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DESTRUCTION NOTICE

WHY —To prevent the enemy from using or salvaging this equip-
ment for his benehit.

WHEMN—When ordered by your eommander.

HOW —I1. Smash—Use sledges, axes, handaxes, picknxes, ham-
mers, crovwbars, heavy tools, heel of n boot, ete.

Tl

. Cut—Use axes, handaxes, machetes, ete.

o

Burn—Ulse gasoline, kerosene, oil, flame throwers, in-
eendinry grenandes, ete.

b

Explosives—Use fircarms, grenades, TNT, ete.

E.h

Disposal—Bury in slit trenches, fox holes, other holes,
Throw in strenms, Seatter.

USE ANYTHING IMMEDIATELY AVAILABLE
FOR DESTRUCTION OF THIS EQUIPMENT.

PRELIMINARY—1. Move all drum bar lugs te zero positions.
2. Move all key wheol ping to left positions,

WHAT—1. Smash—Drum bars, key wheels, guide arms, type-
wheel, gears, levers.

2. Cot—Canvas case, straps.

3. Burn—Cipher-key lists, technical manuals, paper tape,
CANVAS case.

4. Bury or seatter—Any or all of the above pieces alier
breaking.

DESTROY EVERYTHING

VI

RESTRICTED

This monuwal supersedes TM 11-880, 27 April 1842, and
TNM 11-3800, 20 Septomber 1044,

SECTION I
DESCRIPTION

1. GENMERAL.

a. Converter M-209-(*) is a eryptographic device issued by
the Signal Corps for use in divisions and lower units, down
to and inecluding battalions. It may also be used by unita
larger than division, or by any other organization authorized
by the Chief Signal Officer. The converter provides a secure
and rapid method of cryptographing tactical messnges, and
may be operated by personnel not extensively trained in
eryptography.

b, Instructions in thiz manual are applicable to all erypio-
graphic zystems using Converter M-208-(*), as modified by
publications used with a particular system, The symbal (*)
iz used throughout this manual to refer to Converters M-208,
al-208-A, and M-200-13, .

2, PURFOSE,

a, Converter M-208-(*) is a =mall, compact, hand-operated
tape-printing, mechanical device designed for rapid encipher-
ing and deciphering of tactical messages. When properly set
and operated, it will encipher a plain text message of any
length, automatically printing the enciphered text on a paper
tape in 5-letter groups; or it will decipher a message that
has been previously eryptographed by another Converter
M-209-(*), printing the clear text on a paper tape with
proper spacing between words,

b. The converter is contained in a metal box, and is normally
carried in & canvas case, suspended by a strap over the shoul-
der. The cnse hag compartments for carrying the manual,
pencils, extra tape, message books, and message elips. Inside

1



TH 11-380 CONVERTER AM-209 DM-209-A,
Far. 2-3-| M-208-B, (CIPHER)

the eover of the eonverter are clamps for holding o screw
driver, a pair of tweezers, an oil can, an ink pad can, and
tho roll of paper tape in use, When desirod, a hand-earrving
strap may beé attached to the left side of the machine.
d. MAIN COMPONENTS AND ACCESSORIES.

g, Converter M-200-(*) congists of the following main com-
ponent parts with weights and dimensions as shown (fig. 1) :

; | Dhmensions W eight
Cluandily Fari ' (inches) : .'prm.'-.-f.l!}
1 Converter M-200-(*) | 74 x5k x3ls i
| Coase, canvis (complete Slixblax g 1

with strapa)
1 Strap, hand-carrving 1155 long

leomplete with anaps)
. The following accezzories are issued with the convertor:

Checiimdely FParl Ditnensions [imches
1 Can, oil, with cover 25 x 34
1 Clan, ink pad, with cover | 28§ x 34
1 HScrew drivor 4 long (235 blade, g tip)
1 Tweagers | 4 long
5 Pad, ink {inside ink pad can) .
e | Lape paper ralla (1 in |
use, 1 spare) 4 dinm. approx.; 35 wide

1 ! Clips, mesange
2 | TM 11-380

e. The total weight of Converter M-209-(*), including its
accessories, is approximately 7Y% pounds. 1t weighs about 10
pounds when packed for shipment in this country, and has a
volume of about 0.37 eubic foot.

4, IDEMTIFICATION OF PARTS,

. Prelimivary Procedure, Open the outer cover of the machine
Ly pnushing the hutton located in the conter of the front of the
eover. Raise the inner lid from the front by lifting it off its
spring catch.

i

T 11-380
DESCRIPTION Par. 3—1

®

O G e, Tweseers, @D Paper tape.

(i) Hand strap. 0l camn. | |
Fioure 1. Main componenis and decesgorien. a

Canyvne Cneo. @ Berow driver. Ink pade.
% Converter M-203-1%). [6) Message clips, (1) Ink padcan,
(3)
&)



Tx 11381 CONVERTER M-200, M-206-4,
Par. 4 M-200-B (CIPHIER)

T T g

FIGURE 2, Cosvverter M-208-(*) open for operation.

b, Mumbered Reference List, Operators of Converter M-203-
(*) can identify all the parts of the device by referring to the
following list and fipures 2 and 3. Numbers in parentheses
guch ps (10) correspond to those in fgures 2 and 8, and
should be studied with an opened converter nearby so that
each part may be located. These numbers will be nzed through-
out this manual to assist in identifying parts,

4
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TM 11-380

DESCRIPTION Par, 43 13
(1) Letter counter window. {23) Paper guard catch.
{2) Letter counter. (24) Paper guard.
(8) Indicating index. (206) Paper roll.
(4) Ink pad. (26) Tweezers.
(6) Typewhesel, (27) Resct bution.
(8) Reproducing disk. {28) Inner lid.
{7) Indicating disk. (29) Number plate.
(8) Setting knob. (80) Drum disks.
(9) Encipher-decipher knob, (1) Dirum bar.
{10) Reading window. (32) Drum bar lug.
{11) Paper feed knob. (83) Interlock lever.
(12} Paper feed ratchet, (34) Guolde nrm.
(13) B-letter cam. (35) Driwlinqh.
(14) Paper tape. (86) Intermediate gear.
{16) Paper pressure arm. {37) Key wheel bench mark.
{18} Cover support. {88) Key wheel gear.
{17) Ink pad container, (89) Redet k1l1r:-'!-. :
(18) Serewdriver. (40) Ineffective pin.
(18) Oil can. (41) Effective pin,
{20) Outer cover. {42) Key wheels.
{21) Catch for inner lid. {43) Typewheel gear,

(22} Cowver eateh button.

5. PRINCIPAL OPERATING PARTS.

a. Key Wheels (42). (1) Letters of the alphabet in normal
sequence are engraved on the rims of the six key wheels. On
esch wheel, from left to right, there iz a decreasing number
of letters. The letters are arranged on the key wheels as
follows:

Wheel No. No.of letiers Letters
1 a0 A-T
2 25 A -7, omitting W
:. 24 A =X, omitting W
i 21 A-1
] 14 A=-5
[+ 19 A-0Q
5]



TH™ 11-380 CONVERTER M-208, M-208-A,
Par. 5 M-209.B (CIFHER)

(2) Near the rim of the key wheels, and just below cach
letter, & small pin projects from one side or the other of the
key wheels. The key wheel pinsg moy be pushed from side to
side in the slots in which they are set. The letters and pins
are arranged as part of the preliminary setling of the device
and are explained in detail in paragraph 7. The key wheels
are mounted on a shaft, on the right end of which is the
regot knob (89). The key wheels may be turned as a unit in
either direction when the reset buiton (27) iz depressed and
the reset knob twisted, Individual wheels may be turned by
hand in one direction only.

b. Indicating Disk (7). The indicating disk is the larger of
two dizks located on the left-hand side of the comverter.
Letters of the alphabet are arranged on its rim in normal
order, The disk can be rotated freely in either directiom,
allowing any letter to be aligned on a white bench mark,
called the fndicating indox (3). The lnrge knob on the left
of the indieating dizk iz used for turning the disk to the
desired letter.

c. Reproducing Disk (6). The letters of the alphabet are en-
graved in reverse order upon the reproducing disk, the
gmaller disk located just to the right of and on the pame
shaft as the indicating disk. When the inner lid iz closed,
four of the letters can be seen through the reading swindow
(10) on the edge of the inner lid. The first letter, nearest
the front of the machine, is read when this disk is used (pars.
10b (5) and 22b).

&, Typewhee! (5). The typewheel iz mounted on the same
ghaft with the two dizks mentioned above, On itz rim are
raised letters for printing. These letters are alzo in reverse
arder, The lnst letter printed and the letter which 8 rend on
the reproducing disk are the same.

&, Paper Feed Kwob (11). The paper tape i advanced auto-
matieally when the converter is operated, and also ean be
fed through the rollers by turning the paper feed knob. The
knob turns toward the rear of the machine only.

6
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TM 11-380 CONVERTER M-200, M-209-A,
Par. 5 M-209-B (CIPHER) E

f. Paper Pressure Arm (15). On the front end of the paper
pressure arm s a small, knurled roller which is held firmly
against a larger roller by spring tension. To raise the roller,
push down on the rear end of the pressure arm, The roller
and arm are used to guide the paper tape. A cuifing edge is
provided on the end of the pressure arm to facilitate tearing
off the tape. .

