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DESTRUCTION NOTICE

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

WHEN—When ordered by your commander.
HOW —I1. Smash—Use sledges, axes, handaxes, pickaxes, ham-
iners, crowbars, heavy tools, heel of a boot, ete.
2, Cut—Use axes, handaxes, machetes, etc.

3. Burn—Use gasoline, kerosene, oil, flame throwers, in-
cendinry grenades, ete,

4. Explosives—Use firearms, grenades, TNT, ete.

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

USE ANYTHING IMMEDIATELY AVAILABLE
FOR DESTRUCTION OF THIS EQUIPMENT.

PRELIMINARY 1. Mowe all drum bar legs fo zero positions.
2. Move all key wheel pins to left positions,

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

2. Cut—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 alter
hreaking.

DESTROY EVERYTHING

VI

RESTRICTED

This menunl supersedes TM 11-850, 27 April 1042, and
TM 11-3808, 20 Seplember 1043,

SECTION I
DESCRIPTION

1. GENMERAL.

a. Converter M-208-(*) i a cryptographic device issued by
the Signal Corps for use in divisions and lower units, down
to and ineluding battalions. It may also be used by units
larger than division, or by any other organization authorized
by the Chief Signal Officer. The converter provides a securo
and rapid method of cryptographing tactical messages, and
may be operated by personnel not extensively trained in
eryptography.

b, Imstruetions in this manual are applicable to all erypio-
graphic systems using Converter M-208-(*), as modified by
publications used with a particular system, The symbol (%)
iz used throughout thizs manual to refer to Converters M-20g,
M-2089-A, and M-209-13, .

2, PURPOSE.

a, Converter M-200-(*) is a small, compact, hand-operated
tape-printing, mechanieal deviee designed for rapid encipher-
ing and deciphering of tactical messapes. When properly set
and operated, it will encipher a plain text message of any
length, automatically printing the encipheved text on a paper
tape in 5-letter groups; or it will decipher a message that
has been previeusly ceyptographed by another Converter
M-209-(*), printing the clear text on a paper tape with
proper spacing botween words,

b, The converter is contained in o metal box, and is normally
carried in & canvas case, suspended by a strap over the shoul-
der. The ense has compartments for earrying the manual,
pencils, extra tape, message books, and message elips. Inzide

1
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CONVERTER AM-209, M-208-A,
M-208-B, (CIPHER)

the eover of the converter are clamps for holding n serew
driver, a pair of tweezers, an oil ean, an ink pad can, and
tho roll of paper tape in use, When desiroed, o hand-earrying
strap may be attached to the left s of the machine.

4. MAIN COMPONENTS AND ACCESSORIES.
@ Converter M-200-(*) congiats of the following main com- |
ponent parts with weights and dimensions as shown (fig, 1) :

i DHimensiona W eight |
Qeantily Farl (inches) | (pounds)
1 L[l' verter HM-200-(*) T x 5lg x 314 i
1 canvos (complete | Sk x 6l x 0 1 f
with mepQ‘l
1 Strap, hand-carrying 1154 long

[complete with snaps)

. The following accezsories are 'H:.u:-.d with the converter:

(ruandely Farl .“l.r.l enslons (ine l’.'r §
1 [j:l!:. nil. 1.1.-'|-1i| OOVER 2 5 X _:-_1,
1 Can, ink pad, with cover | 28 x 3¢
1 Serew drivaer 4 long (235 blade, 3g tip)
1 Tweagers 4 long
5 Pad, ink (inside ink pad oan)
= | Tape paper rolls (1 in
s, 1 spare) 4 dinm. approx.; 15 wide
4 | Clips, mesange RRE= i

2 | TM 11-380

The total weight of Converter M-209-(*), including its
accessories, is approximately 73 pounds. 1t weighs about 10
pounds when packed for shipment in this country, and has g
volume of about 0.37 cubie foot.

L IDENTIFICATION OF PARTS,

. Preliminary Procedure. Open the outer cover of the machine
Ly pushing the butten located in the center of the front of the
eover. Raiae the inner lid from the front by lifting it off its
spring cateh.

iy

Tw 11-380
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IE:I Canvas cnko,

@:} Converter M-200-(").

@ Carrying stron, (7) Tweozerd,

(i) Iand strap. (5) Ol can.
Fioure 1. Main coimponents end aecessories.

@ Beraw driver. (8) Ink pads.
(140

Ink pad can,

() Mussage clips,
@ I‘nper tapa,



TM™M 11-380 CONVERTER M-200, M-200-A,
Par. 4 M-209-B (CIPHER)

TeTalR

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

b, Numbered Reference List. Operators of Converter M-208-
{*) can identify all the parte of the device by referring to the
following list and fizures 2 and 3. Numbers in parentheses
guch as (10) correspond to those in figures 2 and &, and
should be studied with an opened converter nearby so that
each part may be located. These numbers will be uzed throngh-
out this manual to assist in identifying parta,

4
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DESCRIPTION ) Par. 4:5 i

{1) Letter counter window, {23) Paper guard cateh.

(2) Letter counter. (24) Paper guard.

(3) Indicating index. (25} Paper roll.

{4) Ink pad. (26) Tweezers.

(6) Typewheel (27) Reset button.

(#) Reproducing disk. (28) Inner lid.

(7) Indicating disk, (28) Number plate.

(8] Setting knob. (300 Drum disks.

(#) Encipher-decipher knob, (31) Drom bar.

(10) Reading window. (82) Drum bar lug.

(11) Paper feed knob. (83) Imterlock lever.

(12) Paper feed ratchet. (34) Guide nrm.

(18) B-letter cam. (35) Drive I«:nrfh.
{14) Paper tape. {86) Intermediate gear.
(16) Paper pressure arm. {87) Key wheel bench mark,
(16} Cover support. {88) Key wheel gear.

{17) Ink pad container. (80) Reset k1l1r>h. :

(18) Serewdriver. (40) Ineffective pin.

(19) 0Oil can. (41) Effective pin,

(20) Outer cover. (42) Key wheels,

(21) Catch for inner lid. {48) Typewheel gear,

(22} Cover entch button.

5. PRINCIPAL OPERATING PARTS.

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

Wheel Ne. No. of letiers Letlers
1 26 A-2
. 25 A -7, omitting W
3 a3 A - X, omitting W
q 21 A-U
a 14 A-3
6 17 A-0Q



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

(2) Mear the rim of the key wheels, and just below each
letter, & small pin projects from one side or the other of the
key wheels. The Jey whee! ping moy be pushed from side Lo
side in the slots in which they are set. The letters and pins
are arranged as part of the preliminary setting 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
veset knob (39), The key wheels may be turned as a unit in
either direction when the rezet button (27) iz depressed and
the reset knob twisted, Individual wheels may be turned by
hand in one divection omly.

b. Imdicating Disk (7). The indicating disk is the larger of
two dizks located on the left-hand zide of the converter.
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 fndieating index (8). The large knob on the left
of the indieating dizk iz used for turning the disk to the
desired letter.

c. Reproducing Disk (6). Tha letters of the alphabet are en-
graved in reverse order upon the reproducing dizk, the
gmualler disk located just to the right of and on the samo
shaft as the indicating disk. When the inner lid is closed,
four of the letters can be =zeen through the reading wwindow
(10} on the edge of the inmer lid. The first letter, nearest
the front of the machine, is read when this disk is used (pars.
108 (5) and 225).

d. Typewheel (5). The typewheel iz mounted on the same
shaft with the two digks mentioned above, On itz rim are
raised letters for printing, These letters are also in reverse
order. The lngt letter printed and the letter which s rend on
the reproducing disk are the sama.

