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SUMMARY.

The problem and solution described in this report
is that of designing and building a suitable electric drive
for the propeller which drives the air in the wind tunnel
cf the Guggenheim Aeronautics Laboratory. Specifications
were written for a svitable direct current motor and &
motor-generator set for furnishing the direct current, and
a complete control system was designed and installed. The
contrcl system is arranged so that a minimum number of
cperations is required to start and stop tl.e equipment and
to adjust the speed of the propeller. 211 intermediate pro-
cesses are automatically controlled and the eculpnment is

interlocked so that operations can not occur out of proper

sequence. Adequate urotective features prevent serious injury

to the equipment, even though the eguipment is neither visie

ble nor audiblie from the point of control. Two types of gpeed

control are provided, one known as asnd control and the other

a8 regulated centrol, When under regulated control the speed

of the propeller is regulated to a constant velue with & high

degree of preecision for equipment of this size, and the value

of the regulated spesd can be adjusted at the will of the op-
erator over a wide range. Speed control of Loth kinds may be
obtained at conveniently located stations by operaticn of a

transfer switch,



DESIGHN AND DEVELOPMENT OF
A PRECISION SPEFD CONTROL F'ECTRIC DRIVE
FOR THE GUGGENHEIM AERONAUTICS *IND TURKEL.

I. INTRODIICTION. Ttnder the terms of 2 grant from
the Baniel Gugzenneim Fund for the Promction of Aeronautics,
a department of aeronautics was recently established at the
Institute. One of the principal features of the laboratory
built for the purpose of carrying on the experimental work
in this department was a high speed wind tunnel with a worke
ing section ten feet in diameter. The problem and sclution
described in this report is that of designing and building
a suitable electric drive fotr the propeller in this wind
tunnel.

Before proceeding to a discussion of the drive, a
general description of the tunnel itself and its use would
be desirable. Thne tunnel is of the Gottingen closed-circuit
type, the air being continuously recirculated. A cross sece
tion of the tunnel is shown in Fig. 1. As can be seen from
the notations in the figure, the tunnel occupies the height
of nearly four floors, the overall vertical dimension being
about 45 feet, and has a length of nearly 100 feet. The
greatest internal diameter is 20 feet.

The tunnel is composed of sections of circular cyl-
inders and cones, connected end to end to form the closed
circuit shown in the figure. The four sections in the obser-
vation room are made of redwood staves held together by hoops

of steel rod and angleiron on the outside. The remainder of
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the tunnel is mande of reinforced concrete, the supporting
structure and parts of the end cylindrical sections being cast
in the usual manner, and the remainder formed by the "gunnite®
spraying process. In order to minimize the transmission of
vibraticn the entire tunnel structure is supported free of

the building. The mouth of the right-hand upper concrete
section before the installation of the wood sections is

shown in Fig. 2.

A series of deflecting vanes is mounted in each of
the elliptical sectioms, formed by the intersection of &
horizontal and a vertical section, in order to change the
direction of the wind with minimum energy loss. These vanes
have the standard Gottingen vane profile, the sets in the
upper left znd two lower corners having a chord of 3 feet
and the remaining set a chord of 2 feet with 6 inch tails.
Fig. 3 shcows the vanes in the lower right hand corner after
the installation was completed. Three of the vanesg may also
be seen, before installation, in the left foreground of
Fig. 2.

The propeller which drives the air throush the
tunnel is composed of four detachable blades, each of Clark
Y section, mounte. in a central cast hub., The diameter of
the propeller is 14 feet 11 inches and of the tunnel at the
section where the propeller is located approximetely 15 feet,
so that clearance between propeller and tunnel wall is very
small. Two methods of mounting the propeller motor were
possible, one to mount the motor inside the tunnel and cone

nect it directly to the propeller, and the other to mount the
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motor outside, conunecting it to the propeller by means of

a long shaft. After consideration of all features the former
method was chosen. This method eliminated the difficulties
that would be introduced by the numerous bearings and the
stuffing box recquired for the long shaft, and the problem

of supporting the propeller became that of supporting the
motor itself, Also the obstruction intréduced by the motor
was not serious, since aerodynamical considerations required
that the wind stream be contragted just back of the propel=-
ler.

In the operation of the tunnel the model to be tested
is mounted, usually inverted, in the upper or working section
of the tunnel, and supported, by means of wires attached at
three peints, from a sub-frame above the tunnel, as shown
in Fig. 1., A series of counterweights assists in holding the
model in position. The sub-frame is supported b: means of
the balance wires from three balances, located in the balance
room located on the third floor of the building. A series of
trap doors is sc arranged that the balance wires ray be led
through the floor with a minimum of difficulty.

Two observation windows, one on each side of the
tunnel, are provided so that the action of the model may be
nioted. In case it is desired, however, one or more of the
wooden sections may be removed, and the tunnel operated
with "open threoat®., In this case the tunnel circuit is closed
by the ocobgervation room itself, and to minimize the distur-
bance so caused, 2ll unnecessary projections in the observae-
tion room floor, walls, doors and ceiling have been eliminae

ted. One of the prinecipal advantages of the closed-circuit
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tunnel is that the working section and hence the observastion
room may be operated at atmospheric pressure,

Then the propelier is started, a stream of wind is
driven past the model in the direction shown by the arrow
in Fig. 1. The nozzle-like contraction in the tunnel just
bvefore the working section and model are reached causes the
wind stream to be quite straight and uniform and to reach
its maximum velocity as it passes the model. The reactions
of the model due to its relative motion with respect to the
air are reflected in a drag, or force downstream, and a 1ift
or upward force. Sinece the model is mounted inverted, this
upward force with respect to the model is downward with re-
spect to the balances. The two forces cause changes in the
tensions in the balance wires and can be irmediately detec-
ted by the change in balance readings for equilibrium. Small
motors driving cable drums attached to the supporting wires
nake possible easy and convenient adjustment of the position
of tie model in the tunnel,

For all accurate testing, the performance will be
determined entirely from balance readings, and therefore
the operator must be stationed near the balances on the third
floor of the building. In order that tests may be made con-
veniently and rapidly, it is essential that the operator have
complete control over the velocity of the wind and therefore
over the speed of the propellor. Since many variasble factors,
such as position of the model, temperature and pressure of the

air, wind velocity, etc. are present, engineering accuracy
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requires that the variations in each of these quantitites
be restricted to as small a value as possible, Even with
absclutely constant propellor specd, slight variations in
air velocity are unaveidable, and in order to keep these
variations minute, it is importantAto have the propellor
speed as precise a8 poussible. At the smame time, in order
to cobtain complete series of tests, it is necessary that
the propeller speed, at the will of the operator, be varied
over & wide range, from practically zero up to full speed,
and yet after the sgpeed has once been set, it must be
maintained with a high accuracy over a cucnsiderable period

of time.
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II. DESCRIPTIOE OF MAIN FEIECTRICAL APPARATUS.

Trom data furnished by the Aeronautics Depart-
ment it was determined that the output of the propeller
motor must have a value of at least 500 H.,P, at 700 r.p.m.
At the same time, in order not to restrict the flow of air
past the motor, the overall diameter had to be less than
6 feet., The wide speed range desired indicated that a
direct current drive would be essential,

Preliminary investigation showed that the stan-
dard direct ecurrent motor of this size would be mounted
on a bed-plate and would be furnished with pedestal bear-
ings supported from the bec-plate., It was also found that
an enclosing sheil within the maximum diameter of 6 feet
would be difficult, if not impossible, to obtain with the
standard motor design. Special designs with bearings
mounted in end brackets supported directly from the motor
frame, developed for submarine and‘other transportation
purposes, solve. the problem, and specifications were
written to call for this type of motor. Notwithstanding the
fact that a 40 per cent overload rating for a one-half
hour period, and an ambient temperature of 45 degrees C.
were specified, the motor purchased has an overall diame
eter of only 4 feet & inches.