#. Letter Counter (2). The leiter counter is visible through
it window in the left front corner of the converter, It counts
letters enciphered or deciphered up to 9889, The counter is
returned to zero by turning the resel kmob (39) in either
direction while depressing the reset buttem (27) on top of
the inner lid.

k. Encipher-Decipher Knob (9), Just below the paper feoed
knob iz the encipher-decipher knob. When turned to the “C™
position, the converter is set for enciphering clear text; when
set in “D™ position, it iz ready to decipher cryptographed
taxt. The position of this knob should be checked before
operation.

i. Drive Kmob (35). The large black operating handle on the
right-hand side of the machine is the drive knob, Each time
the indicating dizk iz moved, the drive knob may be turned
once nnd then locks, At ench turn of the drive knob, the
machine enciphers or deciphers a letter and prints the equiva-
lant letter on the tape.

j. Drum. When the inner lid iz open, the drum can be seen
at the rear of the machine. On the drum are 27 drion bars
(81}, which cccupy about two-thirds of the eircumference
of the drum and are numbered at the right of the drum. On
ench drum bar are two movable lugs which may be set in

any one of eight positions, numbered 1 0 2 3 4 & E 6.

w
Fach Iug fits into & small hole at each position. It must he

pushed slightly toward the front of the machine before it can
he dizengaged from one hole and slid aleng the bar inta
another, When placed nt any position, the lug must clwaye be
fitted into the hole provided for il

8
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™ 11-380
Par. b

SECTION II
INSTALLATION AND OPERATION

i, CRYPTOGRAPHIC SYSTEMS.

a. Definition. A military eryptographic system comprizes a
prearranged set of rules and equipment chosen for erypto-
graphing messages sent from one unit to another. All systems
fall into one of two elassifications, code or eipher, In code
systems, groups of letters or numbers represent words,
phrases, or entire sentences. A cipher system normally uses
single letters to represent other single letters. ﬂ:mvertnlr
M-208-{*} iz a cipher device since, when operated, it substi-
tutes a letter for a letter,

b. Cipher Keys, Every cipher system must be provided with
a guide, or cipher key, for its operation. The cipher key
should be changed as often as is necessary to preserve the
security of the system. The key for systems using Converter
M-209-(*) must include two tables which make up a cipher-
leey list and are published periodically in a system publica-
tion or the signal operation instructions of a using unit, The
tables, changed only by order of the signal or ecommunication
officer, govern preliminary settings which must be made
before enciphering or deciphering a message. The proper
use of cipher-key lists iz explained in paragraph 5.

c. Converter M-209-(*) Systems. Any cipher system employing
the Converter M-209-(*) must consist of the following:

{1) The Converter M-200-(%}.
(2] This manual which contains operating instructions for
the Converter K-209-(*).

9



TH 11-380
Par. 6=7

CONVERTER M-209, M-209-A,
M-200-B (CIPHER)

(8) The cipher-key list which is in effect at the time.

(4) A system publication describing the partieular =ystem
in use at the time, or personal instruction in such o system,

7. KEYING ELEMENTS. Units using Converter M-209-(*)
must make certain that the following keying elements are set
identically if they are to exchange messages:

a. External Keying Elemenr. The external keying element is
composed of the six key wheels (42). Letters on the key
wheels are selected at random by the enciphering operator,
and lined up from left to right along the white bench mark.
Different letlers must be selected for every measage. These six
letters make up the message indicator and are transmitted
with the message (par. 9).

b, Internal Keying Elements., There are two internal keying
elements; each is initially set, and changed, in accordance
with a cipher-key list. The first internal keying element is
made up of the key wheel pinz {40), (41). When placed to
the right, or effective, position, the pins affect the operation
of the machine; to the left, they are in a noneffeciive position.
The second internal keying element is made up of the movable
lugs (32) on the drum bars (31). Lugs are effective in any
position except the two marked 0l ** Tnstructions for setting
the keying elemonts are in paragraph &,

c. Changes of Keys. A high degree of cryptographic security
is provided when Converter M-209-(*) is uzed. Systems using
Converter M-200-(*), however, can be solved, especially if a
large volume of traffic is enciphered without changing the
arrangement of the keying elements. A daily change in the
internal keying elemonts i advisable, although the frequency
of change will depend upon the tactical situation. This is the
responsibility of the signnl or communication officer. Changos
in the external keying element are the responsibility of the

10
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INSTALLATION AND
OPERATION

operalor alone, and st be mada j"m' SUOT Mosage ho en-
ciphers. There is no reason for allowing the enemy to “break"
a messape enciphered with Converter M-209-(*) because the
keying elements were not changed often enough. The key
wheel alignments ghould be noted to prevent using the same
arrangement of letters for future messages.

8. PREPARING FOR OPERATION.

a. General, The procedure given in this paragraph iz in-
tended to show the operator how to install the converter and
make all preliminary settings,

b, Iustallation. Normally Converter M-208-(%) will be op-
srated under cover to protect the machine from dust and
dampness. Usually the converter will be set up on a table
or some solid support. If necessary, the machine may be
seeured to the operator's knee in the following manner:
Attach the carrying strap to the bottom of the converter
and pass it under the operator's fool. Shorten or lengthen
the strap so that the converter will be held firmly in place
on the knec. The base of the machine is shaped to fit the
curvature of the knee (fig. 4).

¢. Key Wheel Pins, Open the outer cover of the comverter,
and raise the inmer lid. If the machine has been properly
soroized (par. 12), all of the key wheel pins will project
#rom the left-hand side of the key wheels. If any project from
the right-hand side, use the serew driver provided and push
them to the left. This will make the setting easier. Sat the
pins as indicated in table I, Position af key wheel pina, The
columne of letters and dashes represent the six key wheels,
from left to right. The pins asscciated with the letters which
arc printed in the columns are to be pushed to the right, or
effective, position. Where a dash appears, the pin associated
with the omitted letter will remain at the left, or ineffective,
position. Thus, following the example table, the pin under

11



TM 11-380 CONVERTER M-208, M-209-A,

12

Par, & M-209-B (CIPHER)

e
o

Ficunre 4. Convertor M=g00-(*) strapped to Enee,

INSTALLATION AND T™ 11-380
OPERATION Par. 8

letter A on wheel number 1 should be moved to the right or
effective position. The pin under letter C on wheel number 1
will remain at the left, or ineffective, position, A knife blade
or the special serew driver provided may be used to set the
pins (fiz. 5). Each pin must be moved all the way to the left

TaprLa [, Poeition of key wheel pins.
Period (date) to (date).

No. 1 No. 2 No. 3 No. & No. & No. 6
(26) (25) (23) (21) (19) (17)

A A A — = A
B - i) = B B
. == s C T f
1 I - - I D
-- [H = E E —
— — —_ F ¥ —
Al G H 2 ] =
H — H H H E
I — — 1 1 it
i3 1 1 e el =
Ik K — — — I
i L Ti =1 L 6
M -— M nl | —_
N = N N N A
- 0 = — = (1]
- - = P P =
= — = — 0Q
== R i —_ —

8 2 ] 8 &

T = . m

— u 1] 1)

v — —

W X X
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TM 11-380 CONVERTER M-200, M-200-
_ Par.8 M-200-B (CIPHER) e

TL-7474

FIGURE 5. Setiing key wheel pins,

14
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INSTALLATION AND T™ 11-350
OPERATION _ Par. 8

or right. A garble will result if pins are left in an interme-
diate position. Care in making the setting will prevent loss of
time later. The effective period for that particular setting
must be known in order that a new setting will be made at
the proper time. (Information regarding the preparation of
a table of pin settings will be found in appendix L)

Tanie II, Position of drum bar lugas.
Period (date) to (date).

1, 3-6 10, 2-0 19, 2-0
2. 06 11, 2=0 a0, 2-b
3. 1-8 12, 2=0 21, 2-h
4, 15 13. 20 by A | 1
B, d=b 14, 2=0 23, 0=b
6, 0-4 15, 2-0 24, 0-5
7. O-=4 16, 2-0 25. D=h
B, 04 17. 20 26. 0-5
9. -4 18, 2-0 27, 0=b
28-letter check

TNJT_'lWP.L'-{Q,TKCE]{NUTDTIEC“'ARTL‘IIG

d. Drum Bar Lugs. With the inner lid open, the drum will
be seen in the rear of the machine. Each of the 27 drum bars
has 2 movable lugs which may be placed in effective positions
1 through 6, or in 2 noneffective positions labeled “0." Consult
table II, Position of drumi bar lugs. The 2 columnz of num-
bers, 1 through 14, and 15 throngh 27, represent the 27 drum
bars. The numbers opposite each drum bar number denote
the positions whieh the two lugs on each drum bar will cceupy.
These positions are indicated on the machine by the number
plate hehind the drum. For example, on bar 1, the left-hand
lug will e moved to position 2 and the right-hand lug to
position 8. On bar 2, the left-hand log will be moved to the

15
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CONVERTER M-209, M-200-A,
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M-209-B (CIPHER)
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TL-7475

Froune 6. Sefting drum bor Higs.

INSTALLATION AND TM 11-380
OPERATION Par. B

lefl zero position, and the right-hand lug to position 6. Turn
‘he setting knob (8) fo release the drum lock and to allow
the drive knob to rotate the drum. Use the special screw driver
provided to move the lugs from ene position to another (fig.
). When correctly placed, each lug will lock in position in a
small hole. When moving a lug, push it slightly toward the
front of the machine to releage it, before attempting to slide
it to another locntion, Be aure that the lng catehes in tho hole
at the new position, If a lug is allowed to remain in an inter-
mediate position, it will jam the machine. A click can be
heard when the lug is properly placed. It is recommended
that the left-hand lugs on each drum bar be placed in posi-
tions 1, 2, 8, and the left zero, and that the right-hand lugs
be placed in positions 4, 5, 6, and the right zero. When all
legz have been properly set, turn the drive knob until the
drum locks into place. {Information on the preparation of a
table of lug settings may be found in appendix L)

¢, Twenty-six-letier Check, Every eipher-key list will include
a 26-letter check. Using this check, the operator of Converter
M-209-(*) may verify his preliminary settings. The operator
must always make the check immediately after completing
hizs pin and lug settings. The following steps are necezsary:
Insert the paper tape according to instructions given in para-
evaph 24d. Make certain that the ink pad contains enough
ink for legible printing. (If it does not, replace the pad from
the ink pad can clamped to the outer cover.) Turn the getting
knob several times to inl the typewheel thoroughly, With the
inner lid closed, depress the reset button and fturn the reset
knob to zeroize the letter counter. The right-hand zero of the
letter counter must be completely in view. A click will be
heard when it comes inte place, Set the encipher-decipher
knob in the C position. Set the initial alignment of AAAAAA
on the key wheels by turning them individually until the
letter A of each wheel lines up with the white bench mark
{fig. 7). Turn the indicating disk until the letter A iz om line

