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4. FPreiimipary Cabaing of Unite and Switch Settings

The relay cabimet is instelled in Reck TC=13 in WWi Test Control,
A 36-conductor eable commects the various indicstor lemp cireuite to the gas
tudbe relay register on the reisy panel to accomplish data trensfer from WRL
to the Taps Output Equipment. A 33-conductor szble connects the relay panel
with the Remots Control Unit which is socateu on & tebie in the Test Control
Room elong with the tepe units.

The reader, printer, punch, and Remote Control Unit are cabled in
aceordance with attashed print A-36835; eabling is relatively simple and
fool-proof, since receptacles with corresponding letter end unit designa-
tions ere merely connected with cables provided.

The verious switches conteined in the reacer, printer, and punch
enable the units to be used interchangeably ‘n eny of the tape preperation,
tepe checking, and Wil input systems without wiring changes. In order to
ogz;ate theese units as WA Tape Outrut Equirment, switches must be set as
£ OW8 .

A, Printer:

1. Keer "On-0ff" gwitch et the left side of the printer keyboard
in the "off"™ position until system is ready to be ueed.

2. Throw "Insert" switch toward the rear cf the mechine.

3. Always keep @& sheet of paper in machine to protect platen
from direct contect with type ber.

B. Readers

1, Set "0On-0ff* switch (above cable recéptacles) to "OFF",
2. Se% "Marginal Check - Normal"” ewitch to ®NORMAL",

3, Set "Normal Stop ~ Read Complements® switoh to "RLAD COMPLEMENTS"

4. Set "Normal = Clutch Control Jumped" switch to "NORMAL®",

5. FPlaes slotted metal shim under tape hold-down clamp so that
sprocket teeth clear ends of siot, Be sure tape hold=down
clamp ig properly secured.

C. Punshs

1, Set "On=-0ff" switch to "ONv,

2. Set right-hand switch to "NORMAL® if vrepreduction of feedout
holes is not desired.

3. Set "Merginei Check - Normal® switch to "NORMALY,

Preferably, system power shculd be turned on by means of the
on-of{ switch at the left side of the printer, otherwise the printer key-
board 1s deprived of the mechanieal interlock which prevents the keys from
belng accidently depressed while the system is not in use, If this happens,
@ number of type bars may fly up in a tengle end fam the machine when the
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powsr is turred om at the punch,

Firally, press the "Slear” push hutton on the Remote Gontrol
Penel, and then press the "Start™ tutton on the printer. The former clears
the gas tube register of any rendom “ones” which may have resulted from
previcus operations, and the latter makes the tapre units end printer
operative, es described in Section Vi, pege 8. The system mey then be
manuel.y stoprec at eny time by pressing the "stop”™ butien on the printer,
To ghut down the tape cutput equipment, o;erate the power “on-off™ switch
on the printer.

The rotary control switch (S-1) on the relsy panel muat be-set to
correspond to the desired type of WWI data output, as shown in the tebulation
®PIGIT CORMECTIONS TO SWITCH® on Dwg. R-35927-2, Teble I shows the connections
obtelned for each of the eight switch positions:

TARLE I_
Switch
Pogition . : _ Hegiste:
A Accumulator (digite 10 through 15) end Progrem Register (digit 9)
B Flip-Flop Storage Register #2 (digits 10 through 15) and FProgram
Register (digit 9) \
c Flip-Flop Storege Register #2 (digits 9 through 15)
D Progrem Counter (digits 8 through 14)
E Control Switch (cigits O through 4) end Accumletor (digits O
‘" ana 1)
F Accumulator (digits 2 through 8)
G Ascumator (digits 9 through 15)

II. I¥ords Only" Mode of Operation

A deteiled anelysis of Tape Qutput Equipment operation ia sccom-
plished with the aid of specisi timing diegreme developea ty the writer snd
introcucec here for the first time, The timing diagrams not only show the
timing of every relay, contact, enc electromechenical component “n the system,
but flow peths (ceuse end effect) es well. To eid in en understanding of these
clagrems, a short list of symbols and their interpretaticns are shown at the
bottom of each sheet. Entries in the left hand column inciude all raisy coils,
relay contacts, cam driven contacts, snc tape unit eiectro-mechenicail components,

- whether or not they are utilized in a psrticuler moce of operation,

In the ™ords Only® tape output moce, the printer records a char-
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acter for each and every six-digit "word®™ placed in the output register by Wil.
Switches on the remote control penel are set to "PRINIER ON", "FUNCH ON"™, "FRINT
EVERY CHARACTER™, and "LOCK CONTROL, WWl1 INFUT", and are degignsiea on Drawing
R-35927 vy S8, 87, S6, and S5 respectively.