In crder to locate the motor at the center-line
of the tunnel without reducing the effective tunnel cross-
section, a fabricated-steel supporting structure for the

motor was necessary. It was found that a smaller overall
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diameter for the motor and framewvork would result if the
motor feet were eliminated and the framework made to fit the
cylindrical motor frame. Therefore & structure was designed
which terminated in a semi-circular steel-plisate cradle hav-
ing the same internal diameter as the external diameter of
the motor. This was supported by four steel legs extending
out through the tunmel wall into a heavy concrete foundation.
Vibraticn of the propeller motor and of the'pilot cenerator,
& small generator supported from the motor and described
below, was expected to be & serious source of inaccuracy
in the regulated speed. Hence it was necessary to make the
motor supporting-framework so rigid that its natural fre-
quency of vibration would be far beyvond any introduced by
the fundamental frequency cof the propeller, although the
sections required for this purpose were much larger than
any recuired for strength alone., The cradle was mede of
2 inch rolled steel plate and the legs of 10 inch, 136.5
1b. per foot H column-gection. The connections of the legs
to the eradle were heavily reinforced and riveted in place.
A view of the framework during asserbly is shown in Fig. 4.
The two rear U-shaped troughs in the rear H-column legs
were covered by steel plates, as shown, and were used for
wiring gutters to convey the connections to the motor
terminals. The details of this are shown clearly in Figs.
6 and 7.

The concrete foundation was made very heavy in

order to absorb as much vibration 28 possible and was
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heavily reinforced. It was also entirely isolated from the
tunnel and the remainder of the builing and completely
poured with the exception of four pockets for the legs of
the framework before the framework was installed. Founting
bolts, for supporting and adjusting the framework, and heavy
reinforcing babks around the leg pockets were cast into the
foundaticn. The framework was then assewmbled, the motor
wounted in the framework, the two aligned as a unit, and
then the leg pockets were filled with concrete, uniting the
entire structure into a rigid and continuous whole. Cored
ducts in the foundation continued the wiring gutters to
accesible locations,

In order to permit this type of motor mounting,
it was necessary to countersink the heads of the bolts
helding the field poles into the motor frame, but wherever
possible openings were cut in the cradle to give access to
these bolts. The motor was secured to the cradle by cap
gerews, passing through openings in the cradle into holes
tapped in the motor frame.

The motor is of General Electric manufacture,
rated at 500 H.P. continuous, with an overload rating of
50 per cent for two hours, basec on 40 degree C. ambient
temperature, This is adequate to meet the specified require=-
ment of 40 per cent overload for one-half hour with a 45
degree ambient temperature, mentioned above, The normsl
voltage, current and speed ratings are: 230 volts, 1760
amperes, 700 r.p.m. The speed, however, is variable over a

wide range, from 30 to over 800 r.p.m., with correspond-
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ing changes in input, the method of speed control being
described below. A view of the motor before it was lowered
into place is snown in the right foreground of Fig. 2, and
a closer view, with the propeller hub casting in place, is
shown in Fig. 5. It may be ncted from the latter figure
that the motor is of the interpole type and has six main
field poles, The main field is exeited from a 125 volt I.C.
source, described later. The net weight of the motor is
approximately 15,000 lbs.

One serious problem, introduced by mounting the
motor inside the tunnel, is that of securing adequate
ventilation and cocling. The entire output of the propeller
is eventually converted into heat, by friction of the air,
and since the air is recirculated, this heat together with
the losses in the motor will be tazken up by the air and
walls of the tunnel, As data for deterrining the heat
transfer from the air to the tunnel walls was meagre and
inaccurate, it was impossible to predict the temperature to
which the air would rise or the time for ecuilibrium, If
the air temperature remained within reasonsble limits, it
would be an casy matter to deflect part of the tunnel air
through the motor, cooling it directly. On the other hand,
if the air temperature should exceed approximately B0
degrees C,, a forced draft of air from outside the motor
would be required for cooling., Because of the absence of
definite figures, the expense of external cooling, and the

difficulty of carrying on work in the observation rcom with
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the temperature of the air in the tunnel exceeding 50 degrees
C..’especially during open throat work, the decisicn was
reached to use the air in the tunnel for motor ventilatiocon.
In order to cocl the tunnel itself as much as possible,
provision was made for o good natural draft circulation of
air about the tumnel, air from the outside of the building
being fed in at the bottom, rising as it was heated and be~
ing exnausted through vents in the roof of the building. As
a further precaution, the deflectins vanes in the two left=-
nand corners of the tunnel, Fig, 1, were arranged for water
cooling. A mean of several estimates placed the average air
temperature at 45 degrees C., and the specifications called
for the motor to deliver its specified output at this am-
bient temperature., Experience has indicated that ecuilibrium
temperature will considerably exéeed 50 degrees C., although
this value is not reached until after several hours of cper=
ation at high gpeed. As a consequence it has been decided
not to complete the water c¢ooling insitsllation, for the
present at least, and to allow the tunnel to runm until exe
cessive alr temperature is reached, at which time the tun-
nel will be shut down, the air changed and the motor cooled
by circulation of the new air,.

In order to keep the’friction loss, caused by the
air passing the motor, & minimum, it was necessary to en-
close the motor and its support in a streamline fairing (#),
bread nosed at the propeller end and tapefing-off tc a point

(#) Fairing is an acronautical term indicating a

streamline covering.
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at the tail. To allow ventilating air from the tunnel to
pass through the motor, an opening was left in the nose and
louvres were provided in the sides. As it was desirable to
maintain the pilot generator, attached to the motor shaft,
at as constant a temperature as possible, arrangements were
made to ventilate it separately, by placing a baffle between
it and the propeller motor. The alr entering through ths
nose is deflectec out through louvres aliead c¢f the bafflie,
and fresh air dravn in through louvres behind the baffle
ccols the pilet generater and passes out throush the tail.
The two sets of louvres are staggered around the periphery
to avold passing the same air throush the two circuits.,
The fairing is made up of a”skeleton framework attached direct-
i1y to the motor and iis support, covered with steel plates

screved in place. The section covering the propeller hub
revolves with the propellier, but the remainder is stationary.
A wview of the framework showing *he assembly is given in
Fig. 6. Another view looking toward the tz2il is shown in
Fige 7o In the former figure the baffle is hidden by its
supporting angles, but it is pleinly visible in the latter
view. To obtain access to any part of the motor it is neces-
sary to remove the adjacent plates. An ingeneous assembly
of the skeleton frame allows a large section of the fairing
to be removed as a unit in case of major repairs.

After the faitring of the motor itself had been

completed, the legs on each side of the shaft were enclosed

in additional fairings. Views of the completed installation
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are shown in Figs, 8 and 9, from the propeller and tail
ends respectively.