17



TM 11-3%0 CONVERTER M-209, M-209-A,
Par. H M-209-B (CIPHER)

A )
QN

{I}I Counter et on 0000, TL=T4l8

(2] Enciphar-decipher lknob set in the © position.
[3) Key wheels aligned to AAAA AN

E} Firal letter A loeatod on Indieating disl,

18 Ficure 7. Converter set o make 26-lefter cheok.

INSTALLATION AND TM 11-380
OPERATION Par. -9

with the indieating index, and encipher it by operating the
drive knob. Be sure that the drive knob is turned until it
locks in place, Continue the encipherment of “A's" in the
same manner until the letter counter shows that Z6 letters
have been enciphered. If the letter A is already aligned on
the indicating index at the end of an operating cycle, the
indicating dizk must be moved to another letter and returned
to A in order to release the drum lock, which prevents turning
the drive knob, Advance the paper tape by turning the paper
feed knob until the paper can be torn off at the cutting edge.
Compare the tape with the 26-letter check in the cipher-key
list. If the tape and the 26-letter check are identical, the pin
and lug settings ave correct; if they differ by one or more
letters, there is an error in the initial settings of the con-
verter which must be corrected before proceeding with any
encipherment or decipherment. Refer to the cipher-key list
composed of tables 1 and 2, and make the preliminary set-
tings. Verify these settings by means of the Z6-letter check
in table I1.

3. INDICATORS.

a. Geweral. Every message enciphered with Converter M-
208-(*) will be accompanied by certain indicators which are
transmitted with the message. The purpose of these indicators
i to show the deciphering operator what settings to make
on his machine before deciphering that message. The various
methods of determining and using the indicators are described
in system publications.

b. Types. Three types of indicaters are used. The number
required will depend upon the system,

(1) The system indieator discloses to the receiving operator
the system which is in use. It will appear in the system pub-
lication or the signal operation instruetions.

(2) The message indicator reveals to the deciphering opera-
tor the initial key wheel alignment which was used to encipher

19



TM 11-350 CONVERTER M-209, M-209-A,
Par, 9 M-209-B (CIPHER)

the message (par. Ta). In some systems this indicator will be
enciphered before transmission to provide additional security.

(3) The cipher-key tndicator designates the particular cipher-
key list which was in effect ot the time of encipherment, This
indieator will appear in the SOI with the cipher-key lists.

¢. Use. The following method of using the indicators is in-
tended as an example for training purposes only:

{1y The system indicator is composed of two letters, such ns
FW. This system indicator designates the method of erypto-
graphing, and is placed as the first two letters of the first
group of the indicators.

{2) The message indicator is taken from the six key wheels
before encipherment is begun, by reading the letters which
are aligned with the white bench mark. These six letters are
divided in half, the first half forms the last three letters of
the first indicator group, and the second half forms the first
three lettors of the zecond indicator group, These appear as
the first two groups of o message, and are sent in the clear,
Assume, for example, that the initial key wheel alipnment is
QAHNKE, These letters make up the message indicator, and
are written in the form =zhown below.

{3) The cipher-key indicator will appear as two letters, such
ng LP, accompanying each cipher-key list. These letters are
inserted az the last two of the second indieator group.

(4) The two indieator groups would be made uwp and trans-
mitted ns follows:

FWQAH NEKELP
o —— S——
(1) (£) (3}

This is only a sample method of showing ihe indicators.

d. The indicatoras will always be placed in the order shown
above, and will be inserted before the first group of cipher
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text, They also appear (in the same order) as the last two
groups of the message, following the last group of cipher text.
The indieators must be added in pencil in both cases.

10. ENCIFHERMENT.

a. General, The student should follow the procedure on &
converter which has been set and checked with the cipher-key
list composed of tables I and II.

b, Prelimivary Instructions. The following steps for enciphar-
ing a meszage with Converter M-209-(*) are presented in a
numbered sequence designed to help an operator learn the
process by performing the operations:

{1) Make certain that the drive knob isin the loeked position.
I it iz not locked, turn it until it clicks and will turn no more.
The knob cannot be turned again until the indicating disk has
been moved. Leave the drive knob in the locked position until
all adjustments have been made,

(2) Turn the encipher-decipher knob so that the letter C is
up and facing the front.

(8) Zeroize the letter counter. This will insure that the en-
ciphered text will be printed in groups of five letters, and will
show the exact number of letters enciphered.

{4) Align the key wheels at random. In selecting the key
wheel alignment, the operator should move the key wheels
individually, choosing the letters which line up on the white
beneh mark. These letters should not spell a word, nor should
the same letter be found twice in one key wheel alignment.
The flat end of the tweezers may be used for turning the key
wheels individually, Do not use an eraser fip. Bach key wheel
upon coming into place will click audibly; do not leave a key
wheel in an intermediate position. Make a note of the indica-
tor 2o that it may be referred to later.
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{5) Advance encugh paper tape to allow insertion of the
system and message indicators by hand. (If the supply of
paper tape is exhausted, the cipher text may be copied from
the reproducing disk, as each letter is enciphered.)

¢. Procedure. Encipher the following message: REINFORCE-
MENTS URGENTLY NEEDED. Proceed as follows:

(1) Turn the indicating disk until the first letter to he en-

ciphered (R) lines up with the indicating index, and release
tha knob,

(2) Turn the drive knob until it locks, Avoid a rapid or jerky
movement of the drive knob. A moderate steady meotion is
preferable. Complete the operating cyele before enciphering
another letter, or jamming of the mechanism will result.

{(3) Locate the second letter of the message {E) on the in-
dicating disk and rotate the drive knob again. This procedure
is repeated for all letters of the clear text.

(1) Encipher the letter Z between the words of the clear
text; i. e., between reinforcements and urgently, and between
urgently and needed, in the above message. When the cipher
text iz deciphered, a =pace will appear at the proper place
between the words. A thorough explanation of Z-spacing ia
included in paragraph 13b.

(6) Since the drive knob is locked at the end of each op-
erating cycle, the indicating disk must always be moved
before another letter ean be enciphered or deciphered. Occa-
!In:mallz,r the desired letter is already in position before the
indieating disk is moved. If this happens, move the disk to
another letter and return it to the desired letter. Thia will
release the lock and allow the drive knob to be turned.

(6) When the message has heen completely enciphered, ad-
vance the paper tape two or three inches and tear it off at the
cutting edge.

22

R ——— . . ——————

TH 11-380

INSTALLATION AND
Par. 10-11

OPERATION

(7) Note that the cipher text has been automaticzlly spaced
into five letter groups. 1f the last group gontains only 1, 2, &,
or 4 letters, add enough X's in pencil to make it a complete
5.letter group. DO NOT ENCIPHER THESE X's TO COM-
PLETE THE LAST GROUP. S8uch a practice reduecs the
security of the system and aids the enemy in sclving the

MEzEage.

(8) Now print at the beginning of the messnge the syetem,
message, and cipher key sndicators, and repeat them in that
order at the end of the measage, From this point, the code
clerk will follow the procedure for cryptographed messages
as outlined in FM 24-5, Basic Signal Communication, or the
standing operating procedure of his unit.

11. DECIPHERMENT. The deciphering operator must have
initial settings on his machine which are identical to thosze
uzed by the enciphering operator. Retaining the settings of
eables 1 and II, decipher the message which was enciphered
in paragraph 10¢. Proceed as follows:

a. Make certain that the drive knob is In a locked position.
b. Turn the encipher-decipher knob to the I position.

& Zoroize the letter counter,

d. Cheek the message indicators at the beginning of the
message with those at the end to make =ure that they are
the same, and align the key wheels in aceordance with the
message indicator.

¢. Proceed as in encipherment; locate the cipher letters one
by one on the indicating disk, and operate the drive knob in
one complete cycle each time. Digregard the spaces between
the groups of the cipher text. Carry in mind one G5-letter
group at a time so that it will not be necessary to look at
the text for each letter; this will keep errors at a minimum.
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f. Upon completion of decipherment, advance the tape until
the printed clear text is beyond the cutting edge, and tear it
off. If the letter %" was used as a space between words when
the messpnre was enciphered, the elear text will appenr in its
original word form. Local measage center procedure will be
followed In sorvicing the messape and delivering it to the
addreszee.

12, FEROIZING THE MACHINE. When the converter is to
be elosed at the end of a day or a period of operation, the
internal keying elements of the device must be zeroized. First,
push all of the key wheel pins to the left or ineffeetive posi-
tiom. Second, move all lugs to the zero positions on the drom
bars, Tear off any tape which containz printing, and cloze the
outer cover of the machine. The converter should then be

placed in the canvas case provided, and kept in a dry place
arntil nsed again.

13, SPACING.

a. Awtomatic Spacing. Five-letter cipher groups are obtained
only when the encipher-decipher knob is set in the encipher
position. This spacing is automatic and is ignored by both
enciphering and deciphering operators.

b, Z-spacing, If the operator enciphers a Z for each space
between words of clear text, the deciphered message will ap-
pear in its original word form (par. 10e(4)). Thiz is made
possible by the elimination of the lotter & in the deciphering
process. Such & word az ORGANIZED will appear in clear
text ns ORGANI ED, but the missing letter enn ensily be
supplied from the context of the message. The printing of
the Z is prevented only when the encipher-decipher knob is
get for deciphering.

