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Problem Ho. TB3- OOOT
DIFFERENTIFL ANALIZLR-ELEGTRIGAL MEPECTS OF OPERATION
ABSTRACT

Eitherto most of the electrical eircult diagrams for the Differen-
tial fnalyzer have not corresponded sccurstely with the actual circuits.
This has been due principally to the fact that the drawings did not keep
pace with the many changes made during the deveslopment of the clrcults.
It hae therofore become extremely difficult for msintensnce technlclans
to uso the drawings effectively in tracing circuits, The present study
has therefore become lmperative. Ite purpose is four-fold: (1) to bring
up to date all of the olrcuit dlagrams of the leferential tnalyzer, (2)
to make avallable for operating and maintenance personnel & handbook of
generel informastion on the electrical cilrcuits of the fAnalyzer; (3) to
describe the most common malfunctions that occur in the eiroults and -
methods for correcting them; (4) to provide a means for transmitting to
nev malntenance or oyerﬂting personnel the benefits of the e?perience of
present incumbents.,

It 18 not essential that meintenence techniclans have an intimate
underatanding af the Differentlal fnalymer as a device for solving dif-
‘ferentinl equations. It i felt, however, that the more they imow sbout
it the better they will functlon within thelr own sphere of reePGnsibll—
ity, For this reason the Introduction to this zeport will conslst of
. pome general remsrks on the machine and a brief olementary description
of the " *egr&tor , Which 1s the essentlal component of the Differential
fAnelyzer, ' ; o '

There has been & considsrable amount of literature written on dif-
ferentilal enalyzers. The inquiring reader is referred to the paper
nsmed in the footnote for a well-written and lucild description of the
basic principles involved in differential analyzer operation,*

Following the Introduction, this report continues with descripticns
of the electrical circuits, an outline of operational pro¢edures with
- referonce to electrical components, end instructions regarding trouble-
shooting and adjustment.

ileo acaompanying this report is a ocmpleta get of~ circuit diagrems
indicating the wiring as of September 1, gk, o .

-
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*Bugh, V. and Camwell, S. B., "M New Type of Differential ﬂna.lyzer Jour.,
Fr.,nk Inet,., Vol. 240, No. 4:255-326, 1945
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INTRODUCTION

Thejiff"eren_tiql Analyzer 18- a device for mechanically solving
ordainary differential equations. The fundamental component of the

‘machine is the integrator of which there sre ten on the Aberdeen Dif-
- erentlal Anslyzer (Positions 1-10 in Fig.l)

The' Integrator is: canposed. essentj.ally of -the elements as shown

Cin Flg. 2: a gless turntable A. lying In & horizontal plane, and a

steel wheal B of radius r which rests on the turntable, . The axis of the
wheel 1s parallel to a diemeter of the turntable, . Botatlon of the
turntable results in rotation of" the wheel by friction. . '

. Let us-suppose that the wheel ia-. resting at a d.ista.nce R from the
center of the turnteble. Call the polnt of swmtact "a". Now let the
turntable be turned through an engle d6 {meagured in radisns) as shown
in the disgram. The wheel will then rotate until the point of contact.

- changas from "'a" to a point. "c". It is seen that

b = arc ac = Rdg

RiO
50 that the wheel rotates through an angle —5— ra.diana. Thus, if R
varies continucusly, while ¢ goes fram an mitial value ©; to 92, the -
angular rotation of the wheel in radisns is

Qa
| B
vel

BIH

Meems are provided on the machine for continuously varying the radial
diatance R, .

Each variable arising in the soluticn of a differential equation
1s assoclated with a shaft. In all cases the magnitude of thé variable

- is proportional to the total angular rotation of the shaft starting from’

& kmown initial position. The sign of the varisble is indicated by the
direction of rotation of the shaft,

' In addition to the integrators the Analyzer hes a number of aux-
iliary facilities in the form of planetary differentisl gears. to make
possible addition and pubtraction, ™input tebles" for introducing func-
tional values from a graph (Fig, 1), a "vector table"” for finding the -
resultant of two component vectors, (¥ig, 1) and an "output-inmput table”

" that can be used either for drawlng outpuf curves, or for introducing a
. function into the machine (Fig.l). Multiplieation of & variable by a-

constant 18 accamplished by the use of spur gears. Ordinarily results
of the machine's camputation are recorded by meens of the "printer", which

‘may be controlled either manuvally or autamatically (Fig. 1).

One. of the outgtanding and essential features of the Differentiel

,Analyier 15 1ts flexibility. It 1is so constructed t.hat the shafts housed -

in the gear bed (Fig.l) may be interconnected in eny desired combinstion
provided that certein elementary rules are folléwed to :Lnsure eonsistenocy;
l.e., the interconnections must correspond to a » mathematical ‘equation or
system of equations.. Likewlse,  shbafts may be connected to the Integrator '
positions, teble positions a.nd printer positions in any deaired consistent
wanner.. Naturally, the specific mterconmctions uged will Ve depemdent
on the requirauents of the problem. - o :

'I.F" ‘
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PLRT ONE:; GENERAL bEscRIPTION OF ELECTRICAL COMPONENTS OF ANALYZER

In the light of the foregoing introductory statements, & brief
description 1s made in thies Part of each of the several electrically
cperated components, The dieeuaeion is not more detailed than neces-
sery to permlt a comprehensive explanation of the over-all function
of each camponent, and of its mode of operation. The componente may
be enumerated as follows:: ,

(£) The integrators and aeSoci&ted clrcuits

{B) The tables and ssscciated circults

(C) The independent-variable motor and ite controle

(D) The printer

(E) Auxiliary units
Whereas 1tems C, D and E are unigue components, 1t will be recognlzed
that items A and B each-includes a number of identical unite,”

Section Cne: The Integrators and Assoclated Circuite

In the Introductory discussion of integrator operation it was
shown that the desired integral 1s proportional to the anguiar rota-
tion of the Integrating wheel., Since the slippage bestween the wheel -
and the turntable is to a great extent a function of the load being
borne by the wheel 1t is necessary 1n order to minimize slippage )

. that the wheel be made a6 light me possible and that there be little -
or no mechanical load on the wheel to glve 1t greater imertia, This
problem 18 met by the use of a "men-mechanical ¢lutch", connecting
the wheel to the output shaft in such a way that the output will fol-
low the wheel as 1t rotates, and that the power which moves the out-
put will be eufficiently'great toc operate the gear train connected to
1t, without loading the wheel in any way.

- The following arrangement 1s therefore erected at each integrator
position. (see drawing no. 14). The integrating wheel is connected
through a short shaft to a clrcular polaroid disc, The output 1s alsc
connected 1n a slmilar manner, so thst 1ts own polarcild disc is adja-
cent to, and parallel with, the firet disc, A "servo=follower is then
erected upon the stru¢ture which holds the wheel in poeition The
gervo-follower consists of a lamp which is made to shine through two
cirecular apsrtures upon two identical photo-electric tubee. (ne of these
apertures 18 & palr of polarized plates with a fixed (45°) angle be-

‘tween thelr axes of polarity. The other aperture is separated fram a

. photo-tube by the varlable pair of discs described abovs. The - tubes

- are connected electrically with a D.C. amplifier. The output stage of
the amplifier conslsts of two tubes so connected to an inductive load
that the output current of one tubse tends to cancel the output of the
other, in terms of the magnetic flux produced at the load. The ampli-
fier is initially "belanced" in such a way that the total magnetic flux
at the lcad becomes zero when the seme mmount of light reaches each one
of the two photo-tubes. This means that the"balance point" oceurs in
the amplifier when the axes of polarity of the varilable pair of dimcs
are 45 apart. It is readily scenthat en Increase in light will reach
the affected photo-tube if the misalignment &f thése discs odéure in.
one direction, while & misaligmment in the opposite directilon must
cause a- decrease in light to the affected tube. The increase so af-
fects the emplifier that it unbalances the output current to the in-
ductive load in one direction, while the decremse unbalances the out-
pute- In the opposlte dlrection, Moreover, the esmount of unbalance In

-6-
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ezther direction 18 made to be of approximatsly ths same magnitude but o
oppositely directed, as it would have bedtn for a +ike displacement of
the dlscs in the opposite direction, . The exact menneér in which 21l of .
these reactions are bhrought about within the -amplifier will be explained
in detail at a later point, (See Part Two, Section Four),

_ The inductive load réferred to sbove i actually the field of an -
amplidyne generator,,which 18 not actually on the machine, but in a ‘
spealal cabinet nesrby. This device may be thought of as performing
the function of a power emplifier,