¢. Paper Feed Kwob (11), The paper tape is advanced auto-
matically when the comverter is operated, and also can be
fed through the rollers by torning the paper feed knob, The
knobh turns toward the rear of the machine only,

6
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TM 11-380 CONVERTER M-209, M-209-A,
Par.5 M-208-B (CIPHER)

f. Paper Pressure Arm (15), On the iront 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 eutling edge is
provided on the end of the pressure arm to facilitate tearing
off the tapa. '

g Letter Counter (2). The letter counter is visible through
n window in the left front corner of the converter, It counts
letters enciphored or deciphered up to 939%, The counter is
returned to zero by turning the resef Eneb (39) in either
direction while depressing the reset button (27) on top of
the inner lid.

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

i. Drive Knob (35). The large black operating handle on the
right-hand side of the machine is the drive knob, Ench time
the indieating dizsk is moved, the drive knob may be turned
onee and 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. Dram. When the inner lid iz open, the drum can be seen
at the rear of the machine, On the drum ave 27 druae bors
(31}, which occcupy about two-thirds of the circumference
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, pumbered 1 9 2345086

Each lug fits into 8 small hole at esch position. It must be
pushed slightly toward the front of the machine before it can
be disengaged from one hole and slid along the bar inte
another. When placed ot any position, the lug muat slweye be
fitted into the hole provided for if.

3
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SECTION 11
INSTALLATION AND OPERATION

i, CRYPTOGRAPHIC SYSTEMS.

a. Definition. A military cryptographic system comprizes a
preavranged set of rules and equipment chosen for erypto-
graphing messages sent from one unit to another, All systems
£all into one of two elassifications, code or eipher, In code
systems, groups of letters or numbers represent words,
phraszes, or entire sentences. A cipher =ystem normally uses
single letters to represent other single letters. Converter
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 puide, or cipher key, for its operation. The cipher key
ghould be changed as often as is necessary to preserve the
security of the system. The key for systems nsing Converter
M-208-(*) must include two tables which make up a cipher-
ey list and are published periodieally in a system publica-
tion or the signal operation instructions of a using unit. The
tables, changed only by order of the signal or communication
officer, govern preliminary s=ettings which must be made
belore cnciphering or deciphering # message, The proper
use of vipher-key lists is explained in paragraph E.

o, Conperter 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 [or
thoe Converter M-209-(*).

)
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(8] The eipher-key list which is in effect at the time,

(4) A system publication describing the particular zystem
in use at the time, or personal instruction in such a system.

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

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

b, Intermal Keying Elements. There are two internal keying
elements; each is initially set, and chanpged, in accordance
with a cipher-key list. The first internal keying element is
made up of the key wheel pins (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 nonefeciive position.
The second internal keying element is made up of the movable
lugs (82) on the drum bars (81). Lugs are effective in any
position except the two marked “ 0" Instructions for setting
the keyving elements nre in paragraph .

e, Changes of Keys. A high degree of eryplographic security
is provided when Converter M-209-(*) is used. Systems using
Converter M-200-(*), however, can be solyved, especially if a
large velume of traffie iz enciphered without changing the
arrangement of the keying elements. A daily change in the
internal keying elements iz advisable, although the frequency
of change will depend upon the tactical situation. This is the
responaibility of the gignal or communication officer. Chongoa
in the exfernal keying element gre the responsibility of the

10
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operator alone, and wiust be made for every mossage ho en-
ciphers. There is no reason for allowing the enemy to “hreak”
a message enciphered with Converler 1M-208-(*) because the
keying elements were not changed often enough. The key
wheel alipnments: should be noted o prevent nging the same
arrangement of letters for fulure messagos.

8. PREPARING FOR OPERATION.

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

B, Tustallation. Normally Converter BM-209-{®) will be op-
erated 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 mecessary, the machine may be
sooured 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 foct. Shorten or lenpthen
the strap so that the eonverter will be held firmly in place
on the Lknee, The base of the machine iz shaped to fit the
curvature of the knee (fig. 4).

¢, Key Wheel Fins, Open the outer cover of the converter,
and raise the inner lid. If the machine has been properly
sevolzed (par. 12), all of the key wheel pins will project
from the left-hand side of the key wheels. If any project from
the right-hand side, use the serew driver provided and push
them o the left. This will make the sefting easier. Set the
pins as indicated in table I, Position of key wheel pina, The
columns of lettors and dashes represent the six key wheels,
from left to right. The pins associated with the letters which
are printed in the columns are to be pushed to the right, or
effective, position. Where a dash sppears, the pin associated
with the omitted letter will remain at the left, or ineffective,
position. Thus, following the example table, the pin under

11
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FiGuRe 4. Converter M-200-(*) atrapped to ke,

v S,

INSTALLATION AND TM™M 11-3580
OPERATION Par. 8

letter A on wheel pumber 1 ghould be moved to the right or
cffcctive position. The pin under letter € 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
pine (fig. ). Each pin must be moved all the way to the left

TapLe I. Position of fey wheeal pins.
Period (date) to (data).

No. 1 No. 2 No. 3 No. 4 No. & No. §
(26) (25) (23) (21) (19 (17)

A A A —_ = A
B - I - B B
= £t - (] I el
ib] I e — ] I3
— 5 E E —
— _— —_ 1-' I.-' —
A (] G o -

H _— H H H EH
I - _— 1 1 5l
= J i o — -
Ik K — — — 1%
= L L =t =5 5
M — ' | M | -
M —_ N N N N
- (0] = — — (]
— e — P l:l —
- — — — o Q
— R R = —

8 8 3 5 &

T — T T

-— 1 L7 L1]

s om —

W X X
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TL-T47T4

Fioure 5. Sefting key wheel pins,
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or right, A garble will result if pins are left in an interme-
diste poszition. Care in making the setting will prevent loss of
time later. The effective period for that parficular 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 scitings will be found in appendix L}

TapLe [T, Pogition of drim ber lugs,
Period (date) to {date).

1, &-6 10, 2-0 19, 2-0
2. 0-6 11, 2-0 20, 2-6
3. 1-6 12, 2- 21, 2-b
4, 15 13. 20 22, 0-5
5, 4-0 14, 2-0 23, 0-G
6, 0-4 15, 2-0 24, 0-%
7, 0-4 16. 2-0 26, 0-b
8. 04 17, 2-0 26. 0-5
9. 04 18, 2-0 27, 0=b

26-letter check
TNJUWAEI,},TKCEHNUTDTHCWRRMIG

d. Dram Bar Lugs. With the inner lid open, the drum will
be seen in the roar 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 “0.7 Conault
tahle I1, Position of drunt bar lugs. The 2 columns of mum-
bers, 1 through 14, and 15 through 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 behind the drum. For example, on har 1, the left-hand
lug will be moved to position 2 and the right-hand lug to
position 6. On bar 2, the left-hand log will be moved to the

15
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TL-7475

Froure 6, Setting drum bar [igs.

