sso 14 SNN 24 NNN
5 NOS 15 NNS 25 SOS
6 ONO 16 NSS 26 SSO
7 OON 17 SSS 27 NON
8 SO0 18 SSN
9 NSO 19 SNO
10 SNS 20 NOO

[0046] Among 27 states two sets of ten discrete states (SL. No. 1-10 and SL. No. 11-20) are highlighted on the above
table. Any other permutation (having ring counter in nature) can be formed and used in suitable application. Magnetic
poles/blank (O) may be incorporated in gap between two digits on the wheel as shown in the drawing of wheel by putting
arrow. It may be also cleared that any magnetic orientation of pole can be used for any digit on wheel. Hence, by this
method each position out of ten positions of wheel is detected.

For example, the 15t set of magnetic orientation can be used to identify the printing face as stated in Table 8

Table 8
Printing Face | Magnetic orientation
0 NSN

12
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(continued)

Printing Face | Magnetic orientation
1 ONS

SON

0Sso

NOS

ONO

OON

SO0

NSO

SNS

Ol Nl | WOW|DN

[0047] The three Hall Effect Sensors that are disposed on the numbering box, are used to detect the orientation of
the magnetic pole of each wheel. These sensors may be fixed at any suitable place to read successive magnetic poles
on the wheel to detect digit, which is going to be printed as shown in Fig 2. After reading magnetic orientation of all
numeric wheels of each box (except prefix wheels), the processing unit generates numbering pattern of each box, which
is going to be printed. These numbering patterns of all boxes are compared with the predefined input data according to
numbering system in used. Hence, any wrong rotation of any wheel can be detected by applying the verification system
and the machine is stopped for further corrective action.

[0048] The method for the printing of sequential characters can be explained with the help of the following examples:

Example 1

Method of printing sequential characters for 50 up sheets and the corresponding Numbering boxes are ex-
plained below:

[0049] Numbering boxes used for numbering of 50 up sheetis mentioned in Table 1. The arrangement of the numbering
boxes depends on the delivery schedule of the packets in the cutting machine.

[0050] The printing of numbers follows the backward printing of numbers. In this system 50 continuous numbered
packet (10X 5 packets = 5 bundles) are obtained after processing 100 sheets in the cutting and packing machines and
subsequent bundles received after processing of next block. The pattern is followed for all the packets.

Structure of wheels:

[0051] Digits mentioned in the Table-4 are printed on the printing face.
[0052] Unit wheel: Unit wheel of every position is identical in nature. It will rotate after every impression.

Table A1
Numbering Box no | Digits : on the wheel | Actuation of 10t wheel Drawing No.
1to 50 0,9,8,7,6,5,4,3,2,1 Every change over from "0" to "9" of unitwheel | B1.1

10th Wheel: 10th wheel of all boxes is similar. It will rotate at the change over of unit wheel from "0" to "9".

Table B1
Numbering Box no | Digits on the wheel | Actuation of 100th wheel Drawing No.
110 50 0,9,8,7,6,5,4,3,2,1 | When 10t wheel holds "0" B1.2

100t Wheel: It will only rotate along with unit wheel, when 10t wheel holds digit "0". Every wheel contains with two
digits as shown below.

13
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Table C1
Numbering Digits on the Actuation of 1000t Figure
Box no wheel wheel
1,11,21,31,41 0,9,9,9,9,9,9,9,9,9 | Everychange overfrom"0"to"9"and"9"to "0" digit of 100th wheel | B1.22
and thrice additional rotation along with "9" of 100t wheel.
2,12,22,32,42 9,8,8,8,8,8,8,8,8,8 | Everychange over from "n" to "n+1" digit of 100th wheel (where n B1.4
313233343 | 8777777777 |- 012345678 B1.5
4,14,24,34 .44 7,6,6,6,6,6,6,6,6,6 B1.6
5,15,25,35,45 6,5,5,5,5,5,5,5,5,5 B1.7
6,16,26,36,46 | 54,4,4,4,4,4,4,4,4 B1.8
7,17,27,37,47 4,3,3,3,3,3,3,3,3,3 B1.9
8,18,28,38,48 3,2,2,222227272 B1.10
9,19,29,39,49 2,1,1,1,1,1,1,1,1,1 B1.11
10,20,30,40,50 | 1,0,0,0,0,0,0,0,0,0 B1.12
Table D1
1000t wheel:
Numbering Box no | Digitsonthe 1000thwheel | Actuation of 10,000t wheel. Figure
1 0,9,9,9,9,544,4,4 Every change overfrom"0" to "9" digit of 1000thwheel | B1.23
21010 9,4,9,4,9,4,949,4 Every change overfrom"4"to"9" digit of 1000thwheel | B1.24
11 9,8,8,8,8,4,3,3,3,3 Every change overfrom"3"to "9" digit of 1000thwheel | B1.25
12 to 20 8,3,8,3,8,3,8,3,8,3 Every change over from"3"to "8" digit of 1000thwheel | B1.26
21 8,7,7,7,7,3,2,2,2,2 Every change over from"2"to "8" digit of 1000thwheel | B1.27
22 to 30 7,2,7,2,727,27,2 Every change overfrom"2"to"7" digit of 1000thwheel | B1.28
31 7,6,6,6,6,2,1,1,1,1 Every change overfrom"1"to"7" digit of 1000thwheel | B1.29
32t0 40 6,1,6,1,6,1,6,1,6,1 Every change overfrom"1"to "6" digit of 1000thwheel | B1.30
41 6,5,5,5,5,1,0,0,0,0 Every change overfrom"0" to "6" digit of 1000th wheel | B1.31
42 to 50 5,0,5,0,5,0,5,0,5,0 Every change over from"0"to "5" digit of 1000thwheel | B1.32