The output of the amplidyne ganerator, which 16 rotated at con-
stant epeed by a driving motor, 1s introduced into the arueture of e

D G. motor, separately-excited and of censtant field strength, This
" motor 1s connected to the output gears of the integrator, and its ro-.
tetion 1s such as to cause the output to rotate in the oorrect direc-

tion to decrease the misalignment of the polaroid discs from the bal-
ance position,

. In order to campare the amplifter and assoclated circuits with
the analogous camponents of & general servo mechanism, refer to draw-

ing no. 15,

Sectlon Twos The Tables and Associated Circuits

» Since the output-input table g of & purely mechanical construc-
tion, we may immediately eliminate 1t from the discussion of electrical
components. The other four tables are constricted alike frcm the elec~
tricel standpoint, and have servo mechanisms identi¢éal to those.on the
integrators, exgepting only for the mechanical and optical elements in the
servo measuring devices, or "servo-heads". In these, the photo-tiube
whieh receives the varlable light depends not on the amount of light
pessing through two polarcid disce, but on the light reflected from &
surfaces The table amplifiers are so adjusted that they are in the
balanced condition when approximately one-helf of the ares.of the con-
stant projected light beam 1= reflected from the white. templete sur- -
face, Into the affected photo-tube. Too much reflected light would

‘cause & correction in the output gear to reduce the emount of white
“surface in the light beam., Too little reflected light is a signal for

the empiifier to cause & correction in the output gear in the opposite
direction, In -all other respects, such as pertein to the operation of the
amplifiers, amplidyne generators and servo-motors, the table servos op-
erate in the same manner as do the integrator servos, In fact the three
corponents last mentioned are identical to, and completely interchange-
able with the correspcnding integrator equipment,

Section Three' The Independent-Variable Motor and its Controls ‘ -
~ This motor is ariven by D.C. power which 18 derived Irom & Spec-

ial control panel, Starting, accelerating, decslerating, stopping,

and, reversing of the motor may all be accomplished by moving the con-

trols of any cne of ten control boxes, arranged at points around the

gear bed, A more detalled description of this control system follows

in a later section of this report. (See Part Two, Section Five),

Sectlon Four' The Printer ' '
"~ This 15 & mechanical-olectrical-air pressure system which is
powered by compressed air under the control of a circult which 1s

- Aupplied with 110V D.C., This system is used to cause the six count-

ers on the printer mechanism to print when impulsed' from any one of

. several avallable impulsing devices, These are discussed at greater

i
[
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length in a later section of thias report. (See'Part Two, Section Six).

Section Five; Auxiliary Units.

In eddition to the electrical components which are mentioned
above, there are three subsidlary unite, These units are the
“Independent Variable Control Panel", the ?Amplidyne Cabinet" and
the "Balancer Control Cabinet".

(1) Independent Variable Control Panel: " This unit controle
the operation of the independent variable drive motor. 'The con- ‘
nections from the panel are brought to the machine. through Bevefal
condiite which extend from the panel under the floor. .

(2) The Amplidyne Cebinmet: This is & large sound-proofed
cabinet containing all of the eamplidyne motor-generator sets used.
on the fourteéen servo-mechaniems. These are arranged in racks,
and are comnected to the machine through an overhead eable duct.
Beneath the emplidynes 1s the balancer set end terminal box,
These are associated in operation with the Balancer Control Cabinet,
. (3) The Balancer Control Cabinet: This cabinet contains the

pawer switches which supply both A.C. and D.C., power to operate the

- electrical equirment. The relation of the balancer set to this oab-

inet i& to convert 220V D.C. to 110V, to be applied through the ap-
propriate teyminals in the cabinet to the machine, Connections
fram this cebinet to the machine are slso brought through the over-
head cable duct. '
In the Entroductian the operation of the Differential Analyzer
as a unlt 1s dlscpssed. In this Part, genersl statcments have beén
made on each of the subdivisione of electrical equipment which con-
tribute to this operation, In the next Part, these subdivisions ars
discuseed in detall, with references to the appropriute schematic |
and wiring diagrams



PLRT TWO: EXFLANZTION OF CIRCUIT DI.GRAMS

" Section (One: ' The Balancer Control Cabinet

The right half of drawing no. 1 contains all of the wiring in
this cabinet. A two-wire D.C. supply of 220 volte enters the room
through & hand-operated switch above the cabinet. This supply ie

connected to terminals I, and I, of the balancer starter, in exam-
ination of the Internal Tircult diagram of the balancer starter

- {drawing no. 2) will reveal that terminsle L, and Ay willl become
connocted when the start-stop switch, drawn Pelow tlle unit, is pushed ,

to "start", (This switch ies in the door to the cabinet.) By ref-

- ¢rence to the 16 terminal block in the Balancer Control Cebinet, it -

may be segon that terminala 1l and 13 become comnnected to this 220V
aupply, through this starter, when the button hes been pushad.

- Theae terminels ars directly connected to terminals 2 and & of the
separate control box for the balancer set., (Sees left side of draw-
ing no, 1,) This bax 1s in the bottam of the Amplidyne Cabinet,
directly between the twin balancer units, An exmmination of the
schematic cireuit diagram of the balancer set (drawing no. 3) will
rovedl that a new potential, equal to the mid-point between the
two input potentlals, is now developed in the balancer end brought
out to terminal 7 in the balancer control box. Terminal 7 connects
back to terminal 12 In the original terminal block referred to.
Hence, we have three D.C. potentials at terminals 11, 12, and 13,
which are shown on drawing no. 1 and indlcated by the voLtmebers on
‘the door of the cabinet,

The D.C. gupply which has now been developed on terminals 11,
12 and 13 must be trensferred by some mesna to two otier sets of
terminals on the same block, before it can be used by the machine.
These terminal sets are 1, 2 3, and 14, 15, 16, respectively. L,
2 and 3 are eventually wired to the lighte in the servo-units; 1k,
15 and 16 are used to supply the sservo-motor flelds and the am@li~
dyne moto;e.

' Terminale 1%, 15 and 16 are connected into three terminsls. in
the lower, or "load side", of the D.C. starter. In addition, ter-
minals 1 and 3 are ccnnected into 14 and 16 respectively, through
‘ammeters and rheostate in serles, ' (The use of these meters is dia-
cussed in Section Two of this Pert.) Terminal 2 is connected into
12 on the D,C, starter. Llso, 1t may be seen that the upper ter-
minals of -the D.C. starter autumaticslly recelve the D.C. voltages
of termindls 11, 12 and 13.

~ It 18 now seen that the closing of the D. c. starter will
supply the desired potentials to the two sets of terminals, 1, 2, .

'3, and 14, 15, 16, However, the D.C. starter will not cloge until
ita coil is energized. (Bee drawing mo. 4.) To dilscuse the ener-
glzing of thls coil, it 1s necessary that attention be, brought to
the subject of L.C. power,

% conduit enters the base of the Independent Variable Control
Panel on the extreme left, as one faces the panel from the rear.
This brings 110V, 60 cycle, ¢ingle-phese 4., power into the machine
from a wall switch behind the panel. This supply is in no way
electrically connected to the panel as 1t flrst comes 1n, but it
le wired into another ponduit which cannects by way of the aerial
cableway, into terminals 7 and 8 on the 16 terminal block in the
Balancer Control Cabinet, (See drawing no. 6,) The Amplidyns
Provhle Cilrsuit in the Balancer Contrel end /Amplidyne Cabinete

g



derives its power directly from terminales 7 and 8. Also, the utllity
outlets on the machine derive thelr power directly fram the Incaming
line., However, berring these exceptions, all other components of the
machine which wee 4A,0. power for thelr operation derive this aupply
from terminsle 9 and 10 in the Balancer Control Cabinet, ~These two
terminals receive their power from terminals 7 and 8 through the
operation of the 4.C. starter. Refer to drawing no. 5. It 1s seen
here that, in order for terminals 7 and 8 to close on § and 10, the
coll must be energlzed.