INSTALLATION AND TM 11-380
OPERATION Par, 8

left zero position, and the right-hand Jug to position 6, Turn
the setting lnob (8} to release the drum lock and to allow
the drive knob to rotate the drum. Use the specinl serew driver
provided to move the lugs from one 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 anather location, Be swre that the lug catehes in tha hole
at the new position. If a lug is allowed to remain in an inter-
mediate position, it will jam the machine. A elick ean be
hoard 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 zovo, and that the right-hand lugs
be placed in positions 4, 5, 6, and the right zero. When all
lugs 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 1)

o, Twenty-six-letter Check, Every eipher-key list will include
a 26Jetter choek. Using this check, the operator of Converter
M-209-(*) may verify his preliminary settings. The operator
must always make the check immediately after completing
his pin and lug settings, The following steps are necozzary:
Insert the paper tape according to instructions given in para-
graph 244, Make certain that the ink pad contains enough
ink for legible printing. (If 1t does not, replace the pad from
the ink pad ean clamped to the outer cover.) Turn the setfing
knob several times to inl the typewheel thoroughly. With the
inner lid closed, depress the reset button and turn the reset
knoh to zeroize the letter eounter. The right-hand zero of the
latter counter must be completely in view. A click will be
heard when it comes into place. Set the encipher-decipher
knob in the C position. Set the initial alignment of AAAAAA
on the key wheelz by turning them individually until the
letter A of each wheel lines up with the white bench mark
{fig. T}. Turn the indienting disk until the letter A iz on line

17
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Qg

G} Counter sel on 0040, TL=T418

(2) Enciphar-decipher knob set in the © position,
(3) Kev wheeols aligned to AAAAASR

G) Firal lettor A Joeated on Indicating disls,

18 FicuRE 7. Converter set to make £6-letter cheol.

INSTALLATION AND TM 11-330
OPERATION ~ Par. 89

with the indienting index, and encipher it by operating the
drive knob., Be sure that the drive knob is turned until it
locks in place. Continue the enelpherment of “A's” in the
same anner until the letter counter shows that 26 lefters
have been enciphered. If the letter A is already aligned on
the indicating index at the end of nn operating cycle, the
indicating disk must be moved to another letter and returned
ta A in order to relense 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 eutting edpge.
Compare the tape with the 26-letter check in the cipher-key
list. If the tape and the 26-letter check arve identical, the pin
and lug settings are correct; if they differ by one or move
letters, there is an error in the initial settings of the con-
vorter 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 praliminary set-
tings. Verify these settings by means of the 26-letter check
in table II.

8. INDICATORS.

a. General. Every message enciphered with Converter M-
209-(*) will be accompanied by ecertain indicuators which are
tranamitted with the message. The purpose of these indieators
is to show the deciphering operator what settings to make
on hiz machine before deciphering that message. The various
methods of determining nnd using the indicators are described
in gyvstem publications.

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

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

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

19
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the message (par. Ta)l. In some systems this indicator will be
enciphered before transmission to provide additional security.

(3) The eipher-key indicator designates the particular cipher-
key list which was in effect ot the time of encipherment. This
indicator will appear in the 501 with the cipher-key lists.

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

(1) The systom indicator is composed of two letters, such as
FW. This system indicator designates the method of crypto-
graphing, and is placed as the first two letters of the first
group of the indicators,

{2) The message indicator iz taken from the six key wheels
before emcipherment is begun, by reading the lettera 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 second indicator group. These appear as
the first two groups of n message, and are sent in the clear,
Assume, for example, that the initial key wheel alipnment is
QAHNKE, These lotters make up the message indicator, and
are written in the form shown below.

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

(4) The two indicator groups wounld be made up and trans-
mitted ns follows:

FWoaH NEELP
e Y - L ey
(1) (£) (3)

This is ondy a sample methed of showing the indicators,

d. The indieatora will always be placed in the order shown
above, and will be inserted before the first proup 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 ndded in pencil in both cases.

10. ENCIFHERMENT.

& General. The stodent should follow the procedure om &
sonverter which has been set and checked with the cipher-key
list cemposed of tables I and I

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

{1) Make ecrtain 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. Thiz 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
bench matk. These lettorz should not spell a word, nor should
the same letter be found twiece in one key wheel alignment.
The flat end of the tweezers may be used for turning the key
wheelz individually, Do not uze an eraser tip. Bach key wheel
apon eoming into place will elick audibly; do not leave a key
wheel in an intermediate position. Make a note of the indica-
tor zo that it may be referred to later.
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(5) Advance enough paper tape to allow ingertion of the
system and message indicators by hand. (If the supply of
papor tape is exhausted, the cipher text may be copied from
the reproducing disk, as each letter iz enciphered.)

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

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

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

(2) Turn the deive knob until it locks, Aveid a rapid or jerky
movement of the drive knob, A moderate steady motion i=
preferable. Complete the operating cycle before enciphering
another letter, or jamming of the mechanism will result.

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

(4) Enecipher the letier Z between the words of the clear
text; i e, between rednforcements and urgently, and between
urgently and needed, in the above message. When the cipher
text iz deeiphered, & space will appear at the proper place
between the words. A thorough explanation of Z-spacing is
included in paragraph 13b.

(6) Zince the drive knob is locked at the end of each op-
erating cycle, the indicating disk must always be moved
before ancther letter can be enciphered or deciphered. Oeca-
Einnnlly the desired letter is already in position before the
indicating disk is moved. If this happens, move the disk to
another letter and return it to the desired letter, Thia will
releasa the lock and silow the drive knob to be turned.

(6) When the message has been completely enciphered, ad-
vance the paper tape two or three inches and tear it off at the
cutting edge.
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(7) Note that the cipher test has been automatically spaced
into five letter proups. If the last group contains only 1, 2, &,
or 4 letters, add enough X's in pencil to make it a complete
3-latter group. D0 NOT ENCIPHER THESE X's TO COM-
PLETE THE LAST GROUP. Such a practice reduces the
gecurity of the system and nids the enemy in solving the
MOSSERE.

(8) Now print at the beginning of the message the system,
message, and cipher key indicators, and repeat them in that
order at the end of the message, 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 eperating procedure of his unit.

11. DECIPHERMENT. The deciphering operator must have
initial settings on his machine which are identical to thoze
used by the enciphering operator. Retaining the settings of
tables I and II, decipher the message which was enciphered
in paragraph 10e. Proceed as follows:

@ Make certain that the drive knob is in a locked position.
b. Turn the encipher-decipher knob to the D pogition.

&, 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, ond align the key wheels in neeordance with the
message indicator.

¢. Procesd as in encipherment; locate the eipher letters one
by one on the indicating disk, and eperate the drive knob in
one complete eycle each time. Disregard the spaces betwecn
the groups of the pipher text, Carry in mind one b-letter
group at o time so that it will not be necessaty to look at
the text for each letter; this will keep errors at a minimuom.
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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 “Z" was used as a space between words when
the messnge was enciphered, the elear text will appear in its
original word form. Locsl message center procedurs will be
followed in scrvicing the message and delivering it to the
addreszee.