10,000t wheel:

Table E1
Numbering | Digits on the wheel | Actuation of 100,000t Figure
Box no wheel
1to 50 0,9,8,7,6,5,4,3,2,1 | Everychange overfrom"0"to "9" digit of 10,000t" wheel | B1.16

100,000t Wheel: 100,000 wheel of every position is identical in nature.
It contains with "0,9,8,7,6,5,4,3,2,1" digits.

14
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Table F1
Numbering Box no | Digits on the wheel | Actuation of 1000,000th wheel Figure
1to 50 0,9,8,7,6,5,4,3,2;1 | Every change over from "0" to."9" digit of 10,000th wheel (If B1.17

there is any wheel).

To print more than one million pieces, extra wheels like 100,000t wheel need to be incorporated. In the last wheel no
groove is required.

Example 2

[0053] Numbering boxes used for numbering of 40 up sheetis mentioned in Table 9. The arrangement of the numbering
boxes depends on the delivery schedule of the packets in the cutting machine.

The printing of numbers follows the backward printing of numbers. In this system 40 continuous numbered packet (10X
4 packets = 4 bundles) are obtained after processing 100 sheets in the cutting and packing machines and subsequent
bundles received after processing of next block. The pattern is followed for all the packets.

Table 9
Box no.-40 Boxno.-32 Boxno.-24 Boxno.-16 Boxno.-8
Box no.-39 Boxno.-31 Boxno.-23 Boxno.-15 Boxno.-7
Box no.-38 Boxno.-30 Boxno.-22 Boxno.-14 Boxno.-6
Box no.-37 Boxno.-29 Boxno.-21 Boxno.-13 Boxno.-5
Box no.-36 Boxno.-28 Boxno.-20 Boxno.-12 Boxno.-4
Box no.-35 Boxno.-27 Boxno.-19 Boxno.-11 Boxno.-3
Box no.-34 Boxno.-26 Boxno.-18 Boxno.-10 Boxno.-2
Box no.-33 Boxno.-25 Boxno.-17 Boxno.-9 Box no.- 1

Structure of wheels:

[0054] Digits mentioned in the Table-5 are printed on the printing face.
[0055] Unit wheel: Unit wheel of every position is identical in nature. It will rotate after every impression.
Table A2
Numbering Box no | Digits on the wheel | Actuation of 10th wheel Drawing No.
1t040 0,9,8,7,6,5,4,3,2,1 | Everychange over from"0" to "9" of unitwheel | Fig B1.1

10th Wheel: 10th wheel of all boxes is similar. It will rotate at the change over of unit wheel from "0" to "9".

Table B2
Numbering Box no | Digits on the wheel | Actuation of 100th wheel Drawing No.
1to 40 0,9,8,7,6,5,4,3,2,1 | When 10t wheel holds "0" | Fig B1.2

100t Wheel: 100t wheel of every position is identical in nature. It will only rotate along with unit wheel, when 10t wheel

holds digit "0". Every wheel contains with two digits as shown below.