Referring now to relay timing dlagram D-37308, an operating cycle is immedlately
initiated by a O.l-microsecond "Print® pulise from WWI which eppears at essentially
the same instant that a word read into the output register causes the associated
indicator-lamp circujits to drive positive the grids of the corresponcing 2D21'e
in the gas tube reglster, Both of these effects are indieated on the timing
@iagram at O ms. :

The “Print® pulse, stretched to approximately 4 miecroseconds by the blocking
oscillator cirecuit of V-1, fires "Print" thyratron V-2 end energizes "Print" relay
K-1, At 6 ms, "b" contact K-1-2 transfers the "Completion Signal® cireuit from
290 volts to -30 voltas. As K-1 gloges in, "a" gontact K-1-13 closes at 9 ms, seals
in K-1 via "b" gontact K-2-1, and conveniently shorts out and de-ionizes the
"Print® thyratron et the same time, As "a" contact K-1-5 closes, plate voltage
now appiied to the reiay register fires.only those ges tubes with positive contrel .
grids, and energizes the corresponding repister relasys, (K-12 for exsmple, which
in turn closes "a" gontacts K-12-5 and K-12-7 at 20 ms). Closing of remaining
"a" gontact.K-l-6 ensrgizes the reader clutch megnet, and after 2 32-ms elutech
mechanism delay, the reader cem shaft begins its rotstion at 41 ms,

Closing of the "D-C Common™ contect in the reader at 48 me energizes the
"translator® relays and punch selector magnets through register reley "a"™ contscts
on the Reader Resdout snd Punch Readout buses respectively, and also energizes "L-C
Common” relay K-2 directly. For exemple, with registar relay K-12 closed, trans-
lator relay K-102 is energized through "a" contact X-.2-5 on the Reader Readout Bus,
and punch salector magnet K-202 is energized through "e" contect K-12-7, The tape
punch now performs an sutomatie 74-ms electro-mechanicai cycle of roteting the
cam=shaft, astuating the selected punch mecheanisms to punch the desired holes,
de-energizing the clutch magnet, and adveneing the tape for tbe next eycle.

- At 55 ms, "b" contact K-2-1 opens and breeks the seal:in circuit of "a" contact
K-i-13, de-energizing "Frint" reley K-1. At 57 ms, "a" contact K-2-5 closes to
maintain piate voltage on the relsy register win "a" contact K-i-5 subsequently
opens.

. At 60 ms; closing -of the reader "A-C Common" contact energizes the desired
printer solenoid through "a"™ and "b" contacts on the translator reiay benk, and
the printer then types the corresponding character. :

At 66 ma, as mentioned above, "a" contact X-1-5 opens, (relay register piate
voltege 1 etill mainteined by "a" contact K-2-10), and "a" contact K-l-6 de-
energizes the reader clutch megnet. 'Closing of "e" contect K-1-2 at 68 ms lssues
no "Completion™ signal st this premature time becsuse "b" contact K-2-8 is gtill
open, Likewise, closing of the reader Feedout contect at 95 ms and its opening
at 118 ms has no effect, since this contact is not used for the "™Words Only" mode.

At 105 ms, opening of the "A-C Common" contact de-energizes the printer sclencid,
and st 106 ms, orening of the "D-C Common® dontact de-energizes the translstor relsys
(K-102), the punch selector magnets (k-202), and "D-C Common® relay K-2.

At 137 me, opening of "a" contect X-2-5 now removes plate voltage from the relay
register {de-energlzing K-12), closing of "b" contact K-2-6 sets up the "CompAatiqn"
signel circuit whereupon closing of "b" contect K-12-2 in the relay register st 147
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ms places +90 volts on the "Completion™ signel line %o terminal 12 end impresses a
positive 120=-volt rulse on the control grid .of a <D21 pulise generator (ref. Lrawing
R-33486) whose ocutput is a O.l-microsecond "Completion™ puise., This yulse signels
WHI to clear the storage register, read into it the next word, erd send & 0.l micro-
socond "Print" pulse to the Tape Output Equipment to start the next cyc.e.