For furnishing the direct current necessary for
the propeller motor, a motore-generator set is required. A
general view of the set, after instsllation, is shown in
Fig. 10. To a large extent this equipment is standard and
requires no special comment, The direct current generator
is rated at 430 X¥W. continuous, with a 50 per cent over-
load for 2 hours, 230 volts, 1870 amperes. The synchronous
driving-motor is rated 540 KVA. 612 H,P, .9 P.F,, contin-
ucus, with of course & 50 per cent overload rating, 2300
.volts, 136 amperes, 3 phase, 50 cycle, 1000 re.p.m.

In order to cpcyral. srtisfactorily with the speed
controlling equipment, the D.C. generator is separately
excited by a 5 KW, 125 velt D.C. exciter, direct-connected
to the generator.‘This exciter and the overspeed device are
shown in the foreground of the figure. In order to make
possible future automatic power-factor control of the
synchronous motor, in case it should be desired, to simpli-
fy the starting sequence, and to eliminate the losses of the
synchronous motor field rheostat, an individual exciter is
provided for the synchronous motor, This is direct-connected
and mounted on the opposite end of the set. Variations in
synchronous motor field current are made by adjusting the
exciter field rheostat. This exciter has a rating of 4 KV.

at 125 volts.
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Ventilation for this set is furnished by natural
draft, air from outside the building being furnished under
the base of the set, driven through the machines and dise
charzed into the room. Part of this air is exhausted into
ducts leading direct to the rcof and the remainder is passed
into the space around the tunnel, helping to cool the tunnel
as deséribed above. The pit under the machine for the venti-
lating air forms an admirable chamber for connectiong, as it
permits all main leads to be taken out at the bottom and
run into conduits extending into the pit. The foundation for
this set is alsc isolated from the building and all conduits
which pass through the wglls of the pit are insulated so that
ne vibration is transmitted through them.

As the equipment is to date the largest source of
direct current on the campus, it was considered desirable
to make some provision for utilizing it in other types of
work, and double throw switches, as described below, have
been provided for transferring connections easily from the
tunnel to another experimental set-up. As the type of exper-
irents anticipated will probably require a current of large
magnitude at relatively low vnltage, it was deemed advisable
to keep the generator voltage at 230 volts, thus making
av:.ilable 2 current of nesrly 2000 amperes continuous at
any voltage up to 230 volts. To provide for stabde operation
at low voltage the generator is provided with a2 differential

series field,
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171, ¥ETHOD CF COCHNTROL,

As previously indicatec it is essential for the
operator in the balance room on tune third floor to have
complete control of the propeller speed. For the remaining
control functions, namely, starting and putting the motore
generator set on the line and starting the propeller motor,
two alternatives were possible, One was to have direct con-
trol of the necessary switching devices in thelir desirable
locations near the machines, and the other was to employ
remcte control, locating the control station at a point
most convenient for the operator and locating the switching
. devices near the machines controlled. Any cother possibility,
such as locating the r2in ~=itching devices at a point
convenient for the operator and running the mainleads there ,
was economically out of the question because of the large
conductors requirec for the D, C, leads and the high voltage
of the A, C, leads. Of the two poessible arrangements, remote
control was obviously the best from the operator's standpoint,
although probably more expensive. On the other hand, concen-
trsted direct control was not easy to obtain, since the large
size cables necessary for the D, C. leads would recuire the
control station to be located quite close to the motor-zener-
ator set and the propeller motor. Any such location was found
to be unfavorable with respect to the alternating current
switcning apparatus, making remote control of some sort,
either mechanical cr electrical, almost a necessity for the

alternating current switching ecquipment. BEvery lccation
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desirable from an electrical point of view would have to
be either at the basement or sub-basement levels, four or
five floors from the normal location of the operator, and
therefore very undesirable from an operating viewpcint. &lso
because the men operating the equipment would be non-elec-
trical men, the protective interlocks and simplifications
in operation possible with remote control were very desir-
able, An estimate of the cost under the two schemes showed
that remote contrel was very little more expensive than
direct control because of tiie more economical arrangcment
of main switching equipment possible. It was theréZ?ore
decided to locate the control station near the operator
on the third floor and employ remote control. Fecause of
the great distance from that point to the apparatus, mechan-
ical control was impossible and electrical control was
therefore adopted.

with the selection of remote eontrol some source
of control power was necessary. In general, direct current
is preferable to alternating current because of less ex-
pensive operating devices, smaller current recuirements
and greater reliability, but” in this case alternating cure
rent was the easiest to obtain. A storage battery was out
of the question because of the enormous expense it would
entail and the undesirability of the extra equiprment re-
quire: for charging.

However, no source of direct current for supplying
the field of the propeller motor had yet been provided.

Further it was undesirable or impogsible to supply this




field from the main D.C. generator or either exciter. The
main generator could not be used because the wide speed
range of the motor reguired a voltage varying over too
wide limits. The exciter for the D.C. generator could not
be use. because of variable vcltage required of it in order
to work with the spee. regulator. It was undesirable to use
the synchronous motor exciter because such operation pree
cluded the applicetion of & pcwer-factor regulator and also
because it wculd prevent the use of the exciter rheostat
for synchronous motor field ccmtrol, thus entailing the use
of a nain rheocgtat in the synchronous motor field circuit.
It was therefore décide: to add an additional
small generator for supply..g the field of the propeller
motor and to use this machine for control and other mis-
cellanecus.power. The increase in size necessary to supply
control power was almost negligivle, since field for the
preopeller motor is not requirec until nearly all operations
requiring large amounts of control power have been corple-
ted. However, this generator could not be driven by the
main synchroncus motor because the former has to furnish
power for operating the starting devices for the latter,
A 9% ¥, 125 volt D.C. generator, driven by a 220 volt
3 phase induction motor, was therefore added tc the equip=-
ment. A standard sutomatic starter for this motor-generator,
using A.C. control power, made remote control of this
equipment simple. In order to start the equipment it is

necessary to first start the control motor-generator, thus




making available contrel power for all the other switching
operaticns.

The apparatus for performing the necessary switche
ing functions consists of oil circuit breakers and a field
contactor for the synehronous metor, a motor operated rhec-
stat for the synehronous motor exciter, air circuit breskers
for energizing the propeller motor field and armature circuits,
spee: regulating egquipment, together with miscellanecous cone
tactors and relays necessary to secure proper operation of
the above. In addition to the equipment just listed which
is all electrically operated, certain hand operated ecuip-
ment, such as knife switches, hand operated rheostats, etc.
is reguired, These are set in prearranged positions‘and are
not changea during normal operation. In purchasing it was
considered desirable to divide the apparatus into related
groups, obtasining separate quotations on each group. Thus
the A.C, switching eguipment, with necessary current and
voltage transformers, composec cne group, the D.,C. circuit
breakers and knife switches a second group, control and
instrument switches, push buttons, etc. 2 third group, meters,
instruments and relays a fourth group, etc.

This arrangement was justified when cuotations
showe@ that apprecisble savings couvld be obtained by pur-
chasing certain groups from one manufacturer and the others
from ancther, Quotations in these groups dictated that the
rotating rachinery andéd speed resulating equipment be General

Klectric, the remainder being nearly all Vestinghouse.