Table C2
Numbering Box no | Digits on the wheel | Actuation of 1000t wheel Drawing No.
1,11,21,31 0,9,9,9,9,9,9,9,9,9 | Every change over from "0" to "9" and "9" to "0" digit of | Fig B1.3

100t wheel
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(continued)

Numbering Box no | Digits on the wheel | Actuation of 1000t wheel Drawing No.
2,12,22,32 9,8,8,8,8,8,8,8,8,8 Fig B1.4
3,13,23,33 8,7,7,7777,7,77 Fig B1.5
4,14,24,34 7,6,6,6,6,6,6,6,6,6 Fig B1.6
5,15,25,35 6,5,5,5,5,5,5,5,5,5 N Fig B1.7
6,16,26,36 54,4.4.444.444 a’ﬁgec:a:%‘ei"ze,rgof 5?6?07,23;1 digit of 100 wheel ™, "o 4g
7,17,27,37 4,3,3,3,3,3,3,3,3,3 Fig B1.9
8,18,28,38 3,2,22222222 Fig B1.10
9,19,29,39 2,1,1,1,1,1,1,1,1,1 Fig B1.11
10,20,30,40 1,0,0,0,0,0,0,0,0,0 Fig B1.12
1000t wheel:
Table D2

Numbering Box no | Digitsonthe 1000thwheel | Actuation of 10,000t wheel Figure

1 0,9,9995,4,44,4 Every change over from"0"to "9" digitof 1000thwheel | B1.23

2to 10 9,4,94949494 Every change overfrom"4"to "9" digit of 1000thwheel | B1.24

11 9,8,8,8,8,4,3,3,3,3 Every change overfrom"3"to "9" digit of 1000thwheel | B1.25

12 to 20 8,3,8,3,8,3,8,3,8,3 Every change overfrom"3"to "8" digit of 1000"° wheel | B1.26

21 8,7,7,7,7,3,2,2,2,2 Every change overfrom"2"to "8" digit of 1000thwheel | B1.27

22 to 30 7,2,72,72,7,2,7,2 Every change over from"2"to "7" digitof 1000thwheel | B1.28

31 7,6,6,6,6,2,1,1,1,1 Every change over from"1"to "7" digitof 1000thwheel | B1.29

32t0 40 6,1,6,1,6,1,6,1,6,1 Every change overfrom"1"to "6" digit of 1000thwheel | B1.30

41 6,5,5,5,5,1,0,0,0,0 Every change overfrom"0" to "6" digit of 1000th wheel | B1.31

42 to 50 5,0,5,0,5,0,5,0,5,0 Every change overfrom"0"to "5" digit of 1000thwheel | B1.32

10,000t wheel:
Table E2
Numbering Box no | Digits on the wheel | Actuation of 100,000t wheel Figure
1 to 50 0,9,8,7,6,5,4,3,2,1 Every change over from "0" to "9" digit of 10,000th wheel | B1.16

100,000t Wheel: 100,000t wheel of every position is identical in nature. It contains with "0,9,8,7,6,5,4,3,2,1" digits.

there is any wheel).

Table F2
Numbering Box no | Digits on the wheel | Actuation of 1000,000th wheel Figure
1to 50 0,9,8,7,6,5,4,3,2,1 Every change over from "0" to "9"digit of 10,000th wheel (If B1.17

To print more than one million pieces, extra wheels like 100,000t wheel need to be incorporated. In the last wheel no

groove is required.
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Method of printing sequential characters for 20 up sheets and the corresponding Numbering boxes are ex-

plained below:

[0056]

Structure of wheels:

[0057]

Table 10
Box no.-20 | Box no.- 10
Box no.-19 | Box no.- 9
Box no.-18 | Box no.- 8
Box no.- 17 | Box no.- 7
Box no.- 16 | Box no.- 6
Box no.- 15 | Box no.- 5
Box no.- 14 | Box no.- 4
Box no.- 13 | Box no.- 3
Box no.-12 Box no.- 2
Box no.-11 Box no.- 1

Unit wheel: Unit wheel of every position is identical in nature. It will rotate after every impression.
Table A3
Numbering Box no | Digits on the wheel | Actuation of 10th wheel Drawing No.
1t020 0,9,8,7,6,5,4,3,2,1 | Every change over from"0"to"9" of unitwheel | B1.1

10th Wheel: 10th wheel of all boxes is similar. It will rotate at the change over of unit wheel from "0" to "9".

Table B3
Numbering Box no | Digits on the wheel | Actuation of 100th wheel Drawing No.
1to0 20 0,9,8,7,6,5,4,3,2,1 | When 10t wheel holds "0" B1.2

100t Wheel: 100t wheel of every position is identical in nature. It will only rotate along with unit wheel, when 10t wheel
holds digit "0". Every wheel contains with two digits as shown below.