12, ZEROIZING THE MACHIMNE. When the eonverter is fo
be elozed at the end of a day or a period of aperation, the
internal keying elements of the device must be zeroized. First,
puzh all of the key wheel pins to the left or ineffeetive posi-
tion. Second, move all lugs to the zero positions on the drum
bars, Tear off any tape which containz printing, and close the
outer cover of the machine, The converter should then be
placed in the canvas case provided, and kept in a dry place
until used again.

13. SPACING.

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

b, Z-spaciug. If the operator enciplers a Z for each zpace
between words of clear text, the deciphered message will ap-
pear in its original word form (par. 10e(4) ). Thiz iz made
possible by the elimination of the letter 2 in the deciphering
process. Such & word as ORGANIZED will appear in clear
text as ORGANI ED, but the missing letter enn enzily be
supplied from the context of the message. The printing of

the % iz prevented only when the encipher-decipher knob iz
set for deciphering.

14. USE OF LETTER COUNTER. An operator who wishes
to check & word or eorrect 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 message if he has o proper
understanding of the letter counter. Whenever it is necessary
to check back in the message for any Teason, 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 orror, If the count is made from clear text, remember to
count spaces alzo. In cipher text, the number of groups can
be multiplied by five (there are five letters in each group),
and any cxtra letters which are correct can be added to the
product. For example, in the message used in paragraph 10,
“REINFORCEMENTS URGENTLY NEEDEL,” a mistake
might have been caused by skipping a letter in decipherment
go that the following text resulted: “REINFORCEMENTS
URGENQCTLV ete.”” 4 count of the letier 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 H0th (four L_:rﬂl:ll_:lﬂ], and
besin from there by deciphering the 21at letter. Thia process
may be used for reenciphering or redeciphering any portion
of a meszage as long as the indiealors remain the same.

15. CAUSES AND CORRECTION OF GARBLES.

a. Gencral, Faulty operation of a eryptographic deviee,
ervors made in transmission, or mistakes made by either the
enciphering or deciphering operntor may produce garbled
text, The garble may be so slight that the text may still be
read, or it may likewise be 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 operator should
always make every possible attempt to decipher @ messags
before naking for a service on tt. There are five common ¢nusesd
of parbled text.
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b. Mmcorrectly Set Key Wheel Pie, One incorrectly placed key
wheel pin will result in garbled text, This type of garble iz
recognized by a single-letter error appearing periodically in
the text, i. o., by errors which are an equnl distanee apart,
Location of the incorrectly set pin iz accomplished 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 count iz 17, the
incorrectly set pin will be found on wheel number 6 (number-
ing from left to right), because this wheel contains only 17
ping (table I0, 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 28, on
wheel number 1. The following message is slightly garbled
as the result of an incorvectly zet key wheel pin:

NOW IS 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 17 letters and spnees,
indicating that the incorrectly-set pin iz on key wheel
number 6.

(2} Following the directions given in paragraph 14, turn
the letter counter o the numhber of the last letter deciphered
before the garbled letter appeared. In the example above,
the counter would be turned back to 7,

(8) 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 ervor will be located,
Wheel No, r |55 0 T O 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 wheel number 1, O for wheel number 2, N for wheel
number 8, and so forth, After determining the pin in error,
turn the wheel until that pin is visible, and move it to the
other side. Resct the key wheel to its proper place and de-
cipher the letter to determine whether the trouble has been
eorrected.

e. Incorvectly Se¢ Drum Bar Lug. Garbles caused by an inecor-
rectly set drum bar lug are recognized by a nonpericdic 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 results prodoeed:

{1} The first type is caused by a lug which has been made
effective, when it should be noneffective. Thiz eondition adds
one positive “kick” in the operation of the machine. In this
cnge the letters which are in error will always be those letters
which immediately follow the eorrect letters in the alphabet.
The text might appear ag 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 second type iz caunsed by a lug which haz been placed
in & noneffective position, when it should be in an effective
position. This condition resulfs in one lezs “kick™ in the
machine's operation; that is, the letter in ervor will be that
lotter which immediately precedes the correct letter in the
alphabet. The text might appear as follows:

NOV IS THD TIME FOR _KL GOODYMEN
(NOW I8 THE TIME FOR ALL GOOD MEN)
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Herp it ean be seen that the ineorreet lettor V precedes the
correct letter W in the alphabet, that I precedes E, and so
forth.

() A third tvpe of error results when a lug is made effective
in the wrong position. For this caze there will be both plus
and minus “kicks" 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
alphabet, others will be those which come immediately after
the correct letters. The garbled text wsually has mo re-
semblanes to the original clear text, and may appear as
Tollows:

NNWAJTYSHDATHMF FNR _LKYGPPD MDN
(NOW IS5 THE TIME FOR ALL GOOD MEN)

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

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

d. fwcorvect Setting of Iwdfcator, This mistake will result if
the enciphering operator fails to copy down the correct mes-
sage indieator or eipher key indieator; if the receiving opera-
tor records the message improperly; or if the deciphering
operator malies 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 st 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 o decipher the message.
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e. Transmission Errors. The Irequency of garbles dus to
transmission errors will depend upon the efficiency of "'Lmn:-—l
mitting and recelving operators and upon the guality of
tranamission. A knowledge of Morse code will help the ‘%‘-"
ciphering operator to see the errors possible due to transmis-
glon, and to corcect them,

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

(1) Firat, the eryptographed text is examined Tor the repeti-
tion of letters or groups. Identical groups will probably fmt
appear side by side, but may appear as in the Tollowing
example!

QHELYV 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 npo groups are repeated in the message, ench group
chould be examined to determine whether any gronp containg
more or less than five letters. If a group containg lesd tI:fm
five letters, a letter, or letters, has been left out in transmis-
sion and the letter counter must be turned up the necessary
number of times before proceeding. If n.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 op_erﬂ.‘r.ur’s
carelezsress or to an interruption in his work; in which case
the letter counter must be turned back to the last letter of
clear text (par. 14), before deciphering is continned.

{4) Omizgsion of & code group within a message, during trans-
mission or reception, is ome of the most difficult errors to
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(7) NEVER USE FORCE TO CLEAR A JAMMED MA-
CHINE. Faragraph 25 gives inztructions for eliminating a
jam,

17. SECURITY CAUTIONS,
g, Chanpe the message indicator for cach mesaape aent.
b, Destroy all printed tape not pasted to a message blank.