The general schere c¢f connections is shown diagrame
watically in Fiz. 11, the main leads being shown by the heavy
lines, and the field and main control leads by lighter lines.
The 2300 welt switching operation for the synchronous motor
is practically standard, requiring no comment here, as it is
explained completely later on when the switching sequence is
given in detail. It is therefore omitted from this diagram.
The main direct current connection may be followed trnrough
from the armature of the generator, starting with the upper
or positive lead, over and down through the circuit bresker,
172, throuvgh the lower throw of the right-hand main knife
switch, 189, the armature of the propeller motor, its come-
mutating field, the lcwer tirow of the center main knife
switch, 189, the differential series and commutating fields
and thus back to the negative terminal of the generatcer. The
field connections for the main generator may be traced from
the exciter to the right of the generator through the motore-
o: erated field rheostat, the generator field and back tc the
exciter., The field circuit for the propeller motor may be
followed from the positive control bus through the circuit
breaker, 141, the hand-operated rheostat, the field and back
te the negative control bus.

in operation, the speed of the propeller motor may
be adjusted by two means, namely, varying the ficld and vary-
ing the armature veoltage. The former is known as field con-
trol and the latter as the Varde-Leonard system. In this case

the entire operating adjustment is cbtainec by the Vard-leon-
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ard system; the adjustment of the field being used only to
obtain the best operating point for the particular gsetting

on the propeller, and once cobtained is not varisd. This method
is used because field control alcne is ingufficient to obtain
the required range and a combination cf the two, although
cuite pessible, renders the contrel much more complicated.

As sufficient range can be obizined with armature veltage
control zaleone, the additicnal complicatiociis are vnnecessary.
¥or certain kinds of work the precision speed control mentioned
above is unnecessary, and some simpler form of speed adjuste
ment is desfirable, Tith the system shown in the dizgram this
is easily obtained by control of the motor-operated rheostat
in the field circuit of the r2in senerator. In this discuse
sion this type of speed control will be called hand control,
and the operating circuit can be eagily traced from the {igure,
The motor for operating the rheostet is provided with twe
series fields wound in opposite direections sc that s circuit
through the armature and one field will cause retation in one
directicn and a circuit through the armature and the other
field will cause rotation in the opposite direction. "ith the
transfer switch, 143, closed in the upper or "hand" position,
the circuit starts from the positive control bus threcuvgh the
transfer switch, 143, one or the other of the contacts in the
speed contrel switch, thenm through one of the series fields,
the armature of the rheostat motor aund thus back to the neg-
ativecontrol bus, the contact chosen in the speed control

switch determining the direction of rotation and therefore




whether the resistance is increasing or decreasing. The
amount of resistance in the field circuit determines the
voltage of the main generator and therefore the speed of the
propeller metor. For this type of control, of course, con=
stant voltage at the exciter is reguired. In order to accome
plish this without interfering with the acticn of the regue
lator, when it is used, two rihcostats szre employsed in the
field ecircuit of the exeitsr, the left-hand rhecstat being
used during hand contrel and the riszht-hand one during regu-
lator control. It will be noticed that the right hand rhec-
stat is shown shortecircuited by a contact of relay 182-B in
its de-energized pesition and therefore the left-hand ricostat
determines the voltase of the exciter, independently of the
other rheostat.

It may be noticed that no starting resistance is
used in the circuit to¢ the propeller motor armature. Starting
is accomplished by reducing the generator voltsge te & suf-
ficiently small valwe before closing circuit breaker 172.

To insure this condition, interlock connections, not shown
in the figure, prevent the eclosing of the circuit breaker
until the generator field rheostat is entirely cut in, and
alsc set up the circuit to run the rheostst to this position
as soon as the circuilt breaker cpens.

It is also essential that the fiel of the propeller
motor be energized whenever the armature circuit is energized
in order to keep the motor from trying to run away. This is

accomplished by so interlocking the circuit breakerg 141 and



172 that 141 nmust be clcsed before 172 can be clcsed and
causing 172 to open immediately after 141 has opened from any
cause whatever. Both circuit breakers are closed and tripped
in the proper order by one control switch, at the control
station.

Then the main generator is being used for supplying
some laboratory load, and the propeller motor is disconnected,
the interlocking svstem descxibed above between the position
of the rheostst and the closing of the circuit bresker mey
or may not be desirasble, depending upon the tyre of load., To
accomodate this conditicn, a double throw switch has been
arransed so that in one position the same interlocking pree
vails as when the propeller mdétor is in operaticn, and in the
other 2ll interloeckiny between the twe is eliminated, whenever
the main switched are closed in the position for the leborae
tory load. The energizing of the field of the propeller motor
is 2lso undesirable when the »ain generatér is feeding a lab-
cratory load, and suiteble interlocks prevent the field cire
ckit breaker, 141, elosing when the knife switches, 182, are
thrown to the laboratory locad position. In this case the
same control switeh which previously closed both circuit

breakers nocw closes only the main circuit breaker, 172,
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IV, PRECISIOR SPEED CONTROL.

Cne of the principal difficulties in the construce
tion of this wind tuwmel ecuipment hag been the obtaining of
a suitable precisiun speed control which would regulate the
speed within very narrow limits and at the sawe time allow
the speed maintained by the regulatoer tc be adjusted at the
%ill of the operator. Several different types of speed reg-
ulation were conéidered but the majority nad tc be discarded
because they would not fill all the recuirements. One of the
schemes which seexmed most promiging at first sight was that
of balancing the speed of the propeller motor azainst an
accurate speed of reference, any deviaticns causing corrective
impulses until the speeds wore exactly matched. » small syae
chronous motor with speed controelled by & tuning fork, a sys-
tem known as the Benloff drive, was available as & speed of
reference, with aecursecy close to 1 part in a million. A sys=
tem of gpeed regulation had been develcoped for individual
paper machine plants, where highest accuracy: in relative gpeeds
ig required, which would mateh the speed of the propeller mo=-
tor against that of the spee. ©f reference with far greater
accuracy than required fer our purpceses. However, no means
could be found by which the regulated speed could be adjusted
without desﬁ?ying its accuracy. The speed of reference was
inherently fixzed, and the system of mstching allowed variations
of approximately 10 per cent either way from mean speed. This
variation was obtained by adjusting the position of a belt

connecting two parallel cone pulleys, tapering in opposite




directions, one pulley being directly connected to the appar-
atus being regulated and the speed of the other being matched
against the reference speed. To inerease the length and diam-
~eter ef these pulleys te the point where the desired range
.of variation, approximntely 10 to 1, could be obtained,v=s

in itself not feasible mechanically, to cay nothing of the
cost and difficuvliy of develo; ing a device for'shiftiﬂg the
pesition of the belt from one point to ancther esgily, accur-
ately and within a reasonable time. No other scheme was
found by which the wariation could be accomplished and sc

the method had to be discarded.

Another method, used by the Yestinghouse T.lec. and
¥fg. Co, in building a =ws?? wind tunnel for the government
at ILangley Field consisted essentially in balancing the pull
cf a coil, connected to a voltage proportional to the speed
of thes preopeller motor, asainst the weisht of the ccil plun-
ger. This system worked very satisfactorily in the cage in
which it was used, one report indicating that 2 speed vare
iation of not more than one-=tenth of 1 per cent was obtained
with this ecuipmeht, althoush some dovbt as tc the accuracy
of this figure has arisen. However, the speed range covered
by this equipment was small, being epproximately 2 tc 1, and
it coculd not therefore be used in our case.

The workinz of this scheme is essentially =zs fcllows,.
A smell generator, called the pilot generator, is directly
connected to the prepeller moter, a2nd when its field is con-
stant it will generate a veltage proportional to the speed

of the propeller. This voltage is then impressed on the main
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element of a direct-current vibrating voltage rezulator.