100t wheel

Table C3
Numbering Box no | Digits on the wheel | Actuation of 1000th wheel Drawing No.
1,11 0,9,9,9,9,9,9,9,9,9 | Every change over from "0" to "9" and "9" to "0" digit of B1.3
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(continued)

Numbering Box no | Digits on the wheel | Actuation of 1000t wheel Drawing No.
2,12 9,8,8,8,8,8,8,8,8,8 | Everychange overfrom"n"to "n+1" digit of 100t wheel. B1.4
3,13 8777777777 | Wheren=0123,456.7.8) B1.5
4,14 7,6,6,6,6,6,6,6,6,6 B1.6
5,15 6,5,5,5,5,5,5,5,5,5 B1.7
6,16 5444444444 B1.8
7,17 4,3,3,3,3,3,3,3,3,3 B1.9
8,18 3,22,2,222222 B1.10
9,19 2,1,1,1,1,1,1,1,1,1 B1.11
10,20 1,0,0,0,0,0,0,0,0,0 B1.12
1000t wheel:
Table D3
Numbering Box no | Digits on the wheel | Actuation of 10,000t wheel Drawing No.
1,11 0,9,8,7,6,5,4,3,2,1 Every change over from "0" to "9" digit of 1000h wheel B1.13
2to0 10 9,7,5,3,1 Every change over from "1" to "9" digit of 1000" wheel B1.14
12 t0 20 8,6,4,2,0 Every change over from "0"to "8 digit of 1000h wheel B1:15
10,000t wheel;
Table E3
Numbering Box no | Digits on the wheel | Actuation of 100,000t wheel Drawing No.
1t0 20 0,9,8,7,6,5,4,3,2,1 | Everychange overfrom "0" to "9" digit of 10000th wheel B1.16
100,000t Wheel: 100,000t wheel of every position is identical in nature.
It contains with "0, 9, 8,7,6,5,4,3,2, 1" digits.
Table F3
Numbering Box no | Digits on the wheel | Actuation of 1000,000th wheel Drawing No.
1to0 20 0,9,8,7,6,5,4,3,2,1 | Every change over from "0" to "9" digit of 100,000t B1.17
wheel (If there is any wheel).

In order to print more than one million pieces, extra wheels like 100,000t wheel have to be incorporated.

[0058] Advantages

1. Using the method and apparatus of the present invention bundles of sheets are obtained after processing any
ream and re-stacking is not required for further processing.

2. The method and apparatus of the present invention allows bundles to be available after processing of only one
block (i.e. 100 sheets). Hence successive processing units may be started in a short time. This results in the complete
process being completed faster.

3. The presentinvention ensures that no manual arrangement is required and that there can be complete automation
between the processes of printing, cutting and packing.

4. In the present invention, due to single sheet cancellation, only a few bundles (e.g. 4 bundles for 40 ups etc) will
be disturbed and are to be opened to correct manually.

5. The electronic verification system calibrated in the sequential printing system provides an online checking system
to detect wrong numbering.
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Claims

1.

10.

A method for sequential printing of numerical characters on successive sheets each bearing a plurality of locations
to be numbered, which locations are arranged in a matrix of maximum rows (mr) and of maximum columns (mc),
wherein product mr x mc is a multiple of ten, said method comprising the steps of:

(a) providing mr x mc sequential numbering boxes each having a plurality of numbering wheels ;

(b) arranging said numbering boxes in a matrix of maximum rows (mr) and of maximum columns (mc) corre-
sponding to the matrix of locations to be numbered on the sheets, a first of said numbering boxes being located
at matrix location (mr; mc), a second of said numbering boxes being located at matrix location (mr-1 ; mc), and
so on until a last one of said numbering boxes is located at matrix location (1:1);

(c) setting the position of the numbering wheels of the numbering boxes to form determined sequences of
numerical characters so that adjacent numbering boxes exhibit sequences of numerical characters with a value
difference of 100 row wise and a value difference of mr x 100 column wise ;

(d) printing a first one of a series of hundred sheets with said numbering boxes, thereby printing said sequences
of numerical characters on said locations on the sheet;

(e) actuating all said numbering boxes so that all the sequences of numerical characters formed by said num-
bering wheels are decremented by one ;

(f) printing a subsequent sheet with said numbering boxes, thereby printing said sequences of numerical char-
acters decremented by one on said locations on the second sheet;

(9) repeating steps (e) and (f) until hundred sheets have been printed ;

(h) resetting the position of the numbering wheels of the numbering boxes, so that the sequences of numerical
characters formed by the numbering boxes correspond respectively to the sequences of numerical characters
at the time of the printing of the first of the series of hundred sheets at step (d) decremented by a value of mr
xmc x 100 ;

(i) repeating steps (d) to (h) for subsequent series of hundred sheets.