Connected into the starter are lines from the three- terminala
4, 5 and 6. These terminals are in turn connected by the cableway,
(wiring not shownt in drawing no, 1), into the machina, The machine
wiring of these lines 1e shown cn drawing no., 6. It 1s represented
gchematically on drawing no. 5, In the line through terminal 5
there are two separate contacts and a .set of two (See¢ drawing no.5).
The D.C., or "light control", relay set ls plctured again in drawing
no. 1 at the top of the Balancer Control Cabinet (1ts actual loca-
tion). The limit ewitch contact represents a group of switches in
 series which are, 88 shown, normelly closed These are the red-top '
1imit micro-switches which may be geen under the glass disc on the
left slde of each integrator, and also all of the limit micro- .
switches which.are located on the table side of the machine. These
switches open by'means of arms or plates connected to the traversing
mechanlems, when the displacement of the mechanlsms tends to go be-
yond the limits gvailable. A detailed view of the limit switch
wiring at an integrator 1is shown in drawing no., 10, The A.C. con~
trol relay opens the line to terminal 5 whenever A,C. power 1s off
of terminals 9 and 10, (Ses drawing no. 1.)

With the oontacts as shown in drawing no. 5, & circuit thru
the coil in the A.C. starter is completed when one of thé three
- gtart buttons on the machine 1s pushed. This is a momentary-type
button, and opens the circuit at the instant the finger 1s moved
avay. Before the circult opens, however, a chaln of events occurs
which holds the starter closed by means of a clrcuit through' the
line betweon termineis 4 and 5. While the finger 1s on the start
button the £.C. starter coll is energized. This clowges terminals
7 and 8 with 9 and 10 respectively, and the A.C, contyol relay coil .
shown in drawing no. 1 18 enmergized., This closes ite contact in
the line to terminal 5 (Bee drawing no, 5). Since, as shown in
drawing no. 1, the A.C. 'starter coll is comnected with the coil in
the D.C. starter, this latter coll 18 also energized, This will
throw the D.C. starter on, completing the D.C. comnections which
have been previously discussed. Provided that the light circuits
involving the lines to terminals 1, 2 and 3 are completed on the
machine, the light contreol current relays in lines 1 and 3 wlll be
-energized. Thus the line between terminels 4 and 5 is completed,
gnd the finger may be removed from the start button without opening
‘the ¢ircult which keeps the starter coils on the line. Notice in
particular that neither the A.C. nor the D.C. starter would remain
on when the finger 18 removed from the start button 1f elther the
line to terminal 1 or to tarminal 3 feiled to carry current or if
any of the 1imit switches mentioned were opened

~10-



‘Bection Two. Circuite Connecting the Balancer Control and Am@lidyne
Cabinets to the Machine -

The operatlons described in Section One of this Part will result
in placing 4. C, power on terminels 9 and 10, and D.C. power on the
two aste 1, 2, and 3, and 14, 15, 16, These three'sets then became
the terminals to which all but two of the electrically-oparated machine
caiponents are connected., The eXcoptions are the printer (See Section
8ix of this Part), and the magnetic clutches on the integrators. The
clutch ¢ircult is discussed in the next to last pardgraph of this Sec-
tion.”

Tt should be moted in particular that the Independent Variable
Control Panel is aleso dependent on these three sets of terminals; thus
the operation of the panel is dependent on the prior functioning of
the £.C., and D.C. starters. (See drawing no.. 6.)

Next, examine drawing no. 6, which ghovs in the lower left hand
corner the 16 termimal block in the Balancer Control Cabinet (Section
One). On this drawing, all of the control and power feeder circults
leading from the Balancer Controi and Amplidyne Cabinets are shown,
excopt for the amplidyne cable connections which are shown on drewing
no, 9. The lines from terminals 1, 2, 3, 9, 10, 14, 15 and 16 are
extracted from drawing no, 6 imto the three separate seotions of draw-
ing no. 7. This is for the purpose of clerifying the relationships of
the varlous leoad circults to each .other and to the -povwer source.

In (1) of drawing no. 7 1t is seén that the D.C. from termimsls
1, 2, and 3 18 supplied to the amplifisrs in serles connections, one
aeries for the integrator side (1line 3) and one for the table side
{line 1). The discussion in Section Three of this Part explains that
this D.C, powér 18 used only to feed the lamps in the servo-heads and
followers. . Thus, if one light goes out on either side the assoclated
light control relsey opent a contact in the line to terminal 5 in the
Balancer Conirol Cabinet. The dis¢ussion in Section one explained
that thie would ultimately drop out both the A.C. and D.C, starters.

L% thie point it is suggested that drawings no. 1 and no, 6
be examined concurrently in order to trace the light feeder ¢ircuit .
- fram the terminals of the D.C. starter, through the apmeters end

rheostats on the door of the Balancer Control Cabinet, to the light
circuit shown in drawing no, 6. The upper ammeter and the two upper
rheoetats indicate and control the current to the integrator side;
the lower ammetsr and rheostat pertain to the table -side. The normal
operating current is 2.2 smperes in each side. '

The A.C, applied to the amplifiers from terminals 9 and 10 con-
forms to (2) of drawing no. 7. The connections are parallel, and eny
amplifier may be connected or disconmected by means of ite own switch,
marked "4.C.", on the front of the associated integrator or table
Junction box,

© In (3) of drawing no. 7 1t is shown that there is & 110V D.C.

gource provided for each integrator and table from the clrcult lead-.

" ing to terminals 1k, 1% and 16, These are also parallel comnections,
The discussion in Section Throe of this Part explains that these
connectlons are used to supply the fields of the servo-motors, and
to drlve the amplidyne generator drive motors, through the switches
merked "D,C." on the fromt of eack integrator and table junction box,

- The elutch and printer feed ¢ircult, shown in drawing no. 6,
is a two-wire line extending fram tarminals L and T in the terminal
box of the balancer set, through the aeria) cable-way, to a rigid
_condult containing 3~inchjb0xas.' A detailed description of the

: .
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clutech circult beyond the 3- inch boxes 1s affordsd by draw1ng no, 10,
It should be pointed out that these circuits are supplied with driving
potential at the moment the balancer set is started and do not depend
on the prior operation of the D,C. and A,C. starters.- The clutches are
nged to disconnect the Iintegrand lead screws fram thelr respective
driving shafte wnder either of two conditions: (a) the clutch push-
button is pushed, or (b) the gresn-top limit micro ewitch on the assoc-
iated integrator is actuated, The normal, unmegnetized, condition of
the clutch conmects the integrand lead Borew to its driving shaft;

the magnetized condition disconnects it.  The green-top limit switches
require a greater translation of the 1ntegrand than do the red-top

switches, which are able to drop out the A.C, and D.C, starters. The

intention here is to prevent damage to a twrntable due to the possible
fallure of a red-top switch, or to exceesive over-riding of the lead
screv after the A.C. and D. C starters have dropped out.

Thus far the conditions have been dilscusseéd which lead to supply:
of power to the integrator and table positions, to the Independent
Variable Confrol Panel, to the clutches and to the printer. The next
gsection describes the integrator and table junction boxes, -

Section Three: The Connectlons at Integrator and Table Junction Boxes

- A1l connections to the integrators and tables, except for those
pertaining to the clutches and limit switches, are made to 8" x 281"
Junction boxes located beneath each pair of integrators, or to 8% x 14"
baxes located beneath the gear bed adjacent to each table. [ general
view of the conduit and cables lsading into these boxes is alforded by
drewing ho. 8. Notice that there is one table for each. table junction
bok, but that there are two lntegrators for each Integrator junctiom -
box. o

Each integrator or table is:connected to a junction box through -
twelve temmlnels. The A.C. and D.C. connectlions to the integrators are
shown in drawings no, 1l and no. 12, respectively. The wiring represented
by both draW1ngs ccours in the same Junction box; it 1s shown aaparately
only for clarity.

Drawing no, 11 shows that the two integrators are in parallel with
respect to A.C. pewer, and that cach can be supplied with A.C. at ter-

- minals 11 and 12 by closing an "A.C." switch. Also, the indicating

light on the switch 4s in parallel with the load,

Drawing no. 12 shows that power reaches terminale 1 and 2 on each
integrator when its "D.C" switch 1s closed, It also shows that the
light for this switch is in parallel with the fleld of the servo-motor,
which 1s comnected to the black and white leads (F; and Fp}. However,
tha lamp and this load cannot be supplied from terminale l and 2 until the

. C. swltch has been turned on, and a time delay relay has hed time to
operate. Also, 1t is observed that any potential which may exlst be-
tween terminals 3 and 5 (nemely, the armature voltage of the amplidyne
generator) will not be connected between terminels 3 and 4 until the
same time delay relay closes. The mignificance of this delay relay is

brought out in Section Four of this Part, Finally, it is seen from

drawing no. 12 that the D. C. supply which feeds terminals 9 and 10 of
each integrator feeds them in saries with the same termlnals on the
other integrator.

in eXamination of the diagram showing connections to the tables
(drawing no, 13) will show that these connections closely compare with
those to the integrators. However, a double-pole-double-throw switch
1s added tc emable one to reverse the black and white leads to the servo.