14. USE OF LETTER COUNTER. An aperator who wishes
to check a word or correct an error, or who has lost his place
in the message he is enciphering or deciphering, need not
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start at the beginning of the measage if he hans & proper
understanding of the letter counter. Whenever 1t 15 NECessary
to check back in the message for any reason, procecd as
follows:

a. Determine the place in the message where the error oc-
curs. Count the letters from the beginning of the message to
the error, If the count is made from clear text, remember to
count spaces alzo. In eipher text, the number of groups can
be multiplied by five (there are five letters in each gEroup),
and any extra letters which are correct can be added to the
product. For example, in the message naed in pnragnu:li 10,
ZREINFORCEMENTS URGENTLY NEEDED,” a mistake
might have been caused by skipping a letter in decipherment
go that the following text resulted: S“REINFORCEMENTS
URGENQCTLYV ete.” A count of the letter in error will show
that all letters through the 20th are correct.

b, Turn the letter counter back until it reads 20. Count the
cipher text letters up through the 20th {(four [._.fl'l:lll::l'pﬂ], and
begin from there by deciphering the Z1st letter, Thia process
may be used for reenciphering or redeciphering any portion
of a message as long as the indieators remain the aame.

15. CAUSES AND CORRECTION OF GARBLES.

a. General. Faulty operation of a cryptographic device,
errors made in transmizsion, or mistakes made by pither the
enciphering or deciphering operator may produce garhled
text. The garble may be so slight that the text may =till he
read, or it may likewise bhe so serious that the text will be
unreadable. Tt is important that operators of Converter M-
209-(*) recognize the types of garbles and know their causes,
and whenever possible, make correction. The operater afonld
always make every possible attempt to decipher o mesgage
before asking for a service on i, There are five common causes
of parbled text.
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b. fucorrectly Set Koy Wheel Pie, One incorrectly placed key
wheel pin will result in garbled text. Thia type of garble i=
recognized by & single-lelter error appearing periodiezlly in
the text, i. o., by errors which are an equnl distanee npart,
Location of the incorrectly set pin i= accomplizshed in the
following manner :

(1) Count the number of letters ineluding spaces from one
garbled letter to the next. This number determines the key
wheel on which the pin iz loeated, If the eount iz 17, the
incorrectly set pin will be found on wheel nomber 6 (number-
ing from left to right), because this wheel contains only 17
ping (table I). IT the count is 19, the incorrectly set pin will
be found on wheel number 5; if 21, on wheel number 4; if 23,
on wheel number 3; if 25, on wheel number 2: if 26, on
wheel number 1, The following message is slightly garbled
as the result of an incorrectly =et key wheel pin:

NOW IS5 LHE TIME FOR ALL X00D MEN

If the deciphering were continued, the error would appear
periodically at the same interval., A count shows that from
the first error to the second, there are 17T lotters and spnees,
indicating that the incorrectly-set pin iz on key wheel
number 4.

(2) Following the directionz given in paragraph 14, turn
the letter counter to the number of the last letter deciphered
before the garbled letter appeared. In the example above,
the counter wonld be turned back to 7.

(3) By using the following table and counting over the top
of the key wheel which contains the error, beginning with the
letter which is on line with the bench mark, the pin which
was in the operation at the time of the error will be located.
Wheel Mo, p [T, TR PR S T
Count back 16 15 14 13 12 11
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If A were aligned on the key wheels, the pin in operation for
the next letter would be the one associated with the letter P
for whes]l nomber 1, O for wheel number 2, N for wheel
number 3, and so forth, After determining the pin in error,
turn the wheel until that pin is visible, and move it to the
other side. Resot the key wheel to its proper place and de-
cipher the letter to determine whether the trouble has been

corrected.

e. Incorvectly Set Drum Far Lug, Garbles caused by an incor-
rectly set drum bar lug are recognized by a nonperiodic ap-
pearance of errors throughout the text, which may or may
not be readable at first sight, Such garbles can be divided into
three types according to the resulta produced:

(1) The first type is caused by a lug which has been made
gffective, when it should be noneffective. Thiz condition adds
one positive “kick” in the operation of the machine. In this
cuse the letters which are in error will always be those letters
which immediately follow the correct letters in the alphabet.
The text might appear as follows:

NOX IS THEAUIMF FORAAML HOOE MEN

(NOW IS THE TIME FOR ALL GOOD MEN)

Note that each incorrect letter takes the place of that letter
in the alphabet which just precedes it: X for W, A for &
{space), U for T, F for E, and so forth.

(2) The zecond type iz caused by a lug which has been placed
in & noneffective position, when it should be in an effective
position. This condition resulta in one lezz “kick™ in the
machine's operation; that is, the letter in error will be that
letter which immediately precedes the correct letter in the
alphabet. The text might appear as follows:

NOV IS THD TIME FOR _KL GOODYMEN
(NOW IS THE TIME FOR ALL GOOD MEN)
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Hers it can be seen that the ineorrest letter V precedes the
corrvect letter W in the alphabet, that D precedes I, and so
forth.

(3) A third twpe of errvor results when a lug is made effective
in the wrong pesition. For this caze there will be both plus
and minus “licks" in the operation of the machine. The result
will be that some of the lotters in error will be those letters
which come immediately before the correct letterz in the
alphnbet, others will be those which come immediately after
the correct letters. The garbled text usually has mo re-
gemblanes to the original eclear text, and may appear as
Tollows

NNWAJTYSHDATHMF FNR
(NOW IS THE TIME FOR ALL GOOD MEN)

Comparizon of the elear toext with the garbled text will show
that the garbled letlers are either immediately before or
immediately after the correct letters in the alphabet.

NOTE: There is no way of finding the particular
lag which is in error in the above cases. However, it
iz pozsible to obtain clear text if the operator substi-
tutos letters as directed in the preceding paragraphs,

d. fweorreet Setting of Todicator, This mistake will result if
the eneiphering operator fails to copy down the correct mes-
sage indieator or cipher key indieator; if the receiving opera-
tor records the message improperly; or if the deciphering
operator malkes an accurate setting. In any caze, unreadable
text will be the result. Correction can be made only by re-
ferring to the correct indicators. Receiving operators must
always check the indicators at the end of the message, as
well as those at the beginning. Theze two indicators should
be identical, but if they differ, the receiving operator will
have to try them both in attempting to decipher the message.
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e. Transmission Errors. The frequency of garblea dug to
transmission errors will depend upon the efficiency of ‘trans—l
mitting and receiving operators and upon the quality of
trangmission. A knowledge of Morze code will help the de-
ciphering operator to see the errors possible due to transmis-
slon, and to correct them.

f. Omissions or Repetitions. The deciphering operator’s ma-
chine may produce readable text up to a point u?ter which a
garble appears. The cause of the parble will either be the
omission of letters or groups, or the repetition of letters or
groups. To determine the cause of the garble, the operator
must make several checks.

(1) First, the eryptographed fext is examined for the repeti-
tion of letters or groups. Identical groups will probably f'mt :
appear side by side, but may appear as in the following
example:

QHELV NCRQH ELVOP
In this case the operator would turn the counter back to the
number just preceding the number of the first repeated letter,
and proceed with the decipherment omitting the repeated
(2) If po groups are repeated in the message, ench Broup
should be examined to determine whether any group contains
more or less than five letters, If a group contains less tl:fm
five lettors, a letter, or letters, has been left out in transmis-
sion and the letter counter must be torned up the necessary
number of times before proceeding. If a.group contains more
than five letters, a letter has been added and must be omitted
when deciphering. :
(3) Trouble may result due to the deciphering -:.up_eratnr’s
carelezsness or to an interruption in his work; in which case
the letter eounter must be turned back to the last letter of
clear text (par. 14), before deciphering is continued.

{4) Omission of a code group within a message, during trans-
mission or reception, is one of the most difficult errors to
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loente, If ap ervor occurs which is not of o type deseribed in
the preceding paragraphs, the operator can assume the omig-
sion of ome or more groups. The lotter eounter should be
moved up five peints from the number of the last correct
group before proceeding. If clear text is not obtained by =,
moving the letter counter up 5 points, it ghould be moved up
1(} points, or 15, until clear text iz produoced.

16. OPERATION CAUTIONS.

a. General, Most failoves of Comverter M-209-(*) can be
erodited to eareless or faulty operation rathor than to the
machine, The converter i dezigned to withstand hard usage
in the fleld, and is thercfore rugred in ils construetion, but

it must be handled with a reasonable amount of care if it is
to rive satisfactory serviee.

R LN
arrection

Jettor counter up five points,

(a) Leave out repeated letter.

Turn letter counter up one,

< Bnibgiiin,

counter back to number before error;

eount around wheel to pin in offect,
change this pin to proper position.

Determine meaning from econtext, or

Suhstitute letters which appear before
ask Tor stervice on MEessnge.

Count interval between errors; turmn
and after garbled letters in alphabet,
and attempt to read the message.

Obtain correct indicator setting.
(b} Omit repeated group.

{d) Turn

(e}

b, Check Lise. Certain cautions have been mentioned through-
out this section of the manual which, if properly observed,
will help to keep the machine running smoothly. Thesa cau-
tions appear below ae a check list for the new oparator:

(1) In making preliminary zettings, each key-whesl pin must
be puzhed all the way to the right or left; do not leave a pin
in an intermedinte position. |

TaABLE 3. GGarbie eorreetion charl.
Clanuze

{2) Drum bar lugs must be properly seated in the holes pro-
vided for them.

Incorrectly set key wheel pin.
Incorrectly set drum bar lug.
Tnearrect indicator seiting,
Poor transmission.

{a) Repetition of letter.

(b} Repetition of group.

(2} Omission of letter.

() Omission of group.

(3) The reset knob muzt click into place after being turned,
and a complete figure must he visible on the letter counter.

(£) Koy wheela will ¢lick when moved into position. Do not
allow o key wheel to remain in an intermedinte position.

Firror

(6) Turn the drive knob in & complete eyele until it locks.
Avoid an excessively rapid or jerky motion.

appear unrendabla).

tain point, followed

(may or may not
by garble.

Unreadalle text,

orrir.