The method as claimed in claim 1, wherein each sheet carries a matrix of fifty locations and wherein mr and mc can
be selected from any one of the following matrix combinations (mr = 5; mc = 10), (mr = 10; mc = 5), (mr = 25; mc
= 2), or (mr = 2; mc = 25).

The method as claimed in claim 2, wherein mr = 10 and mc = 5 and wherein the character, ratchet and groove
profiles of the numbering wheels of said numbering boxes are as defined in Table 4.

The method as claimed in claim 1, wherein each sheet carries a matrix of forty locations and wherein mr and mc
can be selected from any one of the following matrix combinations (mr = 5; mc = 8), (mr = 8; mc = 5), (mr = 10; mc
=4), (mr =4; mc =10), (mr = 20; mc = 2), or (mr = 2; mc = 20).

The method as claimed in claim 4, wherein mr = 8 and mc = 5 and wherein the character, ratchet and groove profiles
of the numbering wheels of said numbering boxes are as defined in Table 5.

The method as claimed in claim 1, wherein each sheet carries a matrix of twenty locations and wherein mr and mc
can be selected from any one of the following matrix combinations (mr = 2; mc = 10), (mr = 10; mc = 2), (mr = 5;
mc = 4), or (mr =4; mc = 5).

The method as claimed in claim 6, wherein mr = 10 and mc = 2 and wherein the character, ratchet and groove
profiles of the numbering wheels of said numbering boxes are as defined in Table 6.

The method as claimed in claim 3, wherein each numbering box comprises at least six numbering wheels, namely
a unit wheel, a 10t wheel, a 100th wheel, a 1000th wheel, a 10000t wheel and a 100000th wheel, and wherein said
numbering wheels bear digits and are actuated as defined in tables A1, B1, C1, D1, E1 and F1.

The method as claimed in claim 5, wherein each numbering box comprises at least six numbering wheels, namely
a unit wheel, a 10th wheel, a 100t wheel, a 1000t wheel, a 10000t wheel and a 100000t" wheel, and wherein said

numbering wheels bear digits and are actuated as defined in tables A2, B2, C2, D2, E2 and F2.

The method as claimed in claim 7, wherein each numbering box comprises at least six numbering wheels, namely
a unit wheel, a 10t wheel, a 100th wheel, a 1000th wheel, a 10000t wheel and a 100000th wheel, and wherein said
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numbering wheels bear digits and are actuated as defined in tables A3, B3, C3, D3, E3 and F3.

The method according to claim 1, wherein said sheets are sheets for the production of banknotes, securities or
passports.

A numbering box for carrying out the method of any one of claims 1 to 11, wherein said numbering box comprises
at least six numbering wheels with numbers engraved on the peripheral surface thereof, namely a unit wheel, a 10th
wheel, a 100t wheel, a 1000th wheel, a 10000th wheel and a 100000t wheel, which numbering wheels are provided
with combinations of ratchet and groove profiles on side surfaces thereof,

and wherein said numbering wheels are actuated by an actuation lever which cooperates with said combinations
of ratchet and groove profiles on the numbering wheels through first and second actuation pawils,

said first actuation pawl being a two-teeth actuation pawl that cooperates with ratchet and groove profiles provided
on the right side of the unit wheel and of the 10t wheel,

- said second actuation pawl being a five-teeth actuation pawl that cooperates with ratchet and groove profiles
provided on the left side of the 10t wheel, 100th wheel, 1000t wheel, 10000t wheel and 100000t wheel.

Patentanspriiche

1.

Verfahren zum sequentiellen Drucken numerischer Zeichen auf aufeinander folgende Bégen an jeweils einer Vielzahl
von zu nummerierenden Orten, die zu einer Matrix von (mr) Zeilen und (mc) Spalten angeordnet sind, wobei das
Produkt (mr) x (mc) ein Vielfaches von 10 ist, wobei das Verfahren folgende Schritte beinhaltet:

(a) Bereitstellen von (mr) x (mc) Nummerierkasten jeweils mit einer Vielzahl von Nummernradern;

(b) Anordnen der Nummerierkasten zu einer Matrix von (mr) Zeilen und (mc) Spalten entsprechend der Matrix
der Orte, an denen die Bdgen zu nummerieren sind, wobei ein erster der Nummerierkasten an der Matrixstelle
(mr; mc), ein zweiter an der Matrixstelle (mr - 1; mc) und so weiter angeordnet werden, bis der letzte der
Nummerierkasten sich an den Matrixstelle (1:1) befindet;