This reguvlator varies the voltsge obtained from the main
generator until the speed of the propeller is just sufficient
to cause the voltage from the pilot generator to balance

the regulator, In this case, in order to reduce the current
handled by the regulator and to reduce the tendenecy for hune
ting, the regulator, instead of operating directly con the
main generator, centrols the veltase of the exciter for th
main generator, thereby indirectly controlling the voltsge

of the latter and maintaining it a4t the proper value, The
similarity between this operaticn and that of an altere
nating eurrent vibrating generator ¥cli-sge regulator is ap-
parent, Any wmeans by which the voltage impressed on the main
element of the regulator is varied without the speed of the

prepeller motor being changed will cause a change in the

rezulated speed, since the voltage necessary to balance thes

®

regulator will occur at a different speed. In this case
rheostat was inserted in the field circuit of the pilot sen-
erator, causing the voltage zenerated for a given speed to
vary with the position of the rheostat. As the range of
voltage possible to obtain from the exciter under stable

regulator control is only asbout 2 to 1, the speed range

et

possivle is limited to about the same figure.

Several other ideas were considered but no essen-
tially different methods were evolved. In the mean time two
schemes, really modifications of the above in primciple,

although somevhat different in oper=sticn, were developed.




One was suggested by the General Zlectric Co. in & prelime
inary quotation and the other develcpeda by us,.

Beth methods employ the pilot senerator as was done
in the scheme outlined above, bul the adjusting rheostats
are now placed in the armature and regulator circuit of the
pilot generator, instead of the field circuit, Iun order that
its field curreunl could be maintained constant, the pilot
generator was excited frow the control bus deseribed zbove,
and it was planned {to regulate the voltage of the control
gensrator to 2 constant value. The increase in possible
spesd range is cobitained by the addition of a2 motor operated
racogtat in series with the field of the main generatcr, the
position of which is umicy ool ci of an adaitional element
of the regulator. If the volitage required at the field and
rheostat terminals of the main generator and which the main
part of the regulator is trying to produce, is abeve or below
certain fixed limits between which the respouse of the regue
lator is sufficiently repid and the action stable, the addi-
ticnal or avxiliary element of the regulator changes the po=-
sition of the rhecstat until the excitation veltage required
has beern brougiht within the necessary limits., The detailead
description below will make tihe cperation clearer,

The diffesrence betvween the two methods lies in the
way in which the excitation voitage furnigshed by the main
paert of the regulator is produced. In the Ceneral Tlectiric
scheme the source, instead of being an exciter with a varishle

voltage under control of theregulator, is some counstant poten-




tial, 125 volt D.C. supply. However, inserted in series with
the field circuit ig a direct current “countér-ﬁ. M. F."
moteor, the voltage drop of which is under control of the
rezulator, the latter acting on the field of this motor. The
counter=-8, ¥, ¥, and therefore the ecuivalent resistance drop
of this motor can be varied only through definite limits.
The rhecstat, also in series, provides an additicnal drop
and if the latter drop is not at 2 suitable vaiue so that
the motor can remain within its prescribed limits, the regu-
lator suxiliary element, connected across the counter-l, M. F.
motor terminals and Operating.on the rheogtat motor,changes
the position of the rheositnt tc a satisfactory peint. In
cther words, the pure resistance, which would be used under
hand control to vary the generator voltage, is split up into
a metor operated rheostat and an artificial equivalent resis-
tznce produced by the counter-E, ¥, F, motor. The small fluce
tuations are taken by the motor, whiech responds rapidly, and
the hiz zradusl changes are taken by the rhecostat. Since the
total resistance of the rheostat can be made very large in
comparison with the wvariation ir ecuivalent resistance of the
motor, it is obvicus that the range can be greatly increagsed.
In our system, instead of using a constant potential
seurce and inserting = motor armature in series to reduce the
voltage to the preper value, the two functions are re-cowbined
into 2 single exciter, the voltage of which is the same os
the above combinatiocn and likewise und-r the contrel of the
regulator. The auxiliary element which controls the position

cf the rheostat is now connected across the armature of the
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exciter and adjusts the rheostat resistance until the vol-
tage maintained at the terminals of the field and rheostat
by the main part of the regulator is within the limits of
ouick response for the exciter. Tf the exciter isg separately
execited, just as the counter-E,YM.F, motor is in the Zeneral
¥lectric scheme, the speed of response will be essentially
the same for both schemes. Although this schewme is simpler
than the General Flectric and closer to the originzl Vestinge
house model on which it is baged, it is more difficult to
observe at firsgt sight that it will work sstisfactorily.
.The latter scheme also has 2 higher efficiency than the former
becauvse the loss in the counterei,',F, mctor, connected in
oppogition te the constrnt -ctential source, is eliminated.

The largest source of error in both schemes, as
originally desisned, is the change of field cuvrrent of the
rilot generator as its windings change temperature. Te were

-

able to overcome this tc a very large extent by resuvlisting

o

ne current Iin the pilot generntor field instead of the
veltage across it. Assuming rerfect current rezsulnticn, the
cnly effect on the voltonzg proeduced by temperature chenges,
is that duve to chanse in permeability and in dimensions of
the masznetic circuit. Both of these effects are gmall and
very gradual witnin the temperature range encountered. Foth
schemes, after this change had been made, appeared to be
satisfactory from a rezulation point of view, and the spec=
ifications were written in such a manner that the bidder
coculd choose the one he preferred. It is interestins to

note that the General Electric Co., the successful bidder




on this part of the ecuipment, in their final proposal
discarded their scheme, which they had urged upon us quite
stréngly, and adopted ours.

We are now in a position to trace ocut the details
of the final scheme on the elementary disgram, Fig. 11,
The field circuit for the pilot generator may be traced from
the positive control bus tihrough the suxiliary contzet on
circuit breaker 141, the current regulator, the field and
back to the nezative bus. The current regulator maintaing
the field current and hence the field flux censtant and the
voltage of the pilot generator is therefere accurately proe-
wortional to the speed of the propeller motor, since the
pilot generator is directly connected. Yhen the regulator
is in use, the transfer switch, 143, is change: to the
"Regulator” position,thus disconnecting the speed control
switch and supplying positive control power to the contacts
of the regulator auxiliary element. As soén after this is
done as satisfactory conditions are estasblished, relay cir-
cuits not shown in the di&gr&m close relays 193-B and 193-=A,
The latter completes the circuit from the pilot gener-tor
armature through 193-A, the speed-adjusting rheostat, the
main operating coil of the regulator main element, and back
te the armature. If the voltage drop across the regulator
coil, or more strictly the current through the coil, is below
the correct value, the contacts of the regulator immediately
close. Sinee relay 193-B is now energized, the left-hand

exciter rheostat is short-circuited and the right-hand one
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inserted in the circuit, However, as sccn as the rezulator
contacts are clesed, the latter rheostat is z2lso short=cire
cuited, causing the exciter voltage tc rigse. This in turn

T the

C}

increases the voltage of the generator, the speed
propeller motor, and the voltage of the pnilot gener=tor.