¢. Do not encipher X% to fill out the last eipher group of a
meszage. Complete a group by adding X's in peneil.

d. Be very careful to avoid errors while enciphering. Errors
may help an enemy to brenk dewn the eryptographic system
in 1se,

TM™ 11-380
Par. 18

SECTION I
FUNCTIONING OF PARTS

18. THEORY OF OPERATION.

Convertor M-200-(*) operates on the cryptographic prinei-
pal of reciprocal-substitution alphabets. The effect is that of
sliding o normal-alphabet sequence agninst reverged normal
alphabet. The manner in which the various elements of the
converter 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 ol a
mesenge, the alphabets might be arranged in the following
manner for the first letter:

.’LEEDEFGHIJELEINGPQRSTU\-’WKYZ
KJIHGFEDCBAZYXWVUTSRQPONML

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

ABCDEFGHIJELMNOPQRSTUVWXYZ
ROPONMLKJIHGFEDCBAEYXWVUTS

1f K were also the second letter to be enciphered, its cipher
pguivalent would be the letter H. The eontinual shifting of
the nlphabets is the fuctor which provides security for mes-
zages enciphered with Converter DI-203-(*).
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19, KEY WHEEL ASSEMBLY.

a. The key wheel assembly comprises the six key wheels (42)
with their ratchets, pawls, and gears (38); the reset knob
(39) and key wheel shaft; the key wheel intermediate gear
ghaft 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
Belaw shows an inside view of each key wheel gear,

b. The ey wheels are operated by the drive knob (85) on
the right-hand side of the machine. The key wheel gears are
driven by a set of intermedinte gonrs leeated behind the six
key wheelz. A key wheel feed-cam assembly on the right drum
disk moves the set of intermediate gears one noteh each time
the drive knob is rotated. The intermediate gears vary in
cireumference and number of teeth. The smallest pear 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 {s necessary due to a like varin-
tion in the key wheels driven by the intermediate gears.
Letters of the alphabet appear in normal order on the cuter
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 (pnr. 6a). For each letter on
the key wheels there is one pin, and for each pin there is a
tooth in the associnted lkey wheel gear. To allow the key
wheelz to move simultaneously for ome space during each
operating cycle, the key wheel gears are so constructed thal
they compenzate for the differences in the spacing of the
key wheel pins.

¢. 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 nmumbers from 0000 to 9989, and is
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driven by o gear on the left-hand side of the intermediate
gear shaft. The counter will operate only when the key wheels
are turned as o unit. The reset knob will zeroize the letter
eounter or turn the key wheels back to any previous 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 B explains that only those
pins which are pushed to the right are efective.

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 wheels
and drum bars. When a key wheel pin in the effeetive position
comes into play the associated guide arm ls released allowing
the gulde nrm spring to push tho guide arm toward the rear
of the machine. In this pesition, the guide arm will, when the
drum {s rotated, make contact with the drum bar lags in line
with it. For example, the guide arm for wheel number & will
contact those lugs which are in the number 6 position on the
drum bars. When the drom is turned, the guide arm forces
the drum bars it eontrols 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 position. A puide arm held

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

21, DRUM ASSEMBLY.

. The drum assembly (fig. 10) consists of the shaft and
dizks (207, the bars (31), and lugs (82), 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 cam.
Paragraph 28 explning the functions of the paper feed com
and the printing cam. The 27 drum bars are numbered on
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the face of the right-hand drum disk to assist the operator
in making the preliminary settings.

f. On each drum bar are two movable lugs. The drum bar
lups may be moved to any one of eight positions. These eight
positions are numbered (on a number plate just behind the
drum assembly), in the following order: 1 02534590 6.
The zero positions are noneffective, but the other six are
effective pozitions located directly in front of the six guide
arms. The lugs are placed according to the cipher-key list
in effect.

¢. The drum assembly makes one complete revolution each
time the drive knob is rotated, and the effective drum bar
lugs are contacted by effective pnide arms. The drum bar
lugs are forced, one after the other, to the left. In the left
position the drum bar lugs act as cogs of & wheel, meshing
with the typewheel intermediate gear, which drives the type-
wheal. The typewhecl is turned as many letters as 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 eyvele, a eam on the left-drom disk
pushes the drum lock arm into place; simultaneously a pro-
jeetion from the lock arm drops between two cogs of the
typewhesl gear. The drum remains locked until the typewheel
ia turned, moving the prajection of the lock arm, and relens-
ing the lock arm.

22, TYPEWHEEL ASSEMELY AND PRINT ARM ASSEMBELY.

a. The selting knob (B), indieating dizk (7), reproducing
digk (8), typewheel (5), and typewheel gear (43), are all
mounted on a common shaft and make up the typewheel
assembly (fig. 11). A serew in the éend of the shaft holds the
typewheel assembly in place, The assembly is uszed to select
the letter to be eryptographed or deeryptographed and print
the enciphered or deciphered letter on a paper tape.
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Ficure 8. Key wheel assembly.
28 39




TM 11-380 CONVERTER M-209, M-209-A,
Par, 22 M-209-B (CIPHER)

= " —
= Z = o
5 S
EE L = ;-.J

2 g &

- 53 g

[ EL o

< = (=]
o & = P
% =z | Fh
@ 2 | > 5
i a E 4
2 | ‘ =
o | (]
- ®

40

DRUM BAR PROJECTIONS

LEFT DIK

SHAFT —

PRIMTING CAM—

PAPER FEED CAM—

Fiovee 10, Drume assembly.

TM 11-180
FUNCTIONING OF PARTS Pur. 22

b, The indieating disk, containing the letters of the alpha-
bet in normal order; is set to the desived letter by alignment
of that letter with the indicating index mark (3) on the
inner lid. During the operating eyele, the intermediate type-
wheel pear mezhes with the effective drum bars and drives
the typewheel gear. The typewheel prints the letter in posi-
tion at the end of the cyele; 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 may be copied from the reproducing disk, one
letter after each operating cyele,

e The print arm aszzembly is mounted on the shaft of the
eneipher-decipher knob and ineludes the print arm, print ham-
mer, and print arm stop. A zpring attached to the print arm
and the base of the converter keeps the vequirved tension on
the assembly.

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

e. The print arm stop preventz printing of the letter Z
when the machine is being used to decipher. A cam on the
shaft of the encipher-decipher knob controls the operation of
the print arm stop, When the encipher-decipher lenob is act
in the D position, the printing cam puzhes the print arm stop
forward and holds it. On the typewheel shaft there is o small
pin offzet from the letter Z, which rests against the print arm
stop when £ i2 to be printed. As a vesult, the print hammer
ia mot allowed to strike the typewheel and a blank space op-
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pears on the tape. When the encipher-decipher knob is =et in
the C position, the print arm stop is held back and does not
tonch the pin.

23. PAPER FEED ASSEMEBLY.

a. The paper fecd nasembly conslsts of a large cam on the
drum shait (fig. 10), an arm which rides on this cam, a pawl
and ratehet, a small B-letter cam (18), a paper feed stop,
and a knob {fig. 12}).

b. The revolution of the paper feed cam ecauses the paper
Teed arm to move the paper feed pawl and ratehet one noteh
for each operating eyele, advancing the paper tape ene spaee,
Double spacing between groups is accomplizhed by the 5-letter
eam, A projection from the paper feed arm rides on the outer
rim of the 5-letter cam which has two indentations on opposite
sides, A= 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 been
eneiphered, the projection will again ride into an indentation
on the cam and permit double spacing.

¢. Automatic spacing is not desired during deciphering,
and is prevented by the paper feed stop, The paper foed stop
iz in contact 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 S-letter eam, resulting in continuous single epacing,
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24, CARE OF CONVERTER.

a. Preventive Cheeks. Converter M-200-(*) will offer fow
maintenance problems if it {3 operated correctly and cared
for properly, In many cazes a thorough cleaning and lubriea-
tion will remedy mechanical difficultics. As the machine is
uzed 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 temsion of the various visible springs on machine.
(2) Proper lubrieation.