(c) Setzen der Position der Nummernrader der Nummerierkéasten, um vorbestimmte Folgen numerischer Zei-
chen zu bilden derart, dass nebeneinander liegende Nummerierkdsten Nummernzeichenfolgen zeilenweise
mit der Wertedifferenz 100 und spaltenweise mit der Wertedifferenz (mr x 100) zeigen;

(d) Bedrucken eines ersten einer Serie von 100 Bégen mittels der Nummerierkasten derart, dass die Num-
mernzeichenfolgen an den angegebenen Orten auf dem Bogen gedruckt werden;

(e) Betatigen aller Nummerierkasten so, dass alle von den Nummernradern gebildeten Nummernzeichenfolgen
um 1 dekrementiert werden;

(f) Bedrucken eines nachfolgenden Bogens mittels der Nummerierkasten und dadurch Aufdrucken der um 1
dekrementierten Nummerzeichenfolgen an den erwahnten Orten auf den zweiten Bogen;

(g) Wiederholen der Schritte (e) und (f), bis 100 Bégen bedruckt worden sind;

(h) Umsetzen der Positionen der Nummernrader in den Nummerierkasten derart, dass die von den Numme-
rierk@sten gebildeten Nummernzeichenfolgen jeweils denen entsprechen, die beim Bedrucken des ersten der
Serie von 100 Bégen im Schritt (d) vorlagen, aber um einen Wert von mr x mc x 100 dekrementiert; und

(i) Wiederholen der Schritte (d) bis (h) fur nachfolgende Serien von jeweils 100 Bégen.

Verfahren nach Anspruch 1, bei dem jeder Bogen eine Matrix von 50 Orten tragt und mr und mc aus einer der
Matrixkombinationen (mr = 5; mc = 10), (mr = 10; mc = 5), (mr = 25; mc = 2) oder (mr = 2; mc = 25) wahlbar sind.

Verfahren nach Anspruch 2, bei dem mr = 10 und mc = 5 gelten und die Zeichen-, Ratschen- und Nutprofile der
Nummernréder in den Nummerierkdsten gem. Tabelle 4 definiert sind.

Verfahren nach Anspruch 1, bei dem jeder Bogen eine Matrix von 40 Orten trdgt und mr und mc aus einer der
Matrixkombinationen (mr = 5; mc = 8), (mr = 8; mc = 5), (mr = 10; mc = 4), (mr = 4; mc = 10), (mr = 20; mc = 2)

oder (mr = 2; mc = 20) wahlbar sind.

Verfahren Anspruch 4, bei dem mr = 8 und mc = 5 gelten und die Zeichen-, Ratschen- und Nutprofile der Num-
mernrader in den Nummerierkasten gem. Tabelle 5 definiert sind.

Verfahren nach Anspruch 1, bei dem jeder Bogen eine Matrix von 20 Orten tragt und mr und mc aus einer der
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Matrixkombinationen (mr = 2; mc = 10), (mr = 10; mc = 2), (mr = 5; mc = 4) oder (mr = 4; mc = 5) wahlbar sind.

Verfahren Anspruch 6, bei dem mr = 8 und mc = 5 gelten und die Zeichen-, Ratschen- und Nutprofile der Num-
mernrader in den Nummerierkasten gem. Tabelle 6 definiert sind.

Verfahren nach Anspruch 3, bei dem die Nummerierkésten jeweils mindestens sechs Nummernrader enthalten,
namlich ein 1 er-, ein 10er-, ein 100-er-, ein 1000er-, ein 10.000er- und ein 100.000er-Rad, und die Nummernrader
Ziffern tragen und wie in den Tabellen A1, B1, C1, D1, E1 und F1 angegeben betéatigt werden.

Verfahren nach Anspruch 5, bei dem die Nummerierkédsten jeweils mindestens sechs Nummernrader enthalten,
namlich ein 1 er-, ein 10er-, ein 100-er-, ein 1000er-, ein 10.000er- und ein 1 00.000er-Rad, und die Nummernrader
Ziffern tragen und wie in den Tabellen A2, B2, C2, D2, E2 und F2 angegeben betatigt werden.

Verfahren nach Anspruch 7, bei dem die Nummerierkésten jeweils mindestens sechs Nummernrader enthalten,
namlich ein 1 er-, ein 10er-, ein 100-er-, ein 1000er-, ein 10.000er- und ein 100.000er-Rad, und die Nummernrader
Ziffern tragen und wie in den Tabellen A3, B3, C3, D3, E3 und F3 angegeben betatigt werden.