25 soon as the voltage of the pilet generator has increased
sufficiently, the regulator contzcts opem, inserting the
rhecstat in cireuvit again. This reduces tle exciter veltage

and in turn the volisge of the generator, the specd of the
rropeller motor and the veoltage of the pilet generator wntil the
contacts again c¢l. se, and the cycle is repezted, Thus the

speed of the motor is not maintained steady but is cauvsed to
oscillate about a mean srecd, An guxiliary or anti-hunting

ccil in the main element of the regulator, ccnnected in
parallel with the auxiliary element, across the exciter
arrature, but for simplicity not shewn in the diagram,

causes the contacts to cpen sooner and close seonsr than they
ctherwise wovld. This has the effect of reduvcinc the cscil-
lations in propeller speed until they are of negligible ame
plitude, and the regvlator becomes in effect o direct-current

-

voltage regulater varying the voitage of the exciter above
and below = .oun value which depends upon the desired correct
speed of the propellexr motor. it may happen, however, that
the mean veoltage of the exciter which corresponds to the

desired speed of the proweller motor is so low, for 2 o
£ ¥ >

fudn

iven
pesition of the generator field rheostat, that the resulator

contacts remain open continuously, and the regulator is nc
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longer able to coutrol the speed. This condition is overcore
by the regulator auxiliary element, the operating coil of

which is connected acreoss the exciter armature. If the vole-
tage of the emciter becomes less than . gpecified value, one

>

£ the contacts of the auvxiliary elerent will close, ener-

o)

gizing the rheostst motor and increasing the resgistance.
Thig will reduce the speed of tlie prcpeller metor, and after
& sufficient reducticn, the contacts of the wain element
will close, causing the emeiter voltage te rise. "hen th
increase 1is sufficient,.thﬁ auxiliary glement will cpen its
contaects, stepring the rheostat,but the value of the exciter
voltage now corresponding tc the degired propeller speed is
within the reguired cpersting range and the main element of
the regulator 2gain has control.

If the comditicrn I reversed and the rezulator
contacts remain closed, the exciter voltsze will rise suf-
ficiently to close the other contact of the auxiliary element,
reducing the registance until the reulator contzcts again
vibrats, Thus the twe elements, operating in conjunction, are
avle to regulate the gpeed over a wide range,

It is obvicus that the speed maintained by the
regulabor is o functicn of the“pesition cf the spesd adjuse
ting rhecstat, and any change in thie pogition ¢l the rheo-
stat will change the regulated speed. Tor balance the voltsge
drop acress the regulator coil is a constant., This voltage
plus the drop acrcss the rheostat rwvst equal the voltase of

tie pilot generator, and the latter is proporticnzl to speed.




Changing the rheostat will cause the volitage drop across
the regulator to change, but this unbalances the regulator
and the speed will change uvuntil the proper drop is restored,
By adjusting this rheostat, the speed of the propeller motor
ray be varied, with the present calibration, from about 120
to 850 r.p.m. Although no precision speed measuring device
has yet been instzlled, the rn neto speed indicator used
shows fluctuaticns above and below normal sieed of consider-
ably less than + of 1 per cent and no observable deviation in
the mean speed indicatec is noted over a considerable periocd
of time.

The pilot generator his been mentioned vrevicusly
under the description of tro wropeller motor. It is rated
at 14 K%, 600 volts at 700 r,p.m. The rating is, however,
quite conservative for the frame size in order to reduce the
effects of temperature on the speed regulation. The hish
voitage rating is necessary in order to supsly sufficient
energy for operating the regulator at the lew speeds, approx-
imately 45 volts besing necessary to balance the resulator
with no resistance cut in from the sreed adjusting rheostat,

-

and proportionally higher voltzges recuired at the hisher
speeds., Tho ~i11n* ssnerator is sun- orted from a bracked
mounited on the end-bell of the propeller motor and is dir-
ect connected te the propeller motor shaft by means of o
flexible coupling. The pilot generator and its meunting may

Iy

be quite clearly seen in Fig. 6.
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V. DETAILED DESCRIPTION OF CONTROL ECUIPMENT

AND METHOD OF O ERATION.

As menticned above in this discussion neo single
location was 2 convenient and economical place for all the
major switching devices. With remote control, centralizing
of ecuipment of different classes presented few if any
advantages, and so the high-tension switching ecuipment,
congisting of the three cil circuit breakers, namely,
magnetizing, starting and running, the necessary.discon-
necting switches, current and potential transformers, was
located in a separate chamber on the basement level, known
as the primary wvault. In this same vault were alsc placed the
hand operated o0il circuit breskers for the building trans-
fromers and the building motor-generator set, and the auto-
matic starter for the building set. The building power and
light transformers and the starting auto-transformer were
placed in the transformer vault immediately belcw. As the
equipment in the primary vault was well adapted to struc-
tural mounting, it was all erecte: on a framework of 1} inch
iron pipe. Since the incoming power leads entered the builde
ing at the end of the primary vault opposite the machinery,
a very satisfagctory arrangement of connections and bus work
was possible,

The D.,C, air circuit breakers requiring panel
nmounting, some form of switchboard was necessary where they
were located. This point being quite central with respect to

the muchines and the conduit route for the third floor
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contrel station, tipis switchboard was extended and made
large enough to accomodate all the field and control cone-
tactors, and the control, miscellaneous, and part of the
protective relays, with the exception of the control relays
for the o0il circuit breakers, whichk had to be located with
the circuit breaker operating mechenisms in the primary
vault. The turee larze field rieostats, namely, the synciaro=
noﬁs motor exciter field, the main generator field and the
sropellier motor field rheostats were lccated nearby on a
structural framework, Fig. 12 shcows this switchboard, upar-
tially completed, in the foreground, and the rheostats and
the automatic starter for the control moter-generator be-
yond and to the left., The left-nand panel of the switchboerd
is used in ccnnection with the building motor-generator,

and the remaining three panels contain the ecuipment for the
wind tumnel. On panel three is locatec the proueller motor
field circuit breaker, 141, and on panel 4 the main circuit
breaker,172, and the three knife switchies are observed. This
switchboard is called the relay or "B" switchboard.

The main control switchboard at which all switching
cperations are performed is located on tune taird floor. This
switchbeard also consists of four panels, on the first of
which are mounte« the regulator elements and accesories. The
second contains the contrel switch, rheostat, and instruments
for the control motor-generator and in addition two protec-
tive relays for the main motor-generator set for which there

is no room on panel 3. The third panel contzins the céntrol
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switches, meters, instruments and overload relays for the
main synchronous motor, and the fourth panél the control
switchnes and instruments for the main generator and pro-
peller motor, and also the exciter rheostat wnich is used
during regulated speed control, This switchbeard is called
the contrel or "C" switchboard.

In addition there are four srall auxiliary panels
for various purposes, as follows. For convenience in testing
and in the use of the main generator for experimental pur-
peses other than the wind tunnel, a small control panel was
provided, containing four control switches and an ammeter and
~voltmeter for the main generator, With the autormatic features
and interlocking provided, these four control switches will
perform all the necessary switching operations for running
the tunnel under hand speed control, or for using the main
generator for other purposes, except that of starting the
control generator. The control motor-gcnerator set must
first be started by means of a push.button located near
thne "B" switciiboard or the control switch at the "C" switche
board. This panel is normally located a few feet to the
right of the "B" switchboard, but if desired, nmay be removed
to any location within reascnable distznce and placed in
service by connecting its terminals to a set of terminal
blocks at the normal location., This pan@&l is consequently
called the "semi-portable control panel®.

A second panel called the "seteup panel" is located
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in an enclosing steel cabinet under lock and key just to the
right of the "B" switchboard. On this panel are mounted trans-
fer switches for transferring control of the equipment from
the main control switchboard to the semi-portable control
panel and for comnecting or removing the interlock between
the main generator rheostat and the main circuit breaker, as
deseribed previously.