(6) The indieating disk muat not be moved until the drive
knob haz made a complete cycle. ||

a1
30
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1. Peripdic zingle-lelter
% Wonperiodio errors
5. Clear text up 10 car-
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{(7) NEVER USE FORCE TO CLEAR A JAMMED MA-
CHINE. Paragraph 25 gives inztructions for eliminating a
jam.

17. SECURITY CAUTIONS.
g, Change the message indicator for each messapre sent.
b, Destroy all printed tape not pasted to 4 message blank,

¢. Do not encipher X's to fill out the last cipher group of a
message, Complete a group by adding X's in pencil.

d. Be very careful to aveid errors while enciphering. Errors
may help an enemy to break down the cryptographic systom
In use,

T™ 11-350
Par. 18
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SECTION III
FUNCTIONING OF PARTS

18, THEORY OF OPERATION.

Converter M-200-(*) operates on the eryptographie princi-
pal of reciproeal-substitution alphabets. The effect iz that of
sliding n normal-alphabet sequence against reversed normal
alphabet. The manner in which the various elements of the
ponverter shift the alphabets, with respect to each other, pro-
duces a high degree of irregularity in the letter substitutions
during encipherment. For example, in the enciphering of a
message, the alphabets might be arranged in the following
manner for the first letter:

.-‘.EGDEFGI-!IJELBINGFQRSTU\’W}{YE
KIIHGFEDCBAZYXWVUTSRQPONML

Thus, if K were the flrst letter to be enciphered, ita cipher
equivalent would be the letter A. For the second letter to be
enciphered the alphabets might be arranged as follows:

ABCDEFGHIJKLMNOPQRSTUVWXYZ
RQPONMLKJIHGFEDCBAZYXWVUTS

If K were also the second letter to be eneciphered, its cipher
aquivalent would be the letter H. The continual shifting of
the nlphabets is the fuctor which provides security for mes-
anges enciphered with Converter M-209-(*).

b
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10, KEY WHEEL ASSEMBLY.

a. The key wheel assembly comprises the six key wheels (42)
with their ratehets, pawls, and gears (38); the reset knob
(39) and key wheel shaft; the key wheel intermediate gear
shaft and gears (36); and the letter counter (2). The key
wheel ratchet and pawl arrangement cannot be seen clearly
unless the key wheels are removed from the shaft. Figure 8
Bholow shows an inside view of each key wheel gear,

b. The key wheels are operated by the drive knob (35) on
the right-hand zide of the machine, The key wheel gears are
driven by o set of intermedinte genrs located behind the six
key wheelz. A key wheel feed-cam azsembly on the right drum
disk moves the set of intermediate gears one notch each time
the drive knob is rotated. The intermediate gears vary in
cireumference and number of teeth. The smallest gear has the
grentest number of teeth, and is located on the left. The
largest gear has the smallest number of teeth, and is located
on the right. This variation iz necessary due to a like varia-
tion in the key wheels driven by the intermediate gears.
Letters of the alphabet appear in normal order on the outer
rim of each key wheel. The key wheel on the left has the
greatest number of letters, and the key wheel on the right has
the smallest number of letters (par. fa). For each letter on
the key wheels there iz one pin, and for each pin there is a
tooth in the nssocinted Lkey wheel gear. To allow the key
wheelz to move simultaneouszly for one space during each
operating eycle, the key wheel gears are so constructed that
they compenszate for the differences in the spacing of the
key whee] pins.

c. A ratchet pawl permits turning the key wheels indi-
vidually by hand, but in one direction only. When the relative
positions of the key wheels are changed. different combina-
tions of pina result without resetting all key wheel pins. The
letter counter records numbers from 0000 to 9998, and i=
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driven by a gear on the left-hand side of the intermediate
gear shaft. The counter will operate only when the key wheels
are turned ns o unit. The reset knob will zevoize the letter
counter or turn the key wheels back to any previouns setting.

4. A different pin on each wheel comes into play for each
letter cryptographed, until the wheels have made one complete
rotation. However, each key wheel pin is not necessarily in
an effective position, Paragraph 8 explains that only those
pins which are pushed to the right ave effective.

90, GUIDE ARMS. Six guide arms, one for each key wheel,
are located between the key wheel assembly and the drum
(fig. 9). The guide arms form the link between the key wheals
and drum bars. When a key wheel pin in the effeetive position
comes into play the nssociated guide arm is released allowing
the guide nrm spring to push the guide arm toward the rear
of the machine. In this position, the guide arm will, when the
drum is rotated, make contact with the drum bar lugs in line
with it. For example, the guide arm for wheel number 6 will
contact those lugs which are in the number 6 position on the
drum bare, When the drum is turned, the guide arm forces
the drum bars it controls to the left, which is their effective
position. A key wheel pin in the noneffective position holds the

. guide arm it controls in an inactive pogition. A poide arm held

in an inactive position has no effect on the operation of the
train of gears for that particular cycle

21, DRUM ASSEMBLY.

4. The drum assembly (fig. 10) consists of the shait and
disks (30), the bars (31), and lugs (32), the step and lock
arm (fig. 9), and the gear, Attached to the ghaft, and op-
erated by it, are the paper feed cam and the printing eam.
Paragraph 28 expluins the functions of the paper feed eam
and the printing cam. The 27 drum bars are numbered on

3D
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- 2 2 tha face of the right-hand drum disk to assist the operator
- L;L E :E in making the preliminary settings.
|l ™1 ]
Ix e iz b. On each drum bar are two movable lugs, The drum bar
¥9 % = 9 lugs may be moved to any one of eight positions. These eight
% & 8 E‘E f positions are numbered (on a number plate just behind the
EuiE e =L drum assembly), in the following order: 1 0 23459 6.

The zero positions are noneffective, but the other six are
effective positions located directly in front of the six guide
arms. The logs are placed according to the cipher-key list
in effect.

GUIDE &M COMB

CUIDE ARMS

¢. The drum assembly makes one complete revolution each
time the drive knob i= rotated, ond the effective drum bar
lugs are contacted by effective gnide arms. The drum bar
lugs are forced, one after the other, to the left. In the left
pogition the drum bar lugs act as cogs of a wheel, meshing
with the typewheel intermediate pear, which drives the tyvpe-
wheal. The typewhecl i3 turpned ng many letters aa there are
bars projecting from the left of the drum, A retractor forces
the bars back into neutral position after they have been used.
At the end of the operating cyele, a cam on the left-drom disk
pushes the drum lock arm into place; simultaneously a pro-
1 jection from the lock arm drops between two cogs of the
tvpewheel gear. The drum remains locked until the typewheel
is turned, moving the projection of the lock arm, and relens-
ing the lock arm.

Ficune B, Guide aria,

22, TYPEWHEEL ASSEMBLY AND PRINT ARM ASSEMEBLY.

| |
; dé a. The selting knob (B), indicating dizk (7), reproducing
b3 | Eﬁ digk (8), typewheel (5), and typewheel gear (43), are all
*‘::E E CE mounted on a ecommon shaft and make up the typewheel
2= 2 i i assembly (fig. 11). A serew in the end of the sghaft holds the
QE i & = typewheel assembly in place, The assembly is used to select
i L the letter to be eryptographed or decryptographed and print
¥ = the eneiphered or deciphered letter on a paper tape.
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b. The indicating disk, containing the letters of the alpha-
bet in normal order, is set to the desired letter by alignment
of that letter with the indicating index mark (%) on the
inner lid. During the operating eyele, the intermediate type-
wheel gear meszhes with the effective drum bars and drives
the typewheel pear. The typewheel prints the letter in posi-
tiom at the end of the cycle; printing is accomplished through
the action of the print hammer, The letter printed may also
be seen as the first letter visible on the reproducing disk, If
the supply of tape or ink pads should become exhausted, the
cipher text moy be eopied from the reproducing disk, one
letter after each operating cyele.

¢, The print arm azzembly is mounted on the shaft of the
eneipher-decipher knob and includes the print arm, print ham-
mer, and print arm stop. A spring attached to the print arm
and the base of the converter keeps the vequired tension on
the assemhbly.

d. Printing is accomplished at the end of each operating
evele, when the printing eam (fig. 10) on the drum shaft
allows the print arm to be pulled forward suddenly by the
print arm spring. The print hammer, & piece of hard rubber
clamped in the teeth of the print arm, sirikes the tope against
the inked typewheel, printing a letter. The printing cam, con-
tinwing its eyele, brings the print arm back to its original
position.

e. The print arm stop prevents printing of the letter Z
when the machine is being used to decipher. A eam on the
shaft of the encipher-decipher knob controls the operation of
the print arm stop, When the encipher-decipher knob is act
in the D position, the printing cam puzhes the print arm stop
forward and holds it. On the typewhee]l shaft there is o small
pin offset from the letter Z, which rests against the print arm
stop when & iz to be printed. As a resuolt, the print hammer
ia mot allowed to strike the typewheel and a blank space ap-
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pears on the tape. When the encipher-decipher knob is set in
the C position, the print arm stop is held back and does not
touch the pin.

23. PAPER FEED ASSEMELY.

a. The paper feed assembly eonsists of a large cam on the
drum shaft (fig. 10), an arm which rides on this cam, a pawl
and ratchet, a small 5-letter cam (13), a paper feed stop,
and a knob (fig. 12).

b. The revolution of the paper feed cam causes the paper
feed arm to move the paper feed pawl and ratchet one notch
for each operating cycle, advancing the paper tape ene space.
Double spacing between groups is accomplished by the 5-letter
cam, A projection from the paper feed arm rides on the outer
rim of the 5-letter cam which has two indentations on opposite
sides, As the projection rides into one of the indentations, the
paper feed arm moves the pawl and ratchet two notches, ad-
vancing the tape two spaces. After five letters have heen
eneiphered, the projection will again ride into an indentation
on the cam and permit double spacing.

e. Automatic spacing is not desired during deciphering,
and is prevented by the paper feed stop, The paper feed stop
is in contaet with the cam of the encipher-decipher knob.
When the encipher-decipher knob is set in the D position, the
arm of the paper feed stop iz raised and aligned on a fixed
projection of the drum shaft bracket. The projection of the
paper feed arm iz prevented from following the contour of
the 5-letter eam, resulting in continuous single spacing,
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24, CARE OF CONVERTER.

i, Proventive Checks. Converter M-200-(*) will offer fow
maintenance problems if it is operated correctly and cared
for properly, In many enges a thorough cleaning and lubriea-
tion will remedy mechanical difficultics, As the machine is
used from day to day, a few simple checks during operation
will help to keep the device in good operating condition.
Operators should check the following itoms:

(1) Spring tension of the vavious visible springs on machine.
(2) Proper lubrication.