1i3. Relsy Counter FPresetting Feature for "Word-Compiement" Mode of Operation

Operation of individual tepe units is identical to that of the "Words Oniy"
mode, but in addition a scesle-of-two reiay counter is needed to permit the printer to
type a character corresponding to the perticuliar 6-digit "Word" in the gas tube relay
register during punching of the word in paper tape, and then to keep the printer in-
operative during the next cycie while the complement is being punched.

In employing @ relay counter, it is possible to have the counter in the wrong
position at the start of a train of data heceuse of some previous usege, &n unexpected
switehing transient, or some meniruiation of tape equipment, so thet it is necessery
to arrange for some method of presetting this counter immedieteiy before recording
"Word-Complement® date., Accordingly, at least one six-"zero" "Blank" gignal (meaning-
leas to the printer) must be provided by WW1 as the "Blank Preset" signal, Since more
than one "Blenk"™ signel may be needed for other WWI functions, the relay counter has
been arrenged so that it remsins in the position preset by the first "Blank" signes
regardless of the number of similar "Blank" signals following. '

Since operation of the tape units is essentislly the seme in all modes, a descripe
tion of timing relstions in the relay counter will. be considered sufficient for the
"Word-Complement” mode. For this mode, switch S6 ie set to "Words end Compiements”,

Referring now to the "Blank" Signal Preset timing disgram (drswing D-37301), all
four counter relays (K-4 through Ka7§ end "Blenk Preset" relsy K-8 are initialiy un~-
energized., As before, the preset cycie is initiated by a WWl "Print" signal which
fires "Print" thyratron V-2, and energizes "Print" relay K-1 at ¢+ = O ms, Closing

in of K-1 energizes "L-C Common® relay K-2 end reacer clutch magnet K-107, and de-
ionizes "Print" thyratron V-2, Agein curing the reeder mechenical cycle, "D-C Common"
contact S-102 closes at 42 ms and energlzes "L-C Common" relay K-2, which de-energizes
"Print" reiay K-2 and the reeder clutch magnet, Note that in this mode, there is no
meeningful data yet present in the relay register becsuse an esli-zero "Blank Preset"
gtored in the WHWl outrut register has kept alil seven control grids of the gas tube
register (V-3 through V-9) biased to =3% volits, end therefore appiication of plate
vo.tage to the gas tube replster et 50 ms fells to energize any of the register re.iays
(K-11 through K-16)., Hence no signal gets through translator reiays and selector
magnets to actuate the tape punch or printer, _

Leparture from a reguiar mode of operation now occurs st 88 ms when cliosing of
roaaer "Feedout® contect S-101 ensrgizes "Switgh" reley K-4 of the relay counter
through switch S6-2 which was set in the "Word-Comp.ement® positicn. At 92 ms, "a®
contact K-4-3 cioses and energizes "Count" reisy K-5 through Wy contact K-6-2, and
the relasy then seals in through "a® contact K-5-9. ‘

Reopening of "Feedout" contact S-101 at 110 ms de-energizes "Switch" reiey Ke4,
opening "a" contact K-4-3, This now has no effect on "Count" reley K-5 since it is
sealed in through its own contact. However, closing of "b" contact K-4-1 energizes
"Interlock Pulse” relsy K-7 through "a" contact K-5-3 and the preset cycle is complete
ed with the closing of "b" contact K-2-8 and isgusnce of e "Completion" gignal. The
equipment 1s now ready to runch and print the nex’ meaningful cheracter from WHI wirdch
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will be & word, punch the foilowing complement only, and then repeat the cycie £8 long
ag Wil continues to furnish words end compiements. Relsy action for this opsration
will be briefly discussed under Section V, page 7 .

v, ect of Multiple "Blenk Preget" Signaig on Relsy Counter Setiing

Consider now thet a second "Blank Preset” signei is furnished by WWl inatead of
a "Word", as shown on timing diagrem D-37301. Relsys K-1, K=2, snd the reader perform
the seme functions es before, with the exception that "a" contect K-5-6 is now closed
at 185 ms end 115 voits a-c is applied to "Blank or Preset® reisy K-8, As the reeder
cyele continues, "Feedout™ cam contact S-1C01 closes at 220 ms end energizes "Switch"
re.ay K-4 as before, except that "b" contact K-4-l opening at 222 ms now de-energizes
"Interiock Pulse® relay K-7. i