PROFERTY OF U.S. ARMY
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motor (1.e., the field leads) " This reverses the effect which the am-
plifier will bhave upen the servo-motorts direction of rotﬂtion, and 1t
is a function of whether the servo-head 18 to follow the upper ox lower
edge of the white area on. the template.

Section Four; The Amplifier and Assoclated Circults

Drawing no, 16 shows the electrical relatlonships which exist
-within the &mplifier and the servo-head. The power lmput to the ampli-
fler is plug no., 2, Terminals 1 and 3 in this plug receive the A.C.
potentlals of terminala 11 and 12 in the Junction hox. Terminale 2 and
4 in plug no. 2 recelve the D.C. potentiale of terminals 9 and 10 in the
junetion box,

The mechanical arrangement of the servo-follower (or head) re-
quires 1t to be connected to the emplifier proper through plug no. 3.

& 8implified schematic diagram (drewing no. 17) eliminates this plug
and should be used as a reference in the following discussion.

The 5Wh is a full-wave vectifier, the output of which is smoothed
through a%y® network and expressed across an output resistance., This
supply is positive with respect to ground and is used to feed the two
photo-electric tubes in serles, and the plates of the 6SJ7 and &J5. It
also feeds the screen grid of. the 6SJ7. The S5U4 is also a full-wave -
rgetifler. It is wired in essentlally the same manner as the 5Wh, ex-
cept that its output potential rune samewhat higher then that of the
5wk, (Since the 5U4 is used to supply the plates and screen grids of
the two 6L6's, it 18 remscnable to Infer that 1te regulation would have
geriously hampered the operation of the first two atages, had these two
stages)been ‘connected to it. Hemce, two separate plate supplies are pro-
vided

The 929 photo-electric tubes are such that the gmount of rqsist-
ance they offer to current flow is a function of the smount of light ad-
mitted to them. They may thus be thought of aa variable resistors. The
upper tube recelves a constant 'amount of light. The lower tube recelves
a variable amount, as mentioned in Section One of Part One. The reslstor
Ry, Dbelng l0 megohms in value, 18 effectively in parallel with the lower
tube. Aleo, the two photo-tubes are in series with a D.C. potential.
Increages and decreases in the light flow to the lower %ube will cause
increeses and decreases in its &ffective resistance., These c¢hangés will
 increase and decrease the current flow through both tubées. Since the
offective registance of the upper - tube is constant (constant source of
‘light), the voltage drop ecross the upper tube will Increase or decrease
in an amount proportional to the change in current, This drop 1s applied
to the grid of the 68J7.

The resistor Rp 18 g ‘cathode bias resistor. The varlabla tap on 1t
enables one to change the grid bias of the tube, through Ry, to a value

suitable for correct operation,
The 6SJ7 is a pentode emplifier, and as such it has a.large plate

registance. This fact means that the current in the plate circult of the
tube 1z little affected by the phase angle of the load impedance. If a
change in the grid. voltage of the tube is brought about, there will be a
change 1n plate current through an inductive impedance L in geries with
a resistor R-r. The voltage across any coll is proportionel to the rate .~ -
of change of “current through.it, Hence, the potential of the Point A with.
respect to ground may be made to rise or drop through a large emplitude
1f the #ignal is changing rapldly. The resistor has a drop which is
proportional, not to the rate of change of current) but to the amount of
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current. Thus, the potential at A mey'aleo be affected by relatively
slow er ccnetant deviations in the:plate current. The RC circult GlR3
transmite the signal to the grid of the 6J5 phase~inverter- atage.

Let us explain the mothod of coupling shown in the diagram by
first considering elternative methods of coupling. TFolnt A is obviously,
guite high in potential with respesct to ground, To feed its potential
directly -into the grid of the 6J5 (Fig.3) wouldmean that the cathode' of
the 6J5 would have to be ralsed to the neighborhood of that potential for
correct operating bias, The plate of the tube would have to be raised
a like amount; and these changes in ‘the operation of the tube waould be
Inadvisable. To feed the potential of point A to the grid through a con-
denser alone (Fig. 4) would get rid of the D.C, potential at the grld if
a grid leak resistor were provided ahd connected to ground, But such an
arrangement would Indicate constant deviatlons in the potential of point
4L from the "balanced" potentlal as merely transients. The coupling re-
sistor R, (Fig: 5) 1s therefore necessary.

Thé D.C. circuit which would thus be provided between point A,

through Ry and the hypothetleal ﬁrid leak resistor, and ground would en-~
able the 'id potentlal of the 6J9 to represent constant deviations in

the potential of point .. The Ffraction of the D.C. change in potentlal
of point £ which reaches the grid could be kept high by meking R, small
-relative to the grid leak resistor. However, because the drop agroee R3
would be emall, the D.C. potentlal on the grid glde of R, would remain
essentially near the potential of point 4. Thus, additignal steps ‘are
necessary to bring the D.C. potemtial of the grid down to a value reason-
- ably close to cathode potential.
: ' The devlce here used 1nvolvee the operation of the 879 tube, shown
.in the lower part of the drawing, This is a half-wave vectifier wired to
¥leld negetive potentials as high as -1000 volts. ‘The resistor Ryis con-
nected into the load of thls rectifier, so that we have a circuit which
may be represented as shown in Fig.: 6. It 1e tmediately seen from Fig.6
that the D.C. potentlal at the grid might concelvally be made near to
cathode potential by a proper choice of resistors, This is the essence
of the system here applied at the Input to the 6J5, The steady state
value of the grild potential 1s close to cathode potential and yet any
fluctuations in the potential of point & (including the very slow or ocon-
gtant ones) are transmitted with little loss to the grid of the 6J5.

The 6J5 le a trlode phase-inverter, the output of which ie two-
fold, C(ne output 1s taken directly fraum the cathode, and the other from
the plate., If the current through the tube increases, the plate voltage
becomes closer.to ground, and the cathode potential beccmee nore peos-
1tive with reepect to ground. Thus, the two cutpute vary at all times
oppositely with respect to ground.

The manner in which these outputs are connected into the grids of the
two 6L6's is essentially the smme as that in which the plate potential
of the ESJT is transmitted to the grid of the 6J5, with resistora 1in par-
allel with condensers for coupling, and with high negative potentials
used to "buck out" the positive D.C. potentials which would otherwise be
- transmitted t¢ the grids. The plate supply for these two tubes feede the
current in opposite dlrecticns through the field of an amplidyne gener-
ator, The direction and megnitude of the magnetic flux in this fleld,
then, 1s dependent on which tube carries the most current. The poeei-
bility for chenging elther of the 6L6 grid bisses,or the bias of the. 6J5,
asgists one to balance the amplifisy at an angular misalignment of 45 de-
grees in the polaroid disce which admit light to the lower 929, and also
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for a given smount of current in-each output tube at that point, Ef-
ficlent operation is galned when about 5 miiliamperes flows through each
6L6 at the balance point.

The output of the &mplifier 18 a three- conductor line connected
from plug no. 1 t6 the terminal box of the integrator or table. The
actual conpection to the amplidyne generator is made as shown in the
diagrem of the D.C. wiring in the terminal box (drawing no..12 or 13).

As explained in Section Three of this Part, the output of the gen-
erator (i.¢,, the armature voltage) reaches the armature of the Servo-
motor only if the "A,C." which feeds the smplifier has heen turned om.
Then, the time-delay relay comnects the servo-motor field to the D,.C.

‘source, and the output of the ampllidyne generator to the armature of the

cervo-motor, This prevents transient conditions in the amplifier (while
warming up) from having an effect on the output motor.

Ain importent characterlstlc of operatlion in this amplifiar is
understood when it is recalled that the eventual output from the power
gtage depends on the deviations in the potential of point ., which is in

.the plate circuit of the first stage. The rapld deviations result from

chenges in the current through the inductance L. /it the same time, the
slow and constant changes in potential in this stage are expressed to the
grid of the 6J5 because of the resistor R, the voltage drop across which
depende, not on the rate of change of cur?en but updrr the magnitude of
current flow, The introduction of the inductance L increases the sensi-

tivity of the amplifier to rapld changes in the error.

The function of the anti-lunt circuit may be explalned as follows.
First, assume that the anti-hunt circult were removed. /An error in the
alignment of discs occurs which csuses a change in output favoring cur-
rent flow through the upper 6L&6. /48 a conseguence of thils, the servo-
mctor 1s eventually caused to rotate in such a direction ag to decrease
the original error. However, because of the hlgh lnertia and low friction
in the physical system as a whole the servo-motor does not cease rotation
at the instent the error becomes zero, but has a tendency to over-ride.