(3) Amount of lateral play in the key wheels on the Key
wheel shaft (par. 26). (Key wheels must be sufficiently tight
to aveid slipping to one side, but not ao tight that easy turn-
ing is prevented.)

{(4) Dried ink on typewheel or dust in operating parts.
(5) Proper positioning of luga on drum bars,

{6) Tightness of screws on drum base.

b. Cleaning, From time to time certain parts of the mochine
will require cleaning.
(1) TYPEWHEEL. The typewheel may become caked with
ink and print indistinet or illegible characters, Brushing the
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typewheel with a small stiff-bristled brush may be sufficient
to clean it. If the dried ink has hardened, use a sharp instru-
ment to loosen the ink before applying the brush, Do not
damage the letters on the typewheel with the instrument.

(2) GENERAL. When the converter is nsed in the field, dust
may collect in the operating parts and impede their action,
especially if the machine has been oiled excessively. If the
machine becomes clogged, remove the parts as directed in
paragraph 34 and clean with a dry cloth. Lubricate the ma-
chine before replacing the parts. Remove the dust from cor-
ners and openings occasionally with a small brush, Always
close the outer cover when the converter is not in uze.

€. Oiling. The oil rod provided with Converter M-209-(*) is
attached to the eover of the oil can, and should always be
uzed to oil the machine. The bearings should be lubricated
oceasionally (for every 256 hours of operation) by placing
one to four drops of oil in the lubricating holes provided. The
drum bar slots on the left-hand side of the drum should be
kept well oiled, but all other moving parts should be lubri-
cated sparingly,

d. Paper Tape Supply. To insert freszh tape into the paper
feed mechanism, release the hinged guard which holds the
roll of paper in place and allow the guard to tilt forward
againet the inner lid, Remove the empty spool and place a
new roll of tape over the pin., (The tape must unroll in a
counter-clockwise direction.) Pass the end of the tape through
the zlot in the hinged guard, bring the tape forward, and
ingert it in the tape slot just above the encipher-deeipher
knob, Push the tape through the tape channel until it apponrs
between the typewheel and the tape-advaneing rollers. The
Enp? must pass under the paper puide spring immedintely
behind the typewheel, Next pass the paper tape between the
tape-advancing rollers (fig. 12), while depressing the paper
Pressure arm.
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&, [nk Pads. Additional ink pads will be found in one of the
small metal containers held by spring clamps in the outer
cover of the machine. To insert a fresh pad, open the inner
lid of the converter, use the tweezers to remove the old pad,
and insert a new one, The life of the pad, before replacement
igs necessary, can be prolonged by turning it end for end, The
ink pads szhould be re-inked with the special ink developed
for the ink pads, or with any standard purple or black stamp
pad inlk. Hectograph ink should not be used becausze it drics
the ink pad and makes it onfit for further use.

f. Minor Repair. The operalor of Converter M-208-(%*)
ghould be able to male cerfain wmdiner repdairs on the machine.
Paragraphe 25 throwgh 32 epplain the common minor troubles
and include information for correcting such troubles. Para-
griaph £4 erxploing fow fo dismantle the machine ond limits
operator’s nmaintengnee Lo miner repatre,

20, JAMMING.

a. Deseription ond Lecatfon. Converter M-209-(*) is jammed
when the drive knob will not revelve. Jamming may oecur
at any phase of an operating ecycle and is generally the result
of faulty operation. DO NOT USE FORCE IN AN AT-
TEMFPT TO CLEAR THE MACHINE. The operator should
first make the following checks to locate the cause of the
trouble:

(1) Move indicating disk slightly and realipn letter to be
encipherad or deciphered, Try drive knab.

(2} Move reset knob until it snaps into place (if not already
in place). Try drive knoh.

(2} Open inner lid. Rock drum back .and forth several times,
Try drive knob.

b. Couses. If none of the checks listed clears the jam, the
operator must determine whether the trouble iz due to one
of the following causes:
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(1) A DRUM BAR LUG OUT OF LINE, A BENT DRUM
BAR LUG, OR A BENT DRUM BAR TOOTH (fig. 10).
Open the inner lid. If the drum has been moved through only
part of the operating cycle, proceed ns follows:

() Using the flat side of the secrewdriver, push to the right
drum bars projecting beyond the left side of the drum. The
drum bars must be pushed until Aush with left side of the
drum,

{6) Turn drive knob until it locks,

{e) Check for o lug not fitted into a hole. Check also for a
bent lug, or for a bent drum bar tooth.

_{'d} If a lug or tooth is bent, straighten it with a pair of
pliera and use it until a new lug or bar enn bo obtained,

(2) BENT GUIDE ARM (fig. 9). Check each guide arm to
determine if one is bent and touching a drum bar or the base
of a drum bar lug, If a bent guide arm iz found, pull it back
toward the front of the machine, and turn the drive knob
to complete the cycle. Bend the guide arm back to its proper
position with a pair of pliers. The guide arm must make con-
taet with the side of the lug projection only. Do not bend the

guide arm into the eomb (fig. #), or the guide arm will not
operate freely.

(3) EXCESSIVE PLAY IN THE KEY WHEELS. Open
the inner lid. Check each key wheel to determine whother one
has slipped to the right and become disengzped from the key
wheel intermediate gear (fig. 8). Key wheels slip as n result
of the loosening of the right-hand shaft serew or of the key
wheel bearing screw (flg. 9). Re-engage the key wheel gear,
and tighten the right-hand shaft screw and the key wheel

bearing screw until the key wheels have no play to the left -

or right. It may be necessary to tap two or three times on
the end mt the reset knob before tightening the serews in
order to slide the shaft over to ite propor location,
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CAUTION: When tightening the key wheel bearing
gerew, do mot use too much pressure. The screw is
made of very soft metal and is easily broken.

(4) BENT TYPEWHEEL DETENT. The typewheel detent
ia located below and slightly toward the rear of the typewheel
wear. The typewheel detent rides on the typewheel gear and
makes the elicking noise heard when the setting knob is
turned. If the typewheel detent becomes bent to either side of
Lhe typewhee] gear, the entire mechanism of the converter
may jam. Raise the inner lid and remove the letter counter
{par. 34), If the typewheel detent iz bent, bend it back to the
proper position, and turn the drive knob. See paragraph 35
for information on replacing the lelter counter.

25, MINOR KEY WHEEL REPAIRS.

a. Key Wheel Rotates in Both Directions. (1) Move the key
wheels to the left or right to determine if there is play on
the shaft. If play is diseovered, add enough shims under the
left-end shaft serew to overcome the looseness, and tighten
the serews on both ends of the shaft. Test the rotation of the
key wheels.

(2) If a key wheel continues to rotate in both directions after
the procedure in the above paragraph has been applied, ru-
move the key wheels according to the directions for dis-
mantling the machine in paragraph 44, Separate the faulty
key wheel from its intermediate gear by turning the gear in o
clockwize direction, pulling the gear away from the key wheel
at the sume time., Bend the end of the key wheel pawl away
from the intermediate gear, so the key wheel pawl will fit
clogely apainst the key wheel when the two are placed together

(fig. 8). To fit the key wheel and the intermediate gear to-
gether, place the gear against the key wheel, and rotate the
gear in a clockwise direction while pushing it against the
wheel. Replace the key wheels according to instruetions given
in paragraph 34,
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b, Key Wheels Stick. Key wheels operating sluggishly or
sticking in intermediate positions probably are set too tightly
on the shaft. Check the key wheel bearing serew to determine
whether it has been properly set in the indent on the shaft.
If not, slide the shaft until the serew is fitted into the indent.
If this is not the trouble, remove enough shims from ecither
end of the shaft to permit fres movement of the key wheels,

e. Key Wheel Pins Stick, Place a drop of oil in the key wheel
pin slots (fig. 8), and push the pins back and forth several
timez. If the key wheels are dirty, wash them in a solvent
before lubricating the pin slots,

27, MINOR GUIDE ARM REPAIRS. A guide arm may be-
come bent at the point where it runs through the gnide arm
comb (fig. 9). If a guide arm is bent it may operate sluggishly
or may not become effective at the proper time, due to
seraping against the side of the comb. Adjust the guide arm
by bending with a pair of long-nozed pliers. Be certain not to
bend any other part of the guide arm.

28, MINOR DRUM ASSEMBLY REPAIRS,

@, Sprong Dram Bar (fig. 10). Remove a sprung drum bar in
the following manner: Grasp the left end of the bar just
inside the left-hand drum disk, and 1ift the bar slightly, Now
p_ush the bar to the left. When the drum bar has cleared the
_ru;ht. drum disk, grasp the right end of the bar and move it
in an are to the left. Work the left end of the bar free of the
d'mk spring. Insert a new bar by following the above instruc-
tions in reverse order. It iz not worthwhile to nttempt to
straighten a sprung druom har,

NOTE: Drum barz can he replaced by fourth and
fifth echelons only. This part is not supplied to first,
zecond, and third echelonsz.

T™M 11-380)
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b, Drum Bars Sifck, 1f the drum bara stick, place a drop of
oil in each of the drum bar slots on the left-hand drum disk

(fig. 10).

¢, Drum Notf Locking. Bend the projection from the drum
lock arm (fig. 2), so that the projection rides on the cam on
the left drum disk when an operating evele is completed. IT
the trouble iz not corrected, the converier must be serviced
by & repairman.