‘At this point it is important to note thet the purpose of "lnteriock Pulse"
relay K=7 is to deprive "Count lnterlock" reiay K-6 of any voitage before "Blank or
Preset" relay K-8 cen drop cut., This ig just ebout eccomriished, but becguse of the
fast drop-out time of K-8, an occesional l-ms puise coes tickie "Count Interiock®
relay K-6 at 23] ms, At no time has this critical timing point given rise to orera-
tional errors either in extensive tests recuired for this report or during normal
operation with WRI, since merginel variation of volteges only contributes to a faster
drop-cut of "Interlock Pulse™ reisy K-7 snd complete dlsappearence of this very short
pulise, The pulse would have to be of et least 5 ms durstion before a drop-out of
"Count" relay K-5 and the resuitant tripping of the velay counter to the opposite
state would be effected.

To contimie with the remeinder of this second "Blank" signal cyclie, opening of
reader "Feedout" cam contect S-101 at 242 ms de-energizes "Switch" relay K-4,,6 closing
"b" contact K-4-1 at 248 ms end restoring sil relays of the counter to their original
preset positions as established by the first "Blank or Preset™ signal. Reclosing of
"b" contact K-2-8 at 264 ms ("D-C Common" reiasy K-2 having been previocusly de-energiszed
at 232 ms by orening of the reader "D-C Common"™ contect) then initistes the "Comple-
tion" sigrel to WWl, signifylng thet the Tape Output Equipment hes compieted a cycis
and is awsiting another "Blank" signal or a "Word",

V. Mord-Compiement” Mode of Operstion

Referring now to timing diagrem D-37303, which is & continuation of L-37301 in
regards to the elapsed time scele, relay and tape unit timing in this mode is identiced
to that of the "Words Only" mode describec in Section II1, page 4 , as far as 492 ms,
except thset now the relay counter is now rart of the system by reesson of the switch
settings on the Remote Controi unit, Tepe punch &nd printer cycies sre initiated in -
the normal menner at 446 and 457 ms.

At 492 ms, eclosing of "Feedout" cem contact S-101 now is permitted to energisze
"Count Interiock® relay K-6 via "a"™ contact K-7-9 and "b" contect K-8-7, the latter
being.closed because "Blank" signels needed to energize "Blank or Preset" relisy K-8
are now sbsent, \

As & result, "b" contact K-6-2 opens at 497 ms, unseals =nd de-energizes "Count"
relay K-5. Meanwhilie "Count Interiock" relay K-6 seals in at 499 ms through "a" con-

tact K €-10 to keep relay K-5 isoisted from energlzing voltage present while "a" con-
tact K-4-3 1a ciosed, "Interiock Puise" relay K-7, which had dropped out et 494 ms,
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end "a® contact K-5-3 which opened st 507 ms (as described in Section 1I) now prevent
"b" contact K-4=1l from de-energlzing "Interlock Pu.ge® relay K-7 at 520 ma. All relays
in the counter are de-energized, the counter is now in the "Complement”™ position, and
the cycie is compieted in the usual menner. :

Upon receipt of a "Compietion® signel, WWI piaces the "Compiement” in the gss tube
register and issues snother "Print® signal at 543 ms. The resulting reiay end tape
unit operations are egein the seme as before, except that "a" contect K-5-6 is now
open snd the printer receives no 1i5-voit A-C signal through the Transletor Releys
(K-102 for exemple), hence no character is typed. The tere punch selector magnets ere
energized at 593 ms in accordance with relay register "a" contactas to punch the
"Complement®™,

The closing of reeder "Feedout® cam contect S-1C1l et 639 ma energizes "Switch"
relay K-4, and the closing of "a" contact K-4-3 at 643 ms energizes "Count® relay K-6
via "b" contact K-6-2, and the letter seals in at 650 ms through "e" contact K-5-9.
Reclosing of "b" contact K=4-1 after "Feedout" cam contact S-101 orens energizes
"Interliock Pulse" relay K-7, the relay counter once again atteins the "Word" position,
the cycle is completed at 690 ms, end the system is ready for the next "Word",