Verfahren nach Anspruch 1, bei dem es sich bei den Bégen um solche fiir die Herstellung von Banknoten, Wert-
papieren oder Reisepassen handelt.

Nummerierkasten zum Ausfiihren des Verfahrens nach einem der Anspriiche 1 bis 11, der mindestens sechs
Nummernrader mit gravierter Umfangsflache aufweist, namlich ein 1 er-, ein 10er-, ein 100er-, ein 1000er-, ein
10.000er- und ein 100.000er-Rad, welche Nummernrader auf den Seitenflachen mit Kombinationen von Ratschen-
und Nut-Profilen versehen sind;

wobei die Nummernréder durch einen Betatigungshebel betétigt werden, der Gber eine erste und eine zweite Be-
tatigungsklinke mit den Kombinationen von Ratsche- und Nut-Profilen auf den Nummernradern zusammenwirkt;
wobei die erste Betatigungsklinke eine 2-zahnige Betatigungsklinke ist, die mit Ratsche- und Nut-Profilen auf der
rechten Seite des 1 er- und des 10er-Rades zusammenwirkt; und

die zweite Betatigungsklinke eine 5-zahnige Betatigungsklinke ist, die mit Ratsche- und -Nut-Profilen auf der linken
Seite des 10er-, des 100er-, des 1000-er-, des 10.000- und des 100.000er-Rades zusammenwirkt.

Revendications

Procédé d’'impression séquentielle de symboles numériques sur des feuilles successives, chacune comportant une
pluralité d’'emplacements devant étre numeérotés, lesquels emplacements sontagencés dans une matrice de rangées
maximales (mr) et de colonnes maximales (mc), ou le produit mr x mc est un multiple de dix, ledit procédé comprenant
les étapes suivantes :

(a) fournir mr x mc numéroteurs séquentiels, chacun comportant une pluralité de roues numéroteuses ;

(b) agencer lesdits numéroteurs dans une matrice de rangées maximales (mr) et de colonnes maximales (mc)
correspondant a la matrice d’emplacements devant étre numérotés sur les feuilles, un premier desdits numé-
roteurs étant disposé a 'emplacement de matrice (mr ; mc), un deuxiéme desdits numéroteurs étant disposé
a 'emplacement de matrice (mr - 1 ; mc), et ainsi de suite jusqu’a ce qu’au moins I'un desdits numéroteurs soit
situé a 'emplacement de matrice (1;1);

(c) définir la position des roues numéroteuses des numéroteurs afin de former des séquences déterminées de
symboles numériques, de telle sorte que les numéroteurs adjacents représentent des séquences de symboles
numériques ayant une différence de valeur de 100 concernant les rangées et une différence de valeur de mr
x 100 concernant les colonnes ;

(d) imprimer une premiére d’une série de cent feuilles a I'aide desdits numéroteurs, de fagon a imprimer lesdites
séquences de symboles numériques auxdits emplacements de la feuille ;

(e) actionner I'ensemble desdits numéroteurs de telle sorte que 'ensemble des séquences de symboles nu-
mériques formées par lesdites roues numéroteuses sont décrémentées de un ;

(f) imprimer une feuille suivante a l'aide desdits numéroteurs, de fagon a imprimer lesdites séquences de
symboles numériques décrémentées de un auxdits emplacements de la deuxiéme feuille ;

(g) répéter les étapes (e) et (f) jusqu’a ce que cent feuilles aient été imprimées ;

(h) redéfinir la position des roues numéroteuses des numéroteurs, de telle sorte que les séquences de symboles
numériques formées par les numéroteurs correspondent respectivement aux séquences de symboles numé-
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rigues au moment de I'impression de la premiére des séries de cent feuilles a I'étape (d), décrementées d’'une
valeur de mr x mc x 100 ;
(i) répéter les étapes (d) a (h) pour des séries suivantes de cent feuilles.

Procédé selon la revendication 1, dans lequel chaque feuille comporte une matrice de cinquante positions, et ou
mr et mc peuvent étre choisis parmi 'une quelconque des combinaisons matricielles suivantes (mr =5 ; mc = 10),
(mr=10; mc=5), (mr=25; mc=2),ou(mr=2; mc=25).

Procédé selon la revendication 2, dans lequel mr = 10 et mc = 5, et dans lequel les profils de symboles, rochets et
rainures des roues numéroteuses desdits numéroteurs sont tels que définis dans le tableau 4.