The remaining two panels are auxiliary speed control
stations which may be used for controlling the speed of the
propeller motor. These speed control stations as well as the
speed control switch at the "C" switchboard are mutually ex-
clusive and control must be transferred from one to the other
by means of a transfer switch, 143, located at the "C" switch-
board. Hand speed control only is available at the "C" switch-
board, but either hand or regulated speed control is available
at either of the auxiliary stations. One of these stations
is located immediately adjacent to the balances on the third
floor and the other is located in the observaion room on the
first floor.

Extensive electrical protection of the rotating
equipment was considerec desirable, because of the large ine
vestment involved and because, under normal cperation, the
machinery is neither visible nor audible from the point of
control, Although this considerably increases the compli-
cations of the equipment, the additdonal cost was only a
small proportion of the total cost and any dangers which

might arise due to operation by men not thoroughly familiar
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with the electrical ecquipment are reduced to a minimum. This
protection may be divided into three general classes, the
first of which prevents the normal operations progressing
until the preceding operations have been successfully com=
pleted, or until satisfactory conditiong prevail, the second,
which causes operations to occur which will perfect unsatise-
factory conditions in order o allow normal sequence to fol-
low, and the third which will shut down the equipment in case
of serious abnormal condition. In the first class may be men=-
tioned the conditions which will prevent the starting of the
motor-generator set, which are:

1. Low A.C, voltage.

2. Unbalanced or reverse phagse A.C. voltage.

3. Low or reversed control voltage.

The remaining features of the first class and those
of the second are, in general, obtained by interlocck or auxe
iliary switch connections and will be mentioned as they arise
during the discussion of the operating sequence., The third
class may be sub-divided into twe groups, one which causes
a shut-down and prevents the equipment being restarted until
the trouble hasg been investigated, and the second which causes
shut-down but allows the equipment to be im ediately restarted
in case the trouble has disappeared., With two exceptions all
the devices operating in the first group obtain their oper-
aticn by actuating a lock-out relay and an annunciator which
indicates the cause of the shut-down. The lock-out relay is

rnand reset and when operated causes immediate shut-down of



the propeller motor and the main motor-generator, and
neither can be restarted until the lockout relay hias been
reset., The two exceptions are the overspeed devices on the
motor-generator set and the propeller mector. These devices
are circuit opening and are therefore unable to operate the
annunciator and lock-out. The overspeed device for the motor-
generator set shuts down the motor=generator and propeller
motor, and the device for the motor shuts down the motor
only. The equipment shut down can not be restatrted until
the proper oversgpeed device has been reset.

The features included in the first group are:

l. Unvalanced A,C. line current during starting
period of the motor-generator set. (46).

2, Failure of the motor-generator set to com-
plete starting sequence in a predetermined time. {(48).

2, Continued overlcad (Thermal protection).(49).

4, Overheated bearings on the mdtor-generator set.
(38).

5. Field failure in synchronous motor. (40).

6. Uverspeed of motor-generator set. Can occur
enly in case of power feed back into motor-generator upon
loss of A.C. supply. (12).

7. Overheating of propeller motor. (168).

8. Overheating of bearings on propeller motor.
(138).

9. Overspeed of propeller motor. Shuts down
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propeller motor only. (112),

The features included in the second group are:

1. Low control voltage. (&C).

2. Low, unbalanced or reverse phase A.C. line
voltage. (47).

5« Unbalanced A,C, line current during running
period. (46).

4, Severe momentary A.C. overlcad. {(51).

5. Direct current overlcad.

6. Opening of propeller motor field breaker.
Shuts down propeller motor only.

The distinctions between features of one group and
those of another are in some cased not very marked, as a
single device may perform functions in more than one group
depending upon the circumstances,

Comparison of the first feature of the first group
in class three with the third feature of the second group
shows that both depend upon unbalanced A.C. line current
~for operation. This condition may be caused either by inter-
nal machine conditions or unbalanced voltage., However, ume-
balanced voltage, if not too great, will not be detected by
the voltage relay, since the machine itself acts as a phawe
converter and holds up the woltage on the l«w phase. The
first cause is a sericus fault and *“e machine should be
locked-out. The second is an extermal condition which is

not due to any machine trouble and a lock-out is not desired.
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If the unbalanced current first occurs while in the running
position, the above arrangement separates the two czuses,
In either case the machine ig shut down as soon 2s tue un-
balance reaches serious proportions. If the fault is internal,
there is ncthing to prevent the machine being restarted, but
if the trouble persists, the machine 1is immedisately locked-
out. If the stutedovn was caused by unbalanced line voltage,
the phase converter scticn of the motor will cease as soen
as the machine stops snd the voltaze relay will prevent ree
start until balanced voltaze is restored to the line., Tn this
case no lock-out ocours,

In any system of control, faults may cceur, and in
a system as complicated as this cne hzg become, locating the
trouble may be more difficult than correcting it. To render
fault detection as easy as possible, the wiring wes care-
fully organized. Tach wire in the entire system bears a
vire designaticn which is indicative, ss far as possible,
of its function and the machine with which it is primarily
used. This designation sppesrs on 2ll the disgranms and at
the terminal blocks where the wire leaves & psnel., "he "B"
switchboard is a distributing polint for all eontrol wiring
except that to the two speed control panels which are sube
sidiary to the *C® switchboard. A1l wiring at the "B® switch-
board is terminated at & series of terminal blocks 2t the
rear of the panels and ls grouped as far as conveniently
possible aeccording to the location of tie other end of the

run., All instrument and control wiring leaving the primary




vault runs through a terminal board cabinet where a series
of terminal blocks renders similar identification. All small
wiring entering or leaving any switehboard panel passes through
a terminal block, so that any wire may be readily lccated,
Wires leaving the "B" and *C" switchboards are maintained in
small related groups, run through floor plates into an under=-
floor distributing gutter, and are there sortdéd out and led
into the appropriate conduit. The system has already proven
its value in the simplicity with which the initial sequence
tests were conducted and individual devices operated under
test conditions, and in the ease with which such circuit
troubles as have arisen have been located. Changes may also
be made much more easily when each wire can be almost in-
stantly located at both ends.

The first step in laying out a system of wiring of
this type is the construction of a schematic wiring diagram
in which every device is placed with reference to its elec-
trical rather than its physical location. Before this dia-
gram can be completed the entire sequence of operations
must be known from beginning toc end, and every relay, con-
tactor, switch or other device must be completely speci=-
fied with regard to its method of operation,:operating vol=-
tage, number and type of contacts, ete. The remaining char-
acteristics, such as vcltage and current ratings, interrup-
ting capacity, etc. must be determined at the same time
from a careful analysis of every circuit and other piece
of apparatus affected by the device in cuestion. Then a

check must be made to determine if the devices desired are
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obtainable and suitable from a cormmercial and eccnomic point
of view. If not, tie schnematic diagram must be wmodified until
a completely satisfacltory system is cobtained. After the dige
gram itself is completed, the wire numbers are assizned, and
the information is then available for making the switchboard
utline drawings, which show the lccations of the devices and
the construction ¢f the switchbceards, and the conuccliicn dig=
grams, which show the sctual counections, as made on the ine-
stallation, and the approximate arrangement ¢f wires, assuming,
of course, that complele information on esch individual device
ig at hand,