At the moment 1t over-rides an error is caused which favors current in the
lower 616, Lgaln, the inertia in the motor causes it to ride back over
the zero error point) and 8o on. £n osclllation of thle nature can be
elimlnated if tHe emplifier is made relatlvely insensitive at the natural
frequency at which the oscillation ocours, A condenser . in series with

. resldtance, and connected between the grids of the 6L6's, is a device

vhich accanplishes this damplng effect. As the tvo.grid'potentials begin
to récede and approach each other at the ose¢lllating irequency of the

‘aervoamechanism, the capacltance draws current; hence, "1t tende to stab-

1llze both potentiala, and reduces the outputs of the respective tubes to .

- values which in conjunction with the natural damping in the mechanlcal

syﬁtem, will prevent further oscillation.

Section Five: —The-Independsnt-variable Control Panel

The camplete function of this panel i1s to control the speed and
direction of rotation of the independent-variable drive motor. Drawing
no., 6 shows the wiring which conhects the panel to the 4.C. and D.C, supply
sources.‘ The only other wiring external to the panel which 1s asBsoclated
with its operation ls represented in drewings no, 23 and no. 2h, The

‘motor-generator set which is in front of the panel 18 connected to it by

two shortlengths of B-X cable.
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Drawings no, 19 through no., _21I- com;pletely describe the wiring of
" the control penel and ite assoclated control clrcults, However, for the
" purpose of explalning the details of the operation, schematic drawing
no, 18 is provided. The following dascription is best understood by re-
ference to thie drawing.

A preliminary view of the schsmatic circuit will reveal . certain
‘ bagic facts regarding the inter-relatilonships which should be remembered
as the analysis procedes into a disoussion of specific control conditions,
These facts are ag follows:

(1) The letter"A"™ following the numerical d.esi@lation of a relay
indlcates that 1ts coll 1s in paraliel with the other relay having the
seme number.,

(2) Every relay coil in the panel, plus pvery indleating light
and the fleld of the rheocstat motor, is ‘grounded on one side to the A,C.
source. This lead is also the ground side of the A.C, llnes; hence 1t is:
at the same potential 88 the frame of the machine, '

(3) Relay no, 1 1s used to reverse the leads fram the D.C. gener-
ator to the independent variable drive motor. The left-hand contacts on
' no, 1A cause the "reverse" lamp to light whenever releys no. 1 end no, 1A
are energized.,

% ) Relay 'no. 2 acts to open the leads conneet:.ng the D.G. genera-
tor and the independent warimble drive motor. The left~-hand contacts on
no, 2A cause the "stop" lamp to light whenever relays no, 2 and no.2A
are energlzed, and the "operating" lamp to light when the relays are not
energized,
~ (5) The left-hand contacts of relay no. 3 will comnect the A L. line
across releys no. 2 and no. 2A, (hence preventing the operation of the
D mdepend.en'b-varia'ble notor), except when relay no. 3 itself 1s energlzed,
‘Once snergized, relay no, 3 cannot be dropped out except by opening the
A.C., powér source. To energlze the relay, limit switch "A' must be actu-
ated, which means that the driven contact on the rheostat must reach the
startiug positicn before relay no, 3 will energize and permlt releys no. 2
.and no, 24 to drop out, For these reasons relay no. .3 1s roferred- to as
the "initial reset" relay, Its uBefulness in the circuit is restricted to
the case where the A.C., power 1s applied to the panel at a moment when the 11
driven contact on the rheostat 1s not at the “initial {=oro voltage) poni—
tion,

(6) Relay no. 5 .ﬁmotions to open the circuit of the series—cormectu
rheostat motor,

(7) Relay no. 6 functions to reverse the armature leads of the rheo-
. 8tat motor with respect to the fleld., This will cause a reversal in the
direotion of rotation of thls motor when power 1s applied. -

. (8) Two conditions must be satisfled before the rheostat motor will

rotate: (a) line no. 29 must be connected to the high Bide of the A.C,
‘ supply, and

(b) relay no. 5 must be unenergized,

These same corndltions, it will be observed, determine the energizing of
relay no. 7. This relay is used to switch 115V D,C. into the magnetic
clutech circult through a current-limiting reeistor, Thus, the clutch acts
to comnect the rheostat motor to the pulley mechanlem only when the motor
is to rotate, and disconnects the motor from the pulley at the instant the
voltage is removed from the motor, The purpose of this clutohing device
is to decrease the temdency for ths . driven tap an the rheostat to "over
ride" after the motor voltage 1is removed
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(9) One gide of every hand control switch is connected to the high
‘gide of the A.C. lime (line no. 32). The numbering of the control lines
corresponds to the terminals in the lower terminal strip to which they &are
connected,

' The closing of the A.C and D.C. etarters in the Balancer Control
cebinet simultaneously applies 110V 2.C. and 110V and 220V D.C. to the °
penel a8 indicated in Section Two of this Part. The A.C. power lmmediate«
1y starts the motor of the motor-generator set, and brings power to the
relay system, The D.C. power is supplied simultanecusly to the fileld of
the independent-variable motor and to the 635~olm rheostat.  The field
recelves 110V, whilie the rheostat receives 220V, The field of the gen-
erator in the motor-generator set roceives the portion of 220V which is
determincd by the instantanecus posltion of thé drivan tap on the rheo-
stat. ’

' It 1s essumed that the driven tap 1s at some initial) positien other
than at the zero voltage end of the rheostat. Therefore, limit switch A
is open, relay no. 3 is not energized, and relays no, 2 and no. 24 pick
up through the left hand circuit on no. 3. This in turn causes the stcp
lamp to light and prevents the independent-variable motor from receiving
the gemerated voltage otherwise avalleble to it. With switeh "D". closed
there 1is also a circult through the left-hend contacts of no. 3 and switch
‘D" which causes relays no. 4 and no. 4 to be energized. The left-hand, -
oontacts of no, I now form a hold-circult for relays no. 2 and 24 which
- will hold them up until relays no. 4 and no. 44 drop out. The right-hand
contacts of no., 4 form a holding circult for no. 4 and no. 4t until con-
tact "C" is opened. The contacts on no. Wi respectively apply the high
-8ide of the A.C, line to control line no. 29, which feeds ‘the rhecetat
motcr, and the e¢oil in relay no. 6 through control line no. 31. The Te-
sulting rotation of the rheostat motor i1s in such a direction that the
driven tap approaches the zero voltage end of the rhecstat, actuating in
turn switohes "D", "B", and simultaneously the group "\, "C" "E". When
switch "D* opens, relays no. 4 and no. 4. are forced to depand on thelr
hold circuit to rempin-energized. When switch "B™ closes, relaye no. 2
and no, 28 have an added hold circuilt which is independent of relays no. b
and no. 44, When switches "%, "C" and "EY are functioned, relay no..3
plcks up, thus .opening the circuit which origineily picked up relays no, 2,
no, 24, no. 4 and no, 4i., Also, the hold circuit for reldys no. 4 end
no. W\ opens, dropping out these two relaye, The opening of the contacts’
.on no. M\ drops out relay no. 6 and thue opens the line which applies volt-
age to the rheostat motor. The rheostat motor is thusstopped at the mom-
- ent the last of the switches 1ls actuated. .

The foregcing operations may be thought of as the "1nitial reset
operation”, It was performed without the neceasity for any control switch
mﬂnlculation. '

To start the independent varilable mctor in the forwerd direction,
the control switch 1s moved toward "incremse". This eloses lines no. 29
end no. 30 to the high side of the A.C. line, Line no. 29 closes the
rheostat motor to the line, causing 1t to drive the drlven tap on the
rheoatat toward the high-vcltage end, The Pirst switchee to de-actuate
are "A", "C" and "E". "A" hes no effect since relay no. 3 'is already en-
ergized. '"C" hes no effect since relays no. U and no. 4. have dropped ont.

- "E" has no effect since linse no. 31 is not-connected to the high side of
the A.C, line. B8witch "B" opens next, and since it was in the only hold-
circult for relays no. 2 and no, 24 at this tﬁne, relays no, 2 and no. 2A
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drop out, causing the “operating" lemp to light, and causing the indepen-

dent-variable motor to redeive the output voltage of the D.C. generator.