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

(4) Driedink on typewheel or dust in operating paris,

(5) Proper positioning of lugs on drum bars,

(6) Tightness of screws on drum base.

b, Cleaning., From time to time certain parts of the maochine
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 brosh, Do not
damage the letiers on the typewheel with the instrument.

(2) GENERAL. When the converter is used in the field, dust
may collect in the operating parts and impede theip action,
eepecially if the machine has been ociled excessively. If the
machine becomes clogged, remove the parts as divected in
paragraph 34 and clean with a dry eloth. Lubrieate 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 nze.

e. Oiling. The oil rod provided with Converter M-209-(*) is
attached to the eover of the ofl can, and should always be
used 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 fresh 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
against the inner lid, Remove the empty spool and place n
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
ineert it in the tape slot Jjust above the encipher-decipher
knob. Push the tape through the tape channel until it appenrs
between the typewheel and the tape-advancing rollers. The
tape must pass under the paper guide spring immedintely
behind the typewheel. Next pass the paper tape between the
tape-ndvancing rollers (fig. 12), while depressing the paper
pressire arm.
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&, Ink Pads. Additional ink pade 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
is necessary, can be prolonged by turning it end for end. The
ink pads should be re-inked with the special ink developed
for the ink pads, or with any standard purple or black stamp
pad ink. Hectograph ink should not be used because it dries
the ink pad and makes it unfit for further use.

f- Minor Repair. The operator of Converter M-208-%)
should be able to make cerfatn minor repairs on the machine.
Paragraphs 25 through 82 explatn the common minor troubles
and inehide fnformation for correeting swech troubles. Pora-
groph 5 explaing fiowe fo dismontle the machine and linmits
operator’s maintenance Lo miner repaire,

25, JAMMING.

a. Deseription and Location. Converter M-209-(*) iz jammed
when the drive knob will not revelve, Jamming may occur
at any phasge of an operating eyele and is generally the result
of faulty operation. DO NOT USE FORCE IN AN AT-
TEMPT 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 realign letter to be
enciphered or deciphered. Try drive knob.

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

(3) 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 doe 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 DREUM BAR TOOTH (fiz. 10).
Open the inner lid. If the drum has been moved through only
part of the operating cycle, proceed ns follows:

() Using the flut side of the gserewdriver, 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
druom.

f) Turn drive knob until it locks,

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

(d) If a lug or tooth is bent, straighten it with a pair of
pliers and use it until a new lug or bar ean be abtained,

(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 & drum bar lug, If a bent guide arm is found, pull it back
toward the front of the machine, and turn the drive knob
to complete the eyele. Bend the guide arm back to ita proper
position with a pair of pliers. The guide arm must make con-
tact with the side of the lug projection only. Do not bend the

guide arm into the comb (fig. 0], or the guide arm will not
operate froely.

[3) BEXCESSIVE PLAY IN THE KEY WHEELS, Open
the inner lid. Check each key wheel to determine whether ane
has slipped to the right and become disengaped from the ke
wheel intermedinte gear (fip. 8). Key wheels slip as o result
of the loosening of the right-hand shaft serew or of the leay
wheel bearing serew (flg. 8), Re-engage the key wheel EEar,
and tighten the right-hand shaft screw and the key wheel

bearing screw until the key wheelzs have na play to the left -

or right. It may be necessary to tap two or three times on
the end nt: the reset knob before tightening the screws in
order to slide the shaft over to ite propor location,
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CAUTION: When tightening the key wheel bearing
serew, do not use too much pressure. The screw is
made of very soft metzl and is easily broken.

(4) BENT TYPEWHEEL DETENT. The typewheel detent
ia located bhelow and slightly toward the rear of the typewheel
wear. The typewheel detent rides on the typewheel gear and
mekes the clicking noize heard when the setting knob is
turned. If the typewheel detent becomes bent to either side of
Lhe typewheel gear, the entire mechanism of the converter
may jam. Raise the inner lid and remove the letter eounter
(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 letier counter.

26, 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 zhaft. If play iz dizeovered, add enough shims under tho
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, re-
move the key wheels according to the directions for dis-
mantling the machine in paragraph 34, Separate the faulty
key whenl from its intermediate gear by turning the gear in o
clockwize direction, pulling the gear away from the key wheel
at the same time. Bend the end of the key wheel pawl oway
from the intermediate gear, so the key wheel pawl will fit
closely agninst the key wheel when the two are placed together
(fig. B). To fit the key wheel and the intermedizte gear to-
gether, place the gear apainst the key wheel, and rotate tha
pear in a clockwise direction while pushing it against the
wheel. Replace the key wheels according to instructions given
in paragraph 35,
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b, Koy WWheels Stick. Key wheels operating sluggishly or
sticking in intermediate positions probably are set too tightly
on the shalt. Check the key wheel bearing screw to determine
whether it has been properly set in the indent on the shaft.
If not, slide the shaft until the serew iz fitted into the indent.
If this is not the trouble, remove encugh shims from either
end of the shaft to permit fres movement of the key wheels.

¢. 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
times. If the key wheels are dirty, wash them in a selvent
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 glugrgishly
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-nosed pliers. Be certain not to
bend any other part of the guide arm,

28, MINOR DRUM ASSEMBLY REPAIRS,

@, Spramg Drum Bar (fig. 10), Remove a sprang drum bar in
the following manner: Grasp the left end of the bar just
inside the left-hand drum disk, and lift the bar slightly, Now
p_uah the bar to the left. When the drum bar has cleared the
_rlght. 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
drmk spring. Insert a new bar by following the above instrue-
tions in reverse order. It iz not worthwhile ta attempt to
straighten a sprung drum bar,

NOTE: Drum bars can be replaced by fourth and
fifth echelons only. This part is not supplied to first,
second, and third echelonez,
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b, Drum Bars Stiek, 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 Not Locking. Bend the projeetion from the drum
lock arm (fig. 9), so that the projection rides on the cam on
the left drum disk when an operating cyele is completed. If
the trouble iz not corrected, the converter must be serviced
by 4 repairman.

28, MINOR TYPEWHEEL ASSEMEBLY REPAIRS. If the in-
dieating disk turns hard, check one of the following troubles:

a. Imsuficient Space on Key Wheel Shaft. Check the key wheol
bearing screw to determine that it iz properly fitted into the
indent on the shaft, If not, alide the shaft until the screw
fits. If there are too many shims, remove as many as

NECoEZATY.

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

c. Bent Typewheel Detent (e par. 250 (4)).
d. Lack of Oil on Skaft {fig. 7).

30, IMPROPER PRINTING.

a, Loase or Missing Print Arm Speing (fig. 12). If the spring
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 £ail to print properly. To remove the pad from
the print hommor; remove the typewheel, the paper gpuide
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 =mooth, 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 surface will become rounded,

e, Sprumg Paper Guide 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 egual 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. Sprumg fuk-pad Holder. Thiz trouble may result in the
printing of only a part of a character. Bend the holder into
itz proper shape nnd use it until a new holder can be obtnined.