29. MINOR TYPEWHEEL ASSEMELY REPAIRS. If the in-
dienting disk turns hard, check one of the following troubles:

a, Fesufficient Space on Koy Wheel Shaft, Check the key wheel
bearing screw to determine that it iz properly fitted into the
indent on the shaft, If not, slide the shaft until the serew
fits, If there are toe many shims, remove as many as
NECESSATY.

b, Locking Arm Not Releasing Properly. The projection of the
drum lock arm, which locks the typewheel gear, should fit
snugly between the cogs of the gear. Adjuat the locking arm
by hending to the proper position.

¢. Bent Typewheel Dotent (2ee par., 250 (4.
d, Lack of Ofl on Skaft (fig. 8).

40. IMPROPER PRINTING.

a. Loase or Missing Print Arm Speing (fig. 121, If the apring
iz looze, shorten it and use it until another spring is available.

b. Misaligned Hammer Pad, If the rubber pad which is
mounted in the print hammer becomes oil-soaked or worn on
one side, it will fail to print properly. To remove the pad from
the print hammeoer; remove the typewheel, the paper guide
spring, and the hammer guard (fig. 12). Next loosen the
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clamps on the hammer and lift out the pad. Trim the pad
until it is smooth, or turn it end for end, and replace it in
the clamps, (Proper size of the print hammer is #&" long,
&" wide, and %" thick.) Do not clamp the pad too tightly
or the outer gurface will become rounded.

g, Sprung Paper Gufde Spring (fig, 12). If sprung, bend the
side of the paper guide spring which is out of line, until both
gides of the spring apply an equal amount of pressure to the
tape. When adjusting the paper guide spring, remember
that the print hammer must fall between the two arms of the
spring.

d. Sprung Ink-pad Helder. This trouble may result in the
printing of only a part of a character. Bend the holder into
its proper shape and use it until a new holder can be obtained.

31, IMPROFER FEEDING OF PAPER TAFPE. The paper
tape may feed improperly, or ccase to feed, due to one of
the following canses:

a. Clogging of the Tape at the Rollers (fig. 12). The tape will
clog when improperly inseried between the vollers (either
placed in crooked or not reaching to the end of the paper
pressure arm), or when stuck to the rollers, Remove the
clogged tape and insert the end of the tape between the
rollers, advancing it to the end of the paper pressure arm.
If gummed tape is used and continues to stiek, try turning
the tape over so that printing appears on the gummed side,

b, Flattened Roller, Regroove the roller with a sharp in-
strument.

¢. Insufficient Lubrication on Top Roller. il both endz of the
roller.

d. Weak Paper Pressure-arm Spring (fig. 121, This spring is
located on the inside of the left side-plate, toward the rear
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of the machine. Shorten the weak spring to provide sufficient
tension, until 2 new spring is available.

e. Misaligned Paper Pressure Arm. This trouble will cause
the paper tape to move out of line and become clogged in the
sides of the rollers. Bend the arm until the two rollers are
properly fitted.

f. Missing Paper Feed Arm Spring (fig. 12).

32, IMPROPER COUNTING. The letter counter will not ap-
erate correctly if improperly mounted. Follow the directions
for mounting the counter as given in paragraph 85, The
counter will be inaccurate if a tooth is broken off either the
counter gear (fig. 8), or the intermediate gear which meshes
with the counter gear,

49, COMMON MECHANICAL FAILURES.

a. General. It is impracticable to list all of the failures pos-
sible with Converter M-208-(*), A summary of some of the
more common mechanical failures iz given below as a check
list for the repairman, including those which have already
boen diseussed under the operator’s “minor repair” headings.

b, Check List for Repaivmen.

{1} Defective key wheel feed, allowing key wheels to remain
stationary.
{2) Too much play in key wheels on shaft,

{8) Jamming of lock on typewheel gear teeth.

{4) Inoperative drum lock, i. e., drum moves past stop.

{5) Drum out of line due to previous jam cleared by force.
(8) Sprung drum bar.

{7} Bent or burred drum bar tooth.

{8) Bent drum bar lug.

{#) Sticking of drum bar.
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(10) Failure in operation of feed stop pawl for key wheaels.

(11) Partial advancement of key wheels due to bind in key
wheel feed pawl,

{12)- Irregular or binding paper feed.

(18) Weaving of paper tape.

(14) Guide arms binding irregularly, or sticking in active
ar inactive positions.

(15) Weak, detached, or broken spring on paper feed pawl,
(18) Irregular printing due to broken or bent paper guide
EPTing.

(17) Irregular printing due to worn or looze printing ham-
mer rubber.

{1!3_} Failure to print due to weak or broken printer spring.
(19) Broken key-wheel-pawl ratehet spring.

(20) Key wheel pawl slipped out of ratchet,

(21} Key wheel pin sticking.

(22) Failure of typewheel detent (safety catch) to function
properly,

(23) Detached or broken typewheel detent spring.

#4. PROCEDURE FOR DISMANTLING.

a. Operator. Converter M-209-(*) can be sufficiently dis-
mantled for the operator to make any minor repairs necezsary
by following the numbered steps helow

(1) Remove ink pad.

{Z) BRemove letter counter (two screws).

(3) Remove key wheel left-end shaft screw.,
(4) Loosen key wheel bearing zcrew (fig. 9).

(5) ﬂ*it!:draw key wheel shaft (fig. 8) by pulling the reset
kmob (with the screw still in it) to the right, while rocking
the key wheelz with the palm of the left hand,
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(6] Remove typewheel assembly (fig. 11), Full the ink pad
holder back whan lifting the assembly ont.

(7) Remove key wheels (fig. 8.

b, Repairman. 1f a converter requires more than minor re-
pair it must be serviced by a repairman. In addition to the
dismantling procedure authorized an operator, a repairman
will continue dismantling as follows:

(1) Revolve the drum in the nsual manner until 27 on the
number disk is the only number visible; then remove the
drum bar lug number plate (fig. 3, (20)) by taking out the
two serews, lockwashers, and spacing washer. (After re-
moving number plate, complete the drum eyele.)
{2) Remove the right side-plate (4 screws). Note the dowel
which iz fitted into the end of the rear plate of the machine.
The side-plate must be pulled straight out in order to prevent
bending the dowel.
(3) Remove the intermediate gear assembly (£ serews). Do
not bend the dowel between the twe serews (fig. 8).
{4) Remove the left side-plate, procecding as follows:
(a) Unhook the print arm spring and the paper feed arm
gpring from the spring elip (fig. 12).
{b) Remove the screw on the left of the underside of the
base, This screw holds the encipher-decipher knob detent
ball and spring in place. Remove the ball and spring.
(¢) Remove the screw in the inset on the underside of the
base.
(d) Remove the screw on the lower back of the left side-
plate.
(e) Remove the screw spring and latch assembly on the
upper back of the left side-plate.

(5) Remove the two serews on the bottom of the drum shaft

bracket, and lift out the drum. Do not bend the dowel
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(6] Remove the guide arm shaft, puide arms, and intor-
mediate gear lock (fg. 9).

¢, Parts Accessible without Dismantling, After the repairman
has dismantled the converter as directed in the above para-

graphs, a number of paris are aceessible without any further
dismantling, These pnrts are as follows;

(1) The paper feed assembly and print arm assembly (parls
of the encipher-decipher knob shaft) on the left side-plate
(fig. 12).
(2) The paper guide spring and hammer nssembly (fig. 12).
(3) Partzs mounted on the base casting as follows:

() Ink pad holder and spring (fig. 9).

{b) Print arm and paper feed spring clip.

{c) Guide arm spring (fig. 9).

fel) Intermediate gear lock spring (fig. 9),

{e) Key wheel feed-arm assembly (fig. 9),

(f) Intermediate gear releasze-arm assembly (right side-

plate],

(g) Key wheel feed-pawl spring elip (upper right corner),

6. PROCEDURE FOR REASSEMBLING. To renssemble
Converter M-200-(*) follow in reverze order the procedure
given above for dismantling. Note the following special in-
structions:

a. The Guide Arms. Mount the guide arms as follows: Place
any guide arm numbered 156 in the first position on the guide
arm shaft (counting from left to right). Follow the guide
arm numbered 156 with the three guide arms numbered 234,
Next, place on the shaft the remaining two guide arms num-
bered 156, and place the intermediate gear lock (fig. 8) in
the extreme right position. The smaller end of the shaft iz
inserted in the lower bearing in the key wheel bracket, and
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the bent ends of the guide arms are placed through the slots
in the gunide arm comb. Each guide arm must rest on a part
of the flat spring. The intermediate gear lock rests on its
own spring, The right side-plate must be mounted before any
adjustment is made. Then adjust for tension, freedom of move-
meont, and alignment, Adjustments may be made by loosening
the three screws holding the guide arm comb in place, and
sliding the comb back and forth until the proper alignment
iz obtained. If necezsary, a guide arm which scrapes against
the comb may be adjusted by bending it with a pair of long-
nosed pliers. Bend only that portion of the guide arm which
aperates in the slots of the comb.

b. The Lejt Side-plate. As the left side-plate is slid into posi-
tion, lift the paper feed arm go it rests on the paper feed cam
of the drum, Replace the detont ball and spring in the under-
gide of the hase, and hook the springs to the spring elip.