VI, Tape Unit "Stert-Stop," Punched Tape Feedout, snd Delay Control Relsy Functions

A, "Stert-Stop"

Pressing of the "Start" button (S-109 on the reader or S-301 on the printer) is
necessary in reedying the tape outrut ecuipment for operation with W#l after turning
on the power., Its effect on the delay control circuits ere as follows: pressing of
the "Start" button first opens & "b" contect to disconnect the reeder clutch megnet
end then closes an "a"™ contect which energizes Clutch Control reiay K-108, A "b"
contact on this reiey opens the reader ciutch magnet circuit et e second point, and
then an "a" contact energizes the pickup coil of Lelay Control relay K-i09, A "e"
contact of K-109 first compietes the cirecuit to the "buck™ coii of this seme relay,
then an "a" contact in the ciutch magnet circuit cioses, end finelly K-109 seals in
through a second "a" contsct and a 4000-ohm resiastor R-106,

At this point (with the "Start" button still held down) both X-108 and K-109 are
ciosed, and there are atiil two bresks in the reeder ciutch magnet circuit: one is
the "b" contact on K-108 and the other is the "b" contact on the "Stsrt" switch,
Release of the "Start" button first opens the "a" contect and de-energizes Clutch
Control relay K-108 which in turn cioses the "b"™ contact in the reader ciutch msgnet
eipouit. Finally, closing of the "Stert" button "b" contact completes the circuit to
the ciutch magnet. Only then can "a" contact K-1-6 of the "Print" relay energize the
clutch magnet, trip the eclutch end stert the cam contsct mechaniesm of the tape resder,
hence the necesaity of pressing the "Start" button after turning on the power.

B, Punghed-Tape Feedout

In the tape punch, punched tape must travel from the perforating mechanism a
distence of three or four inches to the point at which it emerges from the tesr-orf
guide, so that after completing an cutrut tape, the "Feedout" buttom on the tape
runch is pressed to feed cut about six inches of blank tape, after which the tape can
be torn off., Obviously, of the "Feedout®™ button is not used, three or four inches of
data bearing tepe will be left inside the tepe punch when the tepe is tern off.
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A possibility now srises where someone might press the "Feedout" button asssuming
that the computer has finished resding out dasta, snd spoil the tape. To avoid this
eondition, the "Feedout" tutton is rendered electrically inoperetive by means of the
"Urlock-lock Control, WWI Input" switch when the letter 1s in the ".0OCK CONTROL, WWI
INWUT" position. The "Clesr" pushbutton on the Remote Control box ie likewise rendered
ineffective by the same switch, sinee it is also possible to spoil the prepasrstion of
an outut tape by inadvertently rressing the "Cleer" pushbutton.

D, Control Rela tion

The printer must frequently execute tebular movements of the carriage, carrisge
returns, shifts for capiteis or symbols, end other functicnas which would cause it to
falil behind control signals from the tepe reader, so that obviouely some kind of delay
must be provided to make the reader pause while the printer compietes a function., This
is accompiished by contacts in the printer which first de-energize the reader clutch
magnet and then energize "Clutch Controli" reley K-108 which in turn opens & "b" con-
tact in the clutch magnet circuit. The reader cem shaft rotetes to the point at
which the ciuteh sutomatically disengeges and stops The clutch magnet is not sble
to trip the ciutch until the printer completes its function.

Energizing of "Ciutch Control" relay K-108 meinteins voltege on the pickup coil
of "Lelay Controi® relay K-109 during the delay period when a=c¢c i1s flowing through
one of the printer mschine function solenoids that actuste the keyboard., This current
flow creetes @ voltage drop across the buck coil rectifier SR=-100 and its reetified
output csuses "Lelay Control" relay K-109 to drop out end open the reader clutch
magnet circult. By this time K-108 has hed time to close and meintein the open cire
cuit, :

Completion of a machine function closes the delasy contacts, de-energizes "Clutch
Control® relay K-108 which then energizes Delay Control relay K-109. An "a" ccntact
on K-109 then completes the clutch magnet circuit, whereupon the ciutch is tripped
and the reeder starts out on the next cycle.