1, IMPROPER FEEDING OF PAPER TAPE. The paper
tape may feed improperly, or cease to feed, due to one of
the following eauses:

a, Clogging of the Tape ut the Rollers (fig. 12), The tape will
clog when improperly inserted between the rollers (either
placed in erooked or not reaching to the end of the paper
pressure arm), or when stuck to the rollers, Remove the
clogged tape and inzert 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 stick, try turning
the tape over 2o that printing appears on the gummed side,

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

c. Insufficient Lubrication on Top Rolfer. Oil both endz of the
roller,

d. Weak Paper Pressurc-arm Spring (fig. 12). Thiz 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 a new spring is available.

e. Misalisned Paper Pressure Arm. This trouble will cauge
the paper tape to move out of line and become clogged in the
zides of the rollers. Bend the arm until the two rollers are
prapeely fitted.

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

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

33, COMMON MECHANICAL FAILURES,

a. General, It is impracticable to list all of the failures pos-
sible with Converter M-209-(*). A summary of some of the
more common mechanical failures is given below A a check
list for the repairman, ineluding: those which have already
been dizcussed under the operator’s “minor repaic” 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.

{3} 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.
() Sprung drum bar.

{7) Bent or burred deum 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
or inactive positions.

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

(17) TIrregular printing due to worn or loose printing ham-
mer rubber,

{18_] Failure to print due to weak or broken printer spring.
(19) Broken key-wheel-pawl ratehet spring,

(20) Key wheel pawl slipped out of ratehet,

(21} Key wheel pin sticking.

(22) Fallure of typewhecl 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 male any miinor repairs necessary
by following the numbered steps bolow:

{1) Remove ink pad.

(Z) Remove letter eounter (two screws).

(3) Remove key wheel left-end shaft serew.
(4) Leozen key wheel bearing zerew (fig, 9).

(5) ‘Pr'it!t:draw key wheel shaft (fiz. 8) by pulling the reset
knoh (with the screw still in i) to tho right, while rocking
the key wheelz with the palm of the left hand,
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{6) Remove typewheel assembly (fig. 11). Pull the ink pad
holder back when 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 az follows:

(1) Revolve the drum in the usual manner until 27 on the
number disk is the only number visible; then remove the
drum bar luog number plate (fig. 3, (28)) by taking out the
two serews, lockwaghers, and spacing washer. (After re-
moving number plate, complete the drum cycle.)
(2) Remove the right side-plate (4 screws). Note the dowel
which is 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 (2 screws). Do
not bend the dowel between the two serews (fig. 8).
{4) Remove the left side-plate, proceeding as follows:
fz) Unhook the print arm spring and the papor feod arm
gpring from the spring elip (fig. 12).
{b) Remove the acrew on the left of the underside of the
base, This serew holds the encipher-decipher knob detent
ball and spring in place. Remove the ball and spring.
fe) Remove the serew in the inset on the underside of the
base,
fd) Remove the screw on the lower back of the left side-
plate.
(e) Remove the screw spring and latch assembly on the
upper baek 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 inter-
mediate gear lock (fig. 9).

&, Parts dccessible without Dismantling, After the repairman
has dismantled the converter as directed in the above para-
graphs, a number of parts are accessible without any further
dismantling, These pnrts nre as follows:

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

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

{'h) Print arm and paper feed spring elip,

{¢) Guide arm spring (fig. 9).

) Intermediate goor lock spring (flg. 93,

) Key wheel fead-arm assembly (fig. 9),

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

plate),

{g) Key wheel feed-pawl spring clip (upper right corner).

6. PROCEDURE FOR REASSEMBLING. To renssemble
Converter M-208-(*) follow in reverze order the procedure
given above for dismantling. Note the following speeinl in-
structions:

a. The Gride Arms. Mount the guide arms az follows: Place
any guide arm numbered 166 in the first position on the guide
arm shaft (counting from left to right). Follow the rFuide
arm numbered 156 with the three guide arms numbered 234,
Next, place on the shaft the romaining two puide arms num-
bered 156, and place the intermediate gear lock (fig. 9) in
tho extreme right position. The smaller end of the shoft iz
inserted in the lower bearing in the key wheel bracket, and
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in the guide arm comb. Hach 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 18 made, Then adjust for tension, freedom of move-
ment, and alignment, Adjustments may be made by loozening
the three serews holding the guide arm comb in place, and
sliding the comb back and forth until the proper alignment
is obtained. If necessary, 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
operates in the slots of the comb.

b. The Lefs Side-plate. Az the left side-plate is slid into posi-
tion, lift the paper fecd nrm go it vesta on the paper feed cam
of the drom. Replace the detent ball and spring in the under-
side of the base, and hook the springs to the spring clip,

e. 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 posi-
tion with the exception of number & which is blanlk. The key
whesl numbers are visible through a hole in the key wheel
gear and are engraved on the key wheel pawl. Place key wheel
number 6 in pesition and slide the shaft through it. Follow
with each key wheel in veverse order, 1. e, 5, 4, 3, 2, 1. Slide
the shaft completely through the typewheel assembly, Push
the reset knob against the key wheels until they it clogely to-
gether in place, and tighten the key wheel bearing serew. (Do
not twist off the head of the screw.) Noxt tighten the two
zerews at the ends of the shaft and test the typewheel and
key wheels to determine if they turn freely, and choek 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. Letter Connter. Before mounting, the counter must be
get to 0000 or any multiple of five. The 3-letter cam must be
properly poaitioned to assure coordination between the cam
and the counter. Proper positioning is accomplished by turn-
ing the drive knob a sufficient number of times 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 a full series of numbers iz wvizible
through the letter counter window.

26. INSPECTION CHECE. The following check list should be
usad after repaivs and adjustments have been completed, This
inzpection check will assure that the machines are returned to
gervice in proper working condition. The troubles listed below
are Tollowed by sugpestiong for correction only where such
sugFestions are necessary.

a. Ewcipher-decipher Knab,
{1) Binding of knob, REALIGN LEFT SIDE-PLATE.
(2) Nodetent in knob,

b, Letter Counter,

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

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

. Drum.

(1) Drum jamming. CHECK POESITION OF DRUM BAR
LUGE.

(2} No detent in bar.
(3) Sprung bar, INSERT NEW BAR.
(4) Sticking bar, CLEAN SLOT OR CHANGE BAR.

(5) Inoperative lock. ADUUST DRUM, AND CHECK LOCK
SPRING,

o8
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(6} Binding. CHECE ALIGNMENT.
(7) Improperly set bracket slot.
(8) Slipping of drum when intermedinte lock is open.
{0) Number disk not pinned.

d. Drim Lugs.
(1) Toa loose or too Light,
(2} Improperly fitted in drum bar slots.

e, 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, eausing 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
GUIDE ARM NUMEBERS; SEE PARAGRAPH 35,

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

. Paper Feed.
(1) Defective cam or looge taper pin.
{2) Defective paper.
(8) Jamming.
{4) Weaving of paper. ADJUST PAFPER FRESSURE
ROLLER.
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(6) Inoperative, CHECK FOR FREEDOM OF MOVE.
MENT.
h. Pins [ key wheel ),

(1) Sticking, WASH WHEEL IN SOLVENT; LUBRI-
CATE.