¢. Key Wheels. To replace the key wheels, proceed as fol-
lows: Insert the key wheel shaft through the hole in the right
side-plate so the shaft reaches the position for key wheel
number 6. Each key wheel is numbered according to its poesi-
tion with the exception of number & which is blank. The key
whesl numbers are visible through o hole in the key wheel
gear and are engraved on the key wheel pawl. Place key wheel
number 6 in position and slide the shaft through it. Follow
with each key wheel in rveverse order, i. e, 5, 4, 3, 2, 1. Slide
the shaft completely through the typewheel assembly, Push
the reset knob against the key wheels until they fit cloaely to-
gether in place, and tighten the key wheel bearing serew. (Do
not twist off the head of the serew.) Next tighten the two
zerews at the ends of the shaft and test the typewheel and
koy wheels to determine if they turn freely, and check for
play to right and left, A certain amount of play is permissible
for the typewheol, but no play is allowable for the key wheels.
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d. ELeiter Counter. Before mounting, the counter must be
zet to 0000 or any multiple of five. The 3-letter cam must be
properly positioned to assure coordination between the cam
and the eounter. Proper positioning is accomplished by torn-
ing the drive knob a sufficient number of timea to bring the
dowel pins of the intermediate gear shaft to a vertieal posi-
tion. The eounter gear must mesh properly with itz inter-
mediate gear, so that 8 full series of numberz iz vizible
through the letter connter window.

f6. INSPECTION CHECE. The following check list should be
uged after repaivs and adjustmenta have been completed, Thizs
inzpection check will agsure that the machines are returned to
gervice in proper working condition. The troubles listed below
are Tollowed by sugpestiong for correction only where such
sugpestions are necessary.

a. Encipher-decipher Knah,
(1) Binding of knob, REALIGN LEFT SIDE-PLATE,
(2) No detent in knoh.

b, Letver Counter,

(1) Faulty alignment of numbers,. MESH TEETH PROP-
ERLY.

(2) Genr out of line
(3) Poor meshing of gears. ADD OR TAKE OFF SHIMS.

. Drum.

(1) Drum jamming. CHECE FPOSITION OF DRUM BAR
LUGE.

(2) Mo detent in bar.

(3) Sprung bar, INSERT NEW BAR.

(4) Sticking bar, CLEAN SLOT OR CHANGE BAR,

(3) Inoperative lock. ADJUST DRUM, AND CHECK LOCK
SPRING.

o8
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{6) Binding. CHECK ALIGNMENT.
(7) Improperly set bracket slot.
(8) Slipping of drum when intermediate lock is open.
(9) Number disk not pinned.

d. Driem Lugs.
(1) Too loose or too Light.
{2) Improperly fitted in drum bar slots.

g, Guide Arms.
(1) Too weak or too strong. ADJUST GUIDE ARM
SPRING.
{2) Too far from, or too close to, pins on key wheel. ADJUST
BY BENDING.
{3) Sticking, causing improper encipherment and decipher-
ment. ADJUST BY BENDING,
(4) Improperly adjusted to lugs on drum. ADJUST BY
BENDING.
{5 In wrong position, eausing false encipherment. CHECK
CUIDE ARM NUMEBERS; SEE PARAGRAPH 35.

f. Intermediate Key Wheel Gears.
(1) Too much play in key wheel releasc. USE SHIMS.
(2) Lock arm riding on drum. ADJUST EY EENDING.
(3) Drive gear making contact with drum bar. POSITION
DRUM PROPERLY.
(4) Faulty alignment of gears.
{5) Faulty timing of feed arm.

g, Paper Feed.
{1) Defective cam or loose taper pin.
(2) Defective paper.
{3) Jamming.
(4) Weaving of paper. ADJUST PAPER FRESSURE
EOLLER.

af
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{(5) Inoperative, CHECK FOR FREEDOM O MOVE.
MENT.
h. Pins [ key wheel ).

(1) Sticking. WASH WHEEL IN SOLVENT: LURRI-
CATE,

{2} No detent. REPLACE KEY WHEEL,

i. Key Wheels.
(1) Defective, REPLACE.

(2) Excesgive side play, TIGHTEN RIGHT-END SCREW
ON KEY WHEEL SHAFT, OR INSERT SHIM IF NECES.
aARY.

(3} Incorroctly positioned.

(1) Improper alignment.

(7) Ratchet defective.

(6) Binding and difficult to move,

Jo Key Wheel (7 ears.

(1) Bent. STRAIGHTEN IF POSSIBLE; OTHERWISE
REPLACE,

(2) Outof line. REPLACE.

k, Key Wheel Release.
(1) Sticking lever.
{2) Lack of play in reset button.
() Excess play in lever.
(1) Inoperative reset button.
{. Printing.
(1) Double print. ALIGN PRINTING HAMMER.

{2) Light on one side; ink pad not centered, ALIGN PRINT-
ING HAMMER.

G0
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i3} Parts of letter not printed, ALIGN PRINTING HAM-
MER; CHECK TEKSION OF PAPER GUIDE SPRING.
(4} Poor specing.

(53) Prints Z with machine set to decipher. CHECK PIN ON

{6) Groups irregular. CHECK INTERMEDIATE FEED
ARM ON RIGHT OF DRUM.

{7} Letters appearing in groups of 10, 16, or 20, but not 5.
CHECK PAPER FEED.

. Serews.
{1y Looze,
{2) Marred.
{3) Missing.

M, Npriwgs,
(1) Deformed, REPLACE,
(2} Missing.
(4} Unattachead.

o, Typewheel.
(1) Binding.
(2) Detent stiff,
(3) Excess play.
(4) Typewheel gear riding on counter shaft.
() Inoperative lock. ALIGN DRUM,
{8) Drum lock jamming on typewheel gear tooth.

fr. Washirs,
1) Missing.
61
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APPENDIX I

PREPARATION OF PIN AND
LUG SETTINGS

1. FIN SETTINGS.

a. Prepare a table of the key wheels by listing, in alphabet-
ical order, the letters appearing on the face of ench wheel: the
first wheel, A to Z; the second wheel A to Z, omitting W; the
third wheel A to X, omitting W; the fourth wheel A to U}
the fifth wheel A to 5; and the sixth wheel A to Q.

b. Prepare a set of 156 lettered cards, 78 of which =re
marked R (right) and the remainder L (left). Shuffle the
cards thoroughly and draw one at a time. Start with A on
wheel number 1, and prepare the key list in accordance with
the cards drawn: if a eard bears an L, eross out the lettor ;
if a card bears an R, do not cross out the letter. Only lotters
with eiffective pins are then shown in the key list (table I,
page 13}, More than six consecutive effective or noneffective
pins on any wheel must be renrranged in order Lo prevent use
of such a sequence. A random arrangement, in which from
40 to 60 per cent of the pins are in the effective position is
azzured by this method.

E_, LUG EETTINI:SE. To prepare a table of favorable lug set-
tings, proceed with the following steps in the order given:

. Selection of Numbers. Select a sot of six numbers from
either group A or group B in appendix II, Sets of numbers
selected from group B must not exceed 10 per cent of the

70
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total sets zelected. The sets are selected at random from the
table, and & =et iz not used a2 second time az long a5 other
unusod sels arve availoble, Sets of numbers from group B
should be used at irregular intervals and should not succeed
each other in a key list.

b. Rearrangement of Numbers, Rearrange the numbera so that
they appear in random order.

¢. Distribution of Oeerlops. When the two lugs on a har are
both placed in effective positions, an overlep results. The total
overlap is found by subtracting 27 (the number of bars on
the drum) from the total of the six numbers in a set. The
overlaps required for each set of nmumbers have been ecalcu-
lated, and are given with the sets appearing in appendix II.
Distribute the overlaps among the numbers necording to the
following four rules:

(1} Maost of the six numbers should be involved.

(2) Owverlape should inelude numbers which are separntod,
and numbers which are =side by side.

(3) Heweral =mall overlaps should he used in preference to
one large overlop.

(4} There must not be more than four overlaps between any
two numbers. It is permissible, however, for a number to have
a combined overlap of more than four. (The number 12 in
subpar. k below haz a combined overlap of five).

The above rules offer a general guide for overlap distribu-
tiom, but somoe deviation can be mode from all but the rule
appearing in subparagraph (4) above, which muzt always be
followed.

d. Cheehing Placement of Oeerlaps. Thoe overlaps muat bo g0
placed that & single number, or the sum of any two, thres,

lour, five, or all aix of the numbers, yields all the values from
1 to 27, inclusive. Remember that the result of two effective
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Iugrs on the same drum bar is one, As an example, in table I11
there are three effective lugs in eolumn 6, and one effective
lug in eolumn 3, giving a total of four. However, two of the
effective lugs are on one bar which eancels the effect of one
lug, yielding o result of only three. Henee, the proper fotal
for columns 3 and & is threo (two plus one), and nok four.

e. Preparing Lug Setting Work Sheet. The effcetive lugs (rep-
rosented by X's) are now entered on a2 work sheet similar to
that shown in table IIT; lugs in the same column are placed
on suceessive drum bars in as many cases as the overlap con-
dition permits. The eompleted work sheet should be checked
carefully for accuracy with the results of the previons steps.
The two zero positions need not be shown on this chart.

I Preparing Lup Setting Table. Convert the lug positions set
up on the work shect to the form illustrated in table I, page
156, by writing the numbered positions of the logs opposite
the number representing the drum bar. Determine the posi-
tioms by referring to the number plate (20) at the rear of
the drum bar cage.

g Complete Preparation of Lug Setting. The following example
serves to illustrate the preparation of a lug setting. The steps
are numbered to corregpond to the steps deseribed in sab-
paragraphs 2a to 2d.

(1) Select a set of numbers from group A.

1,:2, 5.6, 10, 12 Overlap=>6

{2) Rearrange the numbers,
2,012, 1, 6, 10, 3
T2
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(4) Distribute the overlaps.
Columns: 1 2 3 4 i 0
] 1 ¥ |

b 10
LIJ‘
2

1

1
fu) All of the six numbors arve involved.

() Columns side by aide: Columns separated:

4 and 5 1 and &
1 and &
D and b
3 and 6

fo) Small overlops are used in preference to one large one.

{el) Overlaps involving only two numbers do not exceed four,

(4) All values from 1 to 27, inclusive, are obtained. For
cxamplet

is given by column 3.

8 given by eolumn 1.

is given by eslumn 6.

is given by columns 1 and 6.
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is given by columns 2 and 4, and s0 on,
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