When ewitch "D" closes, the circuilt through it to pick up relays no. b4 and

no, 4. is dead; hence the relays are not energized, - (Notice that relays

- no, 4 and no. 44 would have teéen energired, thus initleting the "initisl

reset" operation, 1if switch "D" had not been adjusted to close after

gwitch "BY had opened)., .

The eircuit conditions which exist af‘ber the closing of switch "D"
remain tmohanged untll scme one of the following conditions occurs;

(1) The ™incremse" switch 1s restored to neutral. In this case,.
only the rheostet motor stops, cawging the driven tap on the rheostat to
stop, and hence causing the independent.variable motor to remain at con-
stent spesad. .

(2) The ewitch 1s moved to "decremse". This keeps the rheostat
motor on the line and reverses 1t. If the "decrease"” is held on long
enough, the limit switches will eventually be actuated as follows: "D"

. will open, thus preventing relays no, 4 and no, 4 from energizing; "B"

will clome, thus sctuating relays no. 2 and no, 24, stopping the inde-

pendent variable motor; ewitéhes "A" and "C" will heve no effect, while

- "EY w111l pick up relay no 5 through line no 31, which 1s connected through
the control switch to the high side of the A,C. line, Thus, the rheotat

motor 1s agsin stopped.

= (3) The control switch 1g held at "1ncrea.se" until limit ewitch "F"

18 closed, Since line no. 30 is connected to the high side of the £.C,
line through an "increase" switch, relay no. 5 becanes energlzed, thus
stopping the rheostat motor, Thls notor c&.n thenbe started only in the
reverse direction,

, (4) The control switoh is moved to “"stop". This action connects |
line no. 34 to the high slde of the 4. C. line, and thus causes relays
no. 2 and no, 2A to be picked up. Rslays no, L4 and no. b4 are almo picked
up through ewitch "D". These relays perform the initlasl reset operation
as previously described., In this case, however, it is performed without
the aid of the relay no, 3 contacts, Relays no. 4 and no. 44 hold until
switoh "C" opens, The opening of switch "D" hes no effect, The closing of

"gwltch "BY provide& an additiocnal hold circuit for rela.ys no. 2 and no. 24,
which keeps them emerglzed when, finally, switches "At!, "C" and "E" are
actuated, and relays no. 4 and no, 4\ drop out., The stop impulse need
pnly be momentary in order to start this reset oporation :

The following conditlone govern the reversal of the 1nd.ependent var-
lable motor' Relays no, 1 and no. 1A muat be picked up imitielly through
the right-hand contaots of relay no. . This 48 possible only when no.
20 1is picked up and the independent vari&'ble motor 1s at "stop". A hold
circult for relays no., 1 and no. 1A .1s then provided through the right-
band contacte on no. 14 a8 long as the control ewltch 1s at "reverse”. At
the. moment relay no. 24 drops out, because of the startlng of the in-
dependent veriable metor, the hold circuit for no. 1 and no. 1A 1s sup-
plemented by & circult through the center contacts of no. 24, which pre-~
vents relays no, 1l and no,lA fram dropping out, once energized, until re-
lays no. 2 and no. 24 are agaln energized, and the independent~variable
motor stopped.

The toggle switch on the front of bhe control panel oPens the in-
dleating lemp feeder lines and enables one to change burneéd-out bulbs with-
out danger of being shocked, and without regard for the conditons of relaeys
no, 2. and no. 28, which feed. ‘themn.

Simultanesis operations:of more then cne control statlon prod.uce
conditions which are intended to incresse the safety of the control system.
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Any swltch moved to "Btop" will initiate the initial reset operation
regardless of how any other control ewitches mre moved. Also, in the,
event that one switch ie moved to. "increase" while a second 18 moved
to "decrease”, the "decrease" control switch will predcminate.
, A1 voltages may be removed from the panel, except for the D.C.
leads to the rheostat, to the fleld of the 1ndepen&ent-variable motor,
and from the rheoetat to the fleld of the D.C. generator, by opening
the knife switch in back of the panel above the lower terminal,strip.

Section Six: The Printer Circuits

Tn Sectlon Two of thig Fart a brisgf reference wae mads o the >
fact that the printer is supplied through the cluteh feeder cilrcuitl.
This power supply 18 made to actuate a mechenical-air-preseure system, _
- the effect of which in turn is to print the values of the output counters
at any desired instant on a sheet of paper.
‘ We are not here conserned with the mechanical construction in-
volved in the printing operation. It is sufficient from the elsctri-
cal point~of-view to say that the mechanical gysten is actusted by &
. magnetlic bar whleh can be eseen 1in drawing no, 25, Thie bar 1s capable
of translating back end forth along the line of 1ts main exie a short
distence. Motion of thls bar to elther of 1te two extreme¢ positions
will result in a printing. The means of initiating the printing opera-
tion are three in number: {1) a push-button lebeled "punch" on the printer
control box, (2) a push-button on the end of & cord attached to the out-
puc end of the gear bed, and {3) a set of avitching devices mounted on -
the gear bed, each of which 1s caused to close & circult every. time &
shaft revolves anice. This enmbles one to print autématically at def-
inite intervals of the variable associated with the particuler shaft to
which the switching mechaniem 18 attached, ' These devices are all con-
nected -in perallel, For eimplifioation they are ‘all represented ag 5
in drewing no. 25. When S ¢loses, the magnetic bar must be mafle to move
from ohe extreme to the other in order to operate the. prirdmer,

~ Colls Ll and L, are assoclated with the two groups of contacts Cl

Co,. Cq &nd Gy, Cg, Cg, respectively. When coils L, end Ly are de-ener-
glzed, these con acte remein a8 phown In drawing no 25. Colls L and
L), are the solenolds which move the magnetic bar back and forth, ~One
side of each of these coile is connected to the lower imput line, The.
other leads from these colls are connected, respectively, to Cy and C5
open oides, :

With all contacte as shown, Including S, 1t may be seen that
nething will happen in thée circult when power 1s applied,

When S is closed, with contact C. closed, L, becomes energized.
This brings down contacts C;; C, and C Since C, 1s down, coll Lh 1s
energlzed and the bar moves to %he rigﬁt. is now broken, and C, is
is closed. But the bresking of C. does not zut off Ll because thé con-
.tact Cyis down., In addition, the'contact Cy, 1in moving down, keeps coll
Lofrom being energized. (Notice that Lo would have been energlzed other-

wise, with the making of contact Cg .) Thus, a stable situation occurs
while 5 is down, with L, and. L), en rgized and the magnetic bar moved to

the right.

- When the mwitch S openﬁ, and Ly are de—energized. As Boon 88
this heppens, contacts €y n& C qo. up and the pystem 1s again dead.

Deceuse Cg and C are now cloeed the next closing of S will sner-
gize I, Contacts 0y, Cy and Cg will move downs The making of Cg now -
¢leses the circuit %o L This meves the magnetic bar to the left, open-

3
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ing contact C, and closing C But the opening of" ¢, does not cut off

L2 because thé contact C iaTdo - In addition, the contact €, moving:

d6wn, keeps L. from being anergized (Notice that L, would have been

energlzed, otkerwiae, with the closing of C..) ‘Thus, a stable situation
© again occurs while S is down, with Ly and L3 enoergized and the magnetilc
bar to the left,

" When S opens the system will become dead and will e in its ori-

ginal condition, .

- The foregoing ﬁeﬂcription leads to the conclusion that,- should

either L, or I, ever fall to bring the bar far enough .over to agtuate
one of the micro-switches C- or 08, the,sysﬁem'would not be able to print

agalin without scme form of intervention. Because of this, 2 "reset"

. button 1s provided. The "reset"” operation is performed only when the

printer will not punch without it. The method is to press simulteneously

on the "punch" end "reset" buttons. The'"reset” tmtton closes the cir-
cult across C, end thus allows L, and L) to be energlzed.

- Thus, tge making and breaking of é will move the magnetic bar al-
ternately to the left and to the right each time. This arrengement will
operate effectively for the push-button-type actuating devices. However,
because of the "chattering" tendency of the actuating contacts which are
closed by rotating shafts, a "one-shot" circuit is provided.. Drawing no.
27 shows the circuit in use. The switch 5 is the pair of contacts on the
cutput relay. The actuating devices. all in parallel, are now placed
across the "plus-minus" leads at the input to the clreuit, ‘

6The physical lay-out of the printer cirouit 1H shown in drawing
no, 2 .
' Refer to drawing no, 27 during the following discuasion of the one~/
shot circuit.

The 5Y3 is a full-wave raotifier tube which suppl.ies the plate
voltages of all three stages in this devlce. The output is smoothe& by a-
choke and condenser.