{2} Nodetent. REPLACE KEY WHEEL,

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

(2} Excessive side play, TIGHTEN RIGHT-END SCREW
ON KEY WHEEL SHAFT, OR INSERT SHIM IF NECES-
SARY.

(3} Tmeorreetly positioned,

(4) Improper alignment.

(5) Ratehet defective.

(6) Binding and difficult to move,

j. Key Wheel Gears.

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

(Z) Outof line. REPLACE.

k. Key Wheel Belease.
(1) SBticking lover.
{2) Lack of play in reset button.
(3} Excess play in lever.
(4) Inoperative reset button.
. Printing.
(1) Double print. ALIGN PRINTING HAMMER.

(2] Light on one side; ink pad not centered, ALIGN PRINT-
ING HAMMER.
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(4} Partz of letter not printed, ALIGN PRINTING HAM-
MER; CHECK TENSION OF PAPER GUIDE SPRING.
(4} Poor spaeing.

(5) Prints Z with machine set to decipher, CHECIK PIN ON
TYPE WHEEL,

(8) 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.

fit. Sereas.
(1) Loose,

(2) Marred.
(8) Missing.

. Spriugs,

(1) Deformed, REPLACE,
(2} Missing.
(4) Unattached.

0. Typewheel.
(1) Binding.
(2) Detent stifl,
(8) Excess play.
(4) Typewheel gear riding on counter shaft.
(i) Inoperative lock, ALIGN DRUM,
(6) Drum lock jamming on typewhecl gear tooth.

#. Washers,
i1y Missing.
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Appendixz |

APPENDIX I

PREPARATION OF PIN AND
LUG SETTINGS

1. PIN SETTINGS.

a. Prepare a table of the key wheels by listing, in alphabet-
ical order, the letters appearing on the face of cnch 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 S; and the sixth wheel A to Q.

&. Prepare a zet of 156 lettered cards, 78 of which are
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 card bears an L, cross out the letter;
if o card bears an R, do not cross out the letter. Only letters
with effective pins nre then shown in the key list (table I,
page 13}, More than six consecutive effective or noneffective
ping on any wheel must be rearranged in order to prevent use
of such a soquence. A random arrangement, in which from
40 to 60 per cent of the pins are in the effective position i=
aszured by this method.

2_, LUG SETTINGS. To prepare a table of favorable lug set-
tings, proceed with the following steps in the order given:

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

70
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total sets selected. The sets are selected at random from the
table, and a 2et iz not used 2 second time as long as other
unused sels are availoble, Sets of numbers from group B
should be used at irregular intervals and shoold not succeed
each other in a key list.

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

¢ Dstribution of Owerlops, When the two lugs on a bar are
both placed in effective positions, an overlep results, The total
overlap is found by subtracting 27 (the nomber of barz on
the drum) from the total of the six numbers in a set. The
overlaps required for each =et of mambers have been caleu-
lated, and are given with the sets appearing in appendix II.
Distribute the overlaps among the numbers aecording to the
following four roles:

(1} Mozt of the zix numbera should be involved.

(2} Overlaps should include numbers which are separated,
and numbers which are =ide by side.

(3) Several =mall overlaps should be vsed in preference to
one large overlop.

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

The above rules offer a general guide for overlap distribu-
tion, but some deviation ean be made from all but the rule
appearing in subparagraph (4) above, which must always be
Tollowed.

d. Chkeching Placement of Qeevlaps, The overlaps must bo so
placed that & single number, or the sum of any two, thres,
four; five, or nll aix of the numbers, yields all the values from
1 to 27, inclusive. Remember that the result of two effective

1
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lugs on the same drum bar {8 one, Ag an cxample, in table 111
there are three effective lugs in eolumn 6, and one efective
Ing in ecolumn &, giving a total of four. However, two of the
effective lugs are on one bar which cancels the effeet of one
Iug, vielding a result of only three. Hence, the proper total
for eolumns 3 and 6 is three (two plus one), and not four.

e Preparing Lug Setiing Work Sheet. The effcctive lugs (rep-
resented by X's) are now entered on a work sheet similar to
that shown in table IIT; lugs in the same column are placed
on gneeezsive drum bars in as many cases as the overlap con-
dition permits, Tho eampleted work sheet should be checlked
carefully for accuracy with the results of the previouns staps.
The two zero positions need not be shown on this chart,

f. Preparing Lup Sexting Table. Convert the lug positions set
up on the work sheet to the form illustrated in table I1, page
16, by writing the nuombered positions of the lugs opposite
the pumber representing the drum bar. Determine the posi-
tions by referting to the number plate (20) at the rear of
the drum bar cage.

£ Complete Preparation of Lug Setting, The following example
serves to {llustrate the preparation of a lug setting. The steps
are numbered to correapond to the stepe deseribed in asub-
paragraphs 2a to 2d.

(1} Seleet a set of numbers from group A.
1,2, 8, 5, 10, 12 Overlap=>6

{2) Rearrange the numbers,
212,11, 5,10, 3
T2
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{3) Distribute the overlaps.
Columns: 1 2 i3 4 5 (1]

1
fu) All of the six numbers arve involved.

() Columns side by side: Columns sepavated:

4 and & 1 and &
1 and &
2 and b
3 and 6

fe) Small overlape are used in preference to one large one.

() Overlaps involving only two numbers do not exeeed four,

(4) All wvalues frem 1 to 27, inclusive, are obiained. For
examplet

is given by column 3.

igs given by eolumn 1,

iz given by eslumn 6.

iz given by columns 1 and 6.

given by eolumn 4.

given by eolumns 2 and 4, and s0 on,

[T (=
-
o

|
& B
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I, Alternate Oeerfap Distribution. Overlap disteibution of
the following form produces a good key but does not Tollow
strietly the rules for overlap distribution. Lug settings of
thiz nature should be kept to a minimum in key lats.

1
1

[ -1

i 4 3

o

r_":.a
L_t¢- e

d. PURPOSE. The foregoing limitations are imposed to pro-
vide the greatest amount of security possible in the shifting
of the ﬂl]}hi.l bEt.'.ir and to add to the :I]:fﬁ_uu'[{,iuﬁ of enegmy 13'1'_!1'].1&*

analysts engaged in making a mathematical analysis of the
MEBRAFLES,

T4

L

-
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TapLe 1L Position of drwm ber ligs work sheet,

1 TN sy [ R
i | SR L Y £.L250)
R | N 5 ! e
S| | 3 X |
sl [ | X | |
DR I |l I S
(e b 2
R X |
g B33 ol __ |
Ve g : 2| A ef
Fioma e x|
1 gy e i X I__ o e B IR P
T T =T g =
T S ECOIIIER Bt
T Yot B s 1 1.0 | e iAo ) f
e kGl el | s 18 of o Ul
X 21| SR
X !
I = -R- --:— — |
' X lE smler
X | i 0 B
x| X
—— %
| S0 L2 b
— % |
_____ —_— __x 4
Eoga|lt 51|
= ——— |
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