VII. Special Circult Provisions

In preliminsry operational tests on the breadboard version of the tare ocutput °
equipment, considerable difficulty srose from excessive transients put out on both the
a-¢ and d-¢ power lines with amplitudes in the order of 100 volts or more end of fre- -
guencies in the megacycle region, R-F filters provided in the printer for the gentri-
fugally-gontrolled governor motor were insufficient for WNI standerds so additional
filtering consisting of L-8 and C-39 was provided in the 115-volt A-C power line at
the point of entry into the relay cabinet.

In turning on the power to the tape output equipment, the possibility of orig-
inating a spurious "Completion" signal is eiiminated by means of ap R-C network cnn-
slsting of R-67, R-68, and C-26 connected in the 390 end =3C voit lines immediately
after the single-stage L-C filters, Condenser C-26 l1imits the rate of rise of voitage
on the "Completion® signal iine to approximately 2.4 x 102 voits per second, which is
sufficiently .iow enough so that the rulse generator sees no more than approximately
0.8 voilt at the instent the «90 volts i1s turned on, and cen therefore produce mo 0,1~
microsecond "Completion® signal to interfere with other WWI operstions. Note that
this R=-C network may be rendered ineffective if power to the Tape Output Equipment is
turned on and off by means of the lever switch on the rack power control unit, since
it is entirely rossibie that the ~90 may appear before the -30, in which case & spuriocus

"Completion” signal would result.
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‘Large amp.itude reiey switching trensients are eliminated from the +150 iine by
means of a two-stege filter contsining lL-4, L-5, end C=29 through C-31l. Any remain-
ing transient effects are less than WWI specifications of 1.5 voits permissibie max-
imum. !

VIII. Power Reguirements, Regommended Fuge Ratings, end Circuit Concitions for Mar=
ginal Operation -

The following tebuietion shows the maximum a-¢ and a-¢ current inruts to the
Tape Cutput Equirment during the various indiceted modes of operation et rated nominal
voitege, the fuse capacities required, and voitages resulting in merginal oreration.

TABLE 11

‘Regommended Minimum
Supply Terminal Max dliamps. 3AG Fuse Sizes, Voitage for
YVoits __No, = One-Hole Six-Hole —8EpeTas: . Mayginal Operation
=150 E2-8 0.2 0.3 1/2 (Note 2)
<30 E2-6 0.1 0.1 1/2 =1 (Note 3)
=15 E2-4 15 15 1/2 =11 (Note 4)
+90 E2-3 0.1 0.1 1/2 #40
150 E2-7 21 40 1 | 115
115 AC - (2.3 emperes) 3 (Note 1) 95

Note 1. Littelfuse "Sioc-Bloe" Cet, No., 313003, 250 voits or ecuivaslent; all others
Cat. No. 312500 (1/2 emp.) or Cat. No. 312001 (1 amp.) or equivalent.

Note 2. Margin expressed in terms of minimum voltege on terminals El-l through Ei-3
necessary to fire relay reglster ges tubes. These voltages range from <170
to 2187 volts.

Note 3. Equipment operates sstisfactorily with almost negiigible blas at this point,
: but disconnecting lead stops operetion instantly.

Note 4. Reader shaft stops at -0 volts; all relay registef gas tubes fire at -3 volts.

IX. Summary

The Tape Output System hes opersted dependsb.y over a preriod of several months,
excert for usuas difficuities gneountered in the tepe units, such as a) stelling and
scorching of driving motors in tepe punch and reader beceuse of incorrect fusing znd
insufficient .ubrication reeching the shaft besrings, b) bad arcing and burhing of
reader "D-C Common" cem sontect, ¢) steiling or jamming of carriage return mechenism
in printer, or d) printer governor-motor inorerstive beceuse of faulty governar contacts.

The rossibility of Tape Output System faiiure as a result of sticking of relay



JB(me -
Englueering Note E-402 Fage 1) .

armatures can be eliminated by e cereful check of ell plug-in Type J releys for lne
eorract residual end heel-pdece gap setlings. For the resicuai screw setiing & gap
of 1.0 £ 0.5 mil (meesured between the armature and the sbutting end of the relay
core by meens of & feeler geuge) 1a recommended. For the heel-piace gep (measured
by feeler gage between the hinged end of the srmature and the sbutting end of the

heel piece of relay "frame® with the ermature held closed) a cleerance of 1.0 ¢ 065
mil is also recommended.
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