When power is applied by c¢losing switch SW, (pulse iine assumed
~open) the circuit will reach = steady-state condition, and will remain

in this condition until the pulse line 1s closed. . Stage P, of the GENT -
will be ¢onducting, with its grids somewhat lese than 4.5 vths above cut-
off. Stage P, will not be conducting because of the grid bias applied :to
it acrose Ry. The ecurrent through Ry 1s supplied through R;. cOndenser

Cy is charged to B+ and the plate of the 631P1 is mlso at Bk~ The con-

trol grid of the 631P1 1s at cathode potential: hende the 631Pl does not

fire. Also, O, is charged to the full B+ value.

When theepulae line closes through an actuating eircuit, a negative
voltage, sufficient to drive the grid of the Pl 6SNT stage to cut-off, is
- provided. The RC cirouit CqRy will hold this applied voltage on the grid
for a period long enough to olitlast contact chattering in the pulse line..
The cessation of current in the Pl stage causss the potential of the plate

to became more posltive (namely, to.go to the B4+ value). This increase

" in potential, applied across the circuit Cihy, sende a charge through Ry

which drives.thegrid of the P, stage temporarily to a value above cut-off,

The plate of the F, stage wilf then become more negativey rhat ls, it will
decrease frcm B tS & lower value, determined by the grid eignal. The
condenser Co, being initlally charged to Bi, must.discharge through RE:

énd the Pp stage and Rg until its potentlal is that of the plate. The

resultant surge drives the grid of the 631P1 temporarily negative., This
grid pulse fires the tube. Condenser C, which was charged to Bdy. then
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discharges through the tube end temporarily -lower# one side of the
coll Cp, to near ground potential, The current aurge through L closes -
the output contacts.. The 631P1 1s quickly extinguished by the dls-
appearance of the plate potential through the drop in ET’ and by the
dleappearance of ite grid pulse. ‘

Section Seven: Safety Devices

~ Over-all D,C. current limitation is provided by two 60 smp
. fuzes in the wall switch above the Balancer Control Cabipet., .The
‘three load circults which are fed from the D.C., source are fuzed sep- .
arately, The circuit fed through terminals 1, 2 and 3 in the 16-ter-
minal block in the Balancer Control Cabinet 19 fuzed at 5 emps for
the lights on each sBide of the machine, These fuzes are located In
the upper part of the cabinet near the light control relays. The
load circult comnected to terminala 14, 15 and 16 18 fuzed at 60 amps
in the terminal box of the balancer set. The clutch and printer cir-
cuit, which 1s fed directly from this box, 1s also fuzed there at 5
amps. The integrator and teble Junction boxes are equipped with in-
. dividual D.C. fuzes at 30 ampa, These are in the feeder clrcult con-
nected to terminals 14, 15 and 16, and are located in the Junction
boxes of the various integrators and tables.

Over-all A.C. current limitation is provided by & 30 amp fuze
in the A,C. wall switch, The Independent Veriable Control Panel,
which receives A,C. power from terminals 9 and 10 in the Balancer
Control Cabinet, is fuzed at 1its isolating knife switch {in the lower
part of the Cantrol Panel) for 5 empe., The burning of this fuze re-
moves A,C. power from the driving motor of the motor-generator set,
from the indicating lighta and from the relay panel, Rach amplifier
18 also separately fuzed for A.C,; elther by a 6 amp fuze, if con=
nected to an integrator, or by a 5 amp fuze, if connected to a table.
These individual A,C. fuzea are also looated in the Junction boxes of-
the varioue integrators and tables.

Other than fuzing there are three safety devices bullt into the
Differential Analywer circuits, The emplidyne trouble circuilt is a
system which detects over-heating of the amplidyne motor-generator
set, and indicates this condition by ringing a bell in the Balander
Control Cabinet. The time-delay releys in the integrator.and table
Junction boxes also constitute a gafety feature. An explanation of
their function appears in Section Four of this Part. Finally, the:
integratcr and table 1imit switehes constitute a safety feature in that
they prevent the accldental running of integrand ‘leed screws and table
acrews beyond the physical iimits of operation.
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PART THREE: PROCEDURES TO BE FOLLOWED BY THE OPERATORS

While it is not esgential that operators of the Differential

. hnalyzer be familiar with all of the detalls of the .electrical sys-
tem, it 1s nevertheless Important that. they understand certaln gen-
eral relationships, These relationships may be understood by mak-
ing reference to drawing no. 28, Here, the major units in which an
operator ‘is interested are assembled according t¢o the manner in
which they are controlled.

Secticn One. Operatidn
Having oance established the gear and shaft traing appropriate

for a run, the operator is ready to start the mechine, In order to do
-this, a number of eteps must be taken, in the follow1ng order: (refer
to drawing no, 28)
o {1) Assuming that the hand-operated whll switehes Whinh bring
A.C, and D,0. power into the machine are cloged, the operator first
"checks the machine to see that all "A.C." and "D. C." switches to
individual integrators and tables have been turned off. R

' (2) The: opprator. then.pushes Yhe Msloxt™ buttor on the dobr of the
Balancer Control Cabinet. This will close the Balancer starter in
this cabinet, and cause the balancer set In the bottom of the Ampli-
dyne Cabinet to begin rotating. The voltages produced by ths bal-
ancer set should be checked at this point. Voltmeters giving these
voltages are to be found In the door of the Balancer Control Cabinet.
These voltmeters should each read 110V, If they vary from this read-
ing, an elsctriclan should be summonéed to correct the conditidm, - In-
- mediately after the "start" button 1g pushed, the clutches at each
integrator position will also have received power, and are reedy to
operate when needed. The printer i1s ready to use at the same time,

_ (3) Next, any "start" button on the mechine mey be pushed, This
-should cause the A.C, and D,.C. starters in the Balancer Control Cab-
inet both to close, All lights on the integrators and tables will
light up. The smount of current reaching the lights should now be
checked. Meters glving these readings are found on the door of the

. Baancer Comtrol Cabinet, The upper ammeter reads the current which
flows through the lights on the integrator side. It should read 2.2
amps, | If the reading 1s off slightly, it mey be sdjusted to read
exeouly 2,2 amps. by turning elther of the two upper black rheostat
kricbs on the door. The lower meter glves the corresponding current
on the table side, It should also read 2.2 amps., AdJustments in
this meter reading are made by the lower black rheostat knob, If
elther of these meters should read well away from 2,2 amps,, an
electrician should be consulted. In addition to the lights golag on,
the motor-generator set in fraont of the Independemt Variable Control
Panel will begin rotating, Immediately after this the independent
variztle drive motor mey be started.

- (M) The "A.C." switch at any integrator or table needed in the
operation to be performed can now be turned on. ' Soon after this is
done, the emmetere.on the ampllfier associated with that switch
sheuill deflect. In general, they will not be found to read alike.

In ordor to get them to do so, the Integrating wheel of the associa-
ted integretor {or thé follower-head of the associated table) must
be adjusted. In general the amplifiers should balance at about 5
milliamperes, Once this edjustinent is mede, the "D.C." switch for
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that particula.r :lntegrator or table can be tumed on4
: (5) In general, when the "D.C." switch for a ‘given integrator or
table 18 turned on, & slight initial movement of the servo-motor may
result; but this should cease almost-at the instent it begins, with the
result that the servo-motor is motionless. A gheck on the functioning
of an integrator can now bé made by glving the integrating wheel a :
slight twist. If the servo-motor follows along with this motion, with
no apparent sluggishness or tendency to "hunt", then it may safely be
assuned that the integrator is ready to begin & run. A check on & table
18 provided by detemmining whether or not the servo-head focuses ap-
proximtely half on the white, end half on the groove in the template
which separates the black from the white, when the D.C. has 'been tumed
on, ahd the table has reached a balenced state.
(6) After all of the integrators and tables to be uged on the run
have been turned on in the msnner given above, the run may be commenced .

The .above steps constitute the starting operation. To stop the

‘ machine temporarily, only the 1ndepandent varisble motor needs to be
"stopped, ' To #top the machine for a longer perioc’l. such as overnight
the above steps are repeated in reverse.

Tt 1s essential that the sequence given here be followed ‘ox~
actly by the operstor, as serious consequences might otherwise result, -
It is emphesized that the "D, G." switch at an integymtor or table is
never turned on until after its"A.C." has been turned on, end the an-
meter readings on the amplifier have been 'bala.nced. .