Procédé selon la revendication 1, dans lequel chaque feuille comporte une matrice de quarante positions, et dans
lequel mr et mc peuvent étre choisis parmi I'une quelconque des combinaisons matricielles suivantes (mr=5; mc
=8),(mr=8;mc=5),(mr=10;mc=4), (mr=4;mc=10), (mr=20; mc =2), ou (mr=2; mc=20).

Procédé selon la revendication 4, dans lequel mr = 8 et mc = 5, et dans lequel les profils de symboles, rochets et
rainures des roues numéroteuses desdits numéroteurs sont tels que définis dans le tableau 5.

Procédé selon la revendication 1, dans lequel chaque feuille comporte une matrice de vingt positions, et dans lequel
mr et mc peuvent étre choisis parmi 'une quelconque des combinaisons matricielles suivantes (mr = 2; mc = 10),
(mr=10;mc=2),(mr=5;mc=4),ou(mr=4;mc=5).

Procédé selon la revendication 6, dans lequel mr = 10 et mc = 2, et dans lequel les profils de symboles, rochets et
rainures des roues numéroteuses desdits numéroteurs sont tels que définis dans le tableau 6.

Procédé selon la revendication 3, dans lequel chaque numéroteur comprend au moins six roues numéroteuses, a
savoir une roue correspondant au chiffre des unités, une roue correspondant au chiffre des dizaines, une roue
correspondant au chiffre des centaines, une roue correspondant au chiffre des milliers, une roue correspondant au
chiffre des dizaines de milliers, et une roue correspondant au chiffre des centaines de milliers, et dans lequel lesdites
roues numéroteuses comportent des chiffres et sont actionnées comme défini dans les tableaux A1, B1, C1, D1,
E1etF.

Procédé selon la revendication 5, dans lequel chaque numéroteur comprend au moins six roues numéroteuses, a
savoir une roue correspondant au chiffre des unités, une roue correspondant au chiffre des dizaines, une roue
correspondant au chiffre des centaines, une roue correspondant au chiffre des milliers, une roue correspondant au
chiffre des dizaines de milliers, et une roue correspondant au chiffre des centaines de milliers, et dans lequel lesdites
roues numéroteuses comportent des chiffres et sont actionnées tel que défini dans les tableaux A2, B2, C2, D2,
E2 et F2.

Procédé selon la revendication 7, dans lequel chaque numéroteur comprend au moins six roues numéroteuses, a
savoir une roue correspondant au chiffre des unités, une roue correspondant au chiffre des dizaines, une roue
correspondant au chiffre des centaines, une roue correspondant au chiffre des milliers, une roue correspondant au
chiffre des dizaines de milliers, et une roue correspondant au chiffre des centaines de milliers, et dans lequel lesdites
roues numeéroteuses comportent des chiffres et sont actionnées tel que défini dans les tableaux A3, B3, C3, D3,
E3 et F3.

Procédé selon la revendication 1, dans lequel lesdites feuilles sont des feuilles permettant de produire des billets
de banque, des documents de sécurité ou des passeports.

Numéroteur permettant de mettre en oeuvre le procédé selon I'une quelconque des revendications 1 a 11, dans
lequel ledit numéroteur comprend au moins six roues numéroteuses ayant des numéros gravés sur leur surface
périphérique, a savoir une roue correspondant au chiffre des unités, une roue correspondant au chiffre des dizaines,
une roue correspondant au chiffre des centaines, une roue correspondant au chiffre des milliers, une roue corres-
pondant au chiffre des dizaines de milliers, et une roue correspondant au chiffre des centaines de milliers, lesquelles
roues numéroteuses sont dotées de combinaisons de profils de rochets et rainures sur leurs surfaces latérales,
et dans lequel lesdites roues numéroteuses sont actionnées grace a un levier d’actionnement qui coopere avec
lesdites combinaisons de profils de rochets et rainures sur les roues numéroteuses par l'intermédiaire de premier
et second cliquets d’actionnement,
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le premier cliquet d’actionnement étant un cliquet d’actionnement a deux dents qui coopére avec les profils de
rochets et rainures prévus du cété droit de la roue correspondant au chiffre des unités et de la roue correspondant
au chiffre des dizaines,

- ledit second cliquet d’actionnement étant un cliquet d’actionnement a cinq dents qui coopére avec les profils
de rochets et rainures prévus du cété gauche de la roue du chiffre des dizaines, de la roue du chiffre des
centaines, de la roue du chiffre des milliers, de la roue du chiffre des dizaines de milliers, et de la roue du chiffre
des centaines de milliers.
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