Section Twoi: Repair

The omly repair operation which en operator should perform on the
Differentidl Analyzer le the replacement of burned-out lights, If any
light on the maochine burns out in the gourse of operation, all of the
power an the machine will go off, except for the elutches and priater.
Yhen this heppens the following steps mey be taken by the operator:

(1) Twrn off =1l "p.C," and "A, C." switches at intagrators and
tables which wers on,

(2) Press a "start" button on the machine and hold it down, With'
the "start" button held down, ascertain whether the lights on either side
of the machine are on., If neither side lights up, call in ai electrician,

(3) If the table side lights up, then the burned-out buld is on
the :I.ntegra.tor side, and pan be found by investigating each of the bulbs
on that slde visually. Simply replace the burned-out bulb and start the
machine in the manner glven above,

(4) Tf the integrator side lights up, then the bume(l-out buldb is
on the table side, Since it 1s somewhat difficult to check each table
. bulb visually, a meter check is suggested. The meter used 18 ususlly a
Simpson meter, {Any ohmeter with & bdullt-in battery supply will do as ‘
well,) Remove the cable leads from each of the servo-heads on the tables, -
A plug which hag six prongs in it 1s now visible, Touch the leads of the
meter across the palr of prongs on the plug which are slightly separated
from the other two pailrs, There should be a low resistance detween them.
If the light mt the table is burned out, "infinite resistance” will be
. indicated. When this check 1s performed meke gertain that all power,
except for the clutches and printer, ie off thé mechine,  When the burned . -
out bulb 18 found, eimply remove the side of the head which faces the
lower side of tle template, remove the bulb and replace it., Care must be
teken not to short the locking sleeve arownd the light socket to the
freme of the light box. :
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PART FOUR: TROUBLE-SHOOTING ON AMPLIFIERS

~ Amplifier difficulty is usumlly menifested by the tendency of the
sarvo-motor to "mm away", or "hunt", when power is applied. In addition
to these conditlons a temporary unhalanoe may result from & transient
dimming of liglhits, as when a "D.C." ewitch 1s tuimed on., The following
method of adJuatmant should eliminate any of the sbove conditions which

" . may exlst,

Assume that one of the lervo-mechaniams on the integrator side
glves an indication of faulty operation,

: First, sll "D.C." and "A.C." switches on the machine are turned
off, A "start -stop" button 18 then pushed to "stop”, thereby dmpping
out the A.C. end D.C. starters and putting out the lighte.

. Two short Jumper leads are then used to connect opposite sides of
‘contacts in the light control relays, These are to be found in the up-.
pexr portion of the Balancer Control Cabinet. After this hes been done,
it will be possible for the A.C. and D,C. starters to remain picked up
regariless of whether or not the light eircuita are completed

A "start" button is now pushed, and the "A.C." awltch of the ap-
propriate integrator servo is turned on,

While the amplifier i& warming up, &n electronic voltmeter ls |
placed near the unit, plugged into one of “the outlet plugs available,
and grownded froam the "ecomon? hub to the frame of the emplifier, The
switches on the voltmeter are set for the 1000V D.C. scale, with posi-
tive polarity.

. | The plate voltage of the 65J7 tube i8 the first to.be' checked.‘
The hub for this check is the one neareet to the end of the smplifier
 where the cables are attached. :

Before this reading 1s taken, & plug 1s removed from cne of the
adjacent servo-followers, not fram the follower being tested. The read-
Ing of the 6SJ7 plate voltage should now be found to 1ie in the neigh-
 borbood of 300 V. It is adjusted to that exact value by twrning the .
black knob on the side of the follower. This knob varies the tap on the
oathode bias resistor; which is connected through & 10 megokm resistor
to the grid of the tube.

The plug is reinserted after thé Iuwgmzvadjuatment has been made,
The plate swlng 1s then checked by rotating the integrating wheel com-
pletely around. This swing should vary to approximately 30 V on each
side of 300 V. Since this swing ls a function of the photo-tube supply
and of the relative sensitivity of the photo-tubes, 1t may not be pos~
sible to achleve this conditian very accurately. If not, theb the photo-
tubes should be replaced by a pair which have the .seame order of gensi-
tivity, If a well-matched pair of photo-tubes does not produce the
swing desired, ‘then the amplifier may need a new photo-tube eupply.-
This ‘18 the 5W4 rectifier tube.

‘It should be emphesized that, until the proper ewling has been ob~-
tained on the 6SJ7 plate, the adjuetment of any of the following stages
is of no practical use. Also, it is not desireble to adjust the plate
swing by means of the rheostat lmob slready referred to., The pogition .
of this knob ls determined by the method outlined for mo light flux, and
must not be changed during the check on the plate ewing, If it is
varied at any time, the amplifier may operate satisfactorily under gteady-
state light conditions, but will beccme unbalanced Iff the lights are
dimmed even momentarily, :
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When the proper swing is obtained the integrating vheel is rotated
until the voltmeter read the median value, which is 300 V. If the plug
of the adjecent integrator 1s again removed, the plate voltage should not
change, even though the,lights are now off, This check indicates whetherj

or not the preceding stepe have been correctly carried out.

The next step in the procedurs involves testing the grid swings on
the two 6L6 stegea. The hubs for theae teste are located at the meter
end of the emplifier. The means for varying the swinge on these grids

. are the two outside black bakelite lmoby on the front of the amplifier,

The center knob adjusts the £J5 inverter tube grid bias, and affords an
extra meens for variation.
It 1s now neceasary to cause ‘ench of the 616 grids to vary between

-k and -30 volts, The three knobs on the front of the amplifier ere the

only means for mak these adjustments. If the proper swing cannot be
obtained for both 6L6%s, the more probable causes of the difficulty are

. {a) & bad 879 rectifier tube, which is the source of the negative grid

circuit supplies, (b) bad EL6's or &JS, (¢) week W4 supply to the &J5

- plete, and (@) chenges in the electrical properties of the. wire-yound

realstors,
Agpin, 1t 1s emphesized that no other knobs. than the three which
are on the front of the amplifier should be chaenged during this stage in

"~ the adJustment procedure. After the proper swing has been produced on

each EL6 grid, the output emmeters ghould be watched es to swing, If
the 6L6 tube characteristice are sufficiently alike, the swings showld
be approximately equal, though out-of-phase with each other due to the
inverter amcticn.

In addition to tha output current swings, the following check 1s

‘mede on the 6L6 stages: test the voltage on the plate of the €8J7, and

adjust to 300 V by turtiing the integrating wheel, This should cause the

output emmeters to read equal valuss in the range of 5 to 10 milliamperea.
If they very only slightly fram equality, they may be adjusted to equality
by using the three Mmobe on the fiont of the amplifier., If an wider varia-

“tion is found, then some adJustment among the foregolng was improper, and

the whole procedure should be repeated,

The final adjustment of the amplifier 'is in the anti-bunt circuit.
As previously explained, this circuit is necessary to incresse the nat-
ural demping factor of the mechanical load conmected to the output motor.

A double—POle~double throw switch on the front of the amplifiler, which

1s a condenser aeleotor, end & screw-heoaded rheostat adjustment, also
on the front of the smplifler, afford the means for supplying the proper

.amount of damping, The amplifier is adjusted to balanced output, and

the D.C, turned on, The condenser and rheostat adJustments which best
elimlinate hunting on the one hand end loose coupling on the other hand
are found by trial-and-error procedure, The circult has been 8o con-
structed that the condenser selector switch should be to the right if
the ‘amplifier is connected to an integrator and.to the left 1f connected-
to a table,

The procedure for adjusting the tables is elmost identical to that

. for adJusting the integrators, The first step, as expleined, 1s to ad-

Just the knob on the servo-head so that, with the lights off, the platé
of the 68J7 reads 300 V. In the following step, while the plate swing 1s
being tested with the lighta on, there 18 an added paremeter in the
syotem which "matches" the photo-tubes., This is a slider which restricts
the emowmnt of light whieh reaches the "fixed" photo-tube, This slider ia
moved by means of a sorew in the slde of the pervo~head so that the plate
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swing falls within the preseribed range. {(nce thils has been done, the
remeining atepe cen be performed exactly ae previocusly described,

- If, after a table emplifier has been balanced, the servor motor
is found. to run away consistently upon the app.lica’cion of an error,
check the effect of the reversing switch on 1ts terminal box., This
swltch reverses the field of the servo-motor, snd its position ls e
fuhotion of the relative locations of black and white areas on the
templa.te.
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Photograph No. 8
Amplidyne and Falancer Control Cabinets
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Photograph No. 9
Inside View of Balancer Control Cabinet
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