The gchematic Qlagrams for this installaticn are

snown on drawings AVe49 and AV-31, reprcduciicrg of which

&

wre appended. Tie disgrowm was divided into twe parits because
of insufficient room on AV31l, and alsc because, if the con-
trol generator, the connections of which are shown on A%-49,
vecomes digabled, any otier source of 125 volts TI'.C., of 9%
K¥ or more capacity, connected in its place, will allow
2ll the functicns shown on A%-31 tc proceed without chanze.
Tue meaning of the symbols which are nct in universzl use or
rarked nay be determined from the lejend shown on the drawe
inzs. Contacts indicated as "normaily cpen” are open when the
operating coil of the device is deenergized, zud likewise,
contacts "normally clesed® are closed when the operating coil
is deenergized. This point should be carefully noted in

checking the operations on the disgrom, 28 in some cases the
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operating ccil itself may be normally and continuously
energized, which causes contacts indicated as "normally
open® to be c¢losed the majority of the time and vice versa.
within each circle indicating an operating coil and adjacent
to each pair of contacts, the number of the deviece is indi-
cated, and the description of the device is given in the
table, The complete description, with rating, catslog number,
location, etc. can be obtained from the device number list
on file in the records of the installation. The bills of mate
erial, the comnection diagrams and the nameplates adjacent
to the devices on the switchboards indicate the device nume
bers, sc that locating a particular device is not difficult,
The device designations are based as far as possible on the
standard device numbers for automatic stitions, adopted by
the Hational Electrical ¥anufacturers Association. For this
type of equipment only the humbers between 1 and 100 are
authorized, but because of overlapping of functicns the

sare numbers with the prefix 0 are used for the control
generator equipment, and with the prefix 100 for the pro- .
peller motor equipment. The numbers between 1 and 100 refer
to the main motoregenerator. lLetters alone and letters fole
lowed by a number are not standard designations andé were
adopted to suit conditions. The letter suffix to & number
indicates an auxiliary device cor one part of a device which
is divided into several parts. A rectangle surrocunding two
or more operating coils indicates that both devices are in

the same case and operate in conjunction.
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As mentioned above, the wire designations, in
general, indicate the function of the wire and the machine
with which it is primarily used. No particular diffidulty
should be experienced in distinguishing wire numbers and
device numbers on the diagrams because of their location,
Although certain exceptions are unavoidable, in general, the
last letter of the wire designation indicates its use, ac=-
cording to a code, anu the first number the machine with
it functions, following the numbers in the machine symbols
on the diagrams. The second number or lack of it designates
the individual wire. The prefix B denctes a bus which may
energize several deviceg prefix V, instrument potential;
prefix J, instrument current; and irefix I, lamp indicator.
The number portions of the contrel bus designations, bear-
ing the prefix 13, are exceptions, and do not bear machine
numbers. The code for the last letters is as follows:

A,B,C, ¥ain leads, usually A.C. phases 4,B,C.

Neutral.

L]

Equalizer,

Field.

Green,

Towering (voltage, etc.) or lockswitch.

Negative.

»

Ground.,.

* I T S ot B B N - I

Pogitive,

L d

P
-

A.C, control,
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R, Raising (voltaze, ete.) or red, with
prefix L.

8, Starting.

Ts Tripping of stopping.

Y, Thite,

X, Heavy control (for solenoid mechsnisms,

ete. )
H,K,U, NMiscellaneouws control and protection
net included in above.

¥hen L indicates lockswitch the first nurber
following is 1 insﬁead of the machine number. # lower case
letter following the usual wire desigmation indicates a
wire of same eleetrical purpose as the wire without suffix,
but disténguished for some non-electrical reasorn.

Although certain important exceptions ovcur, in
zeneral the main operating coil of a2 device, when energized,
attracts a plunger or armature, which in turn mechanically
closes the "normally open' and opens the "normally closed”
contacts, the contacts remaining in the energizec position
only while the coil is energized. The principal exceptions
are the circuit breakers which are latched in the energized
or closed position and remain so, even after the operating
coil is deenergized, until the latech is tripred. The latch
mnay be tripped electrically in either of three ways, de-
energizing a holdingncoil or low veltage release coil,

energizing a shunt trip coil, and energizing a series trip
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coil. In all three cases the tripping devices may, in general,
be made to operate within certain definite‘limits only, so
that current below or above definite values must be present

to cause operation. The holding ccil, if used, must be ener-
gized before the main operating cor closing coil is energized,
if a satisfactory closing operation is to be obtasined.The
designations of these tripping coils are the same as that of
the operating coil, followed by the letter H for a holding
ceil, and T for a tripping coil, the circuit of the coil de-
termining wnether it is a shunt or a series coil,

Certain other devices remain in the operated po-
sition, after the operating coil is deenergized, until reset
by hand or other means. These devices are noted in the de-
scriptions of apvaratus on the disgrams. Several other devices
have some specizl or unusual characteristics, and the most
important ones will be described briefly below. FPelays 027
and 048 operate in conjunction in such a manner that after
048 has operated it is maintained in its operated position
by 027 as long as the latter is energized. 048 recuires &
definite time to complete its o _eration. The annunciator
relay, 30, has no contacts, but a series of targets which
drop into view when the corresponding circuit is energized,
Relays 41-X and 48 require a definite time to operate after
being energized, and a proportional time to reset after bein g
deenergized. Relays 80 and 80-X operate in conjunction as a
single unit, the operation of 80 causing the operation of

80-X, a rugged auxiliary relay, by the circuits shown. The




regulating devices 187, 157-A and 180, 1204, each consist of
two ccils, the first _rimarily operating the contacts and the
second supplying an opposing impulse which is designed to pre-
vent hunting. The specia. action of the regulator auxiliary
relay, 190-X and 1980~XA, is described in nete 1 on £7-31, Device
158 has two contacts, which are closed at appropriate upper
and lower limits of its normal voltaze range, 15&=T. being closed
wrien the voltage on the coil falls belew 2 certain value and
188-R being closed when it rises above another value. The var-
ious circuit breaker control relays should also be rentioned,
as they have two operating coils, the main coil bearing the
designaetion of the circuit brezker with the suffix X and the
release coil with the suffix X-R. The action is such that
energizing the X coil closes the contacts and energizing the
X-R coil opens then, whether the X coil rerains ensrzized or
not. The centacts can not be reclosed until after both coils
have been deenergized at the same time.

OPERATING SECUTKCE.

F's

l¥2
ST

ARTING CONTRCL GRENERATOR,

The control devices shown in A%W-49 are for tiLe mosgt
part included in the standard masnetic automatic st=rter, but
are shown in a diagram of this type for convenience and uni-
formity. The operatioa is as follows., If the “stop” contacts
of PB l-A, PB 1-B, and CS 1 and the bvack contacts of 049 are
closed, closing the "start® contacts of PB l-A or €S 1 will
start the control motor-gemercivi. The circuit may be traced

from B-10 through the push buttons and control switch to 027,

and in parallel with it 027-X, then through the contacts 049
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tc the other side c¢f the line. 027 immediately closes its
contacts, maintaining its enerzizing circuit after the "start®
contact has been releaged. 06 and (048 are energized in para-
llel with 027, throuzh the back contacts of 048, The former
closes immediately, connecting the motor to a reduced voltage
from the auto-transformer, and causing it to stort. After a
definite , adjustable time which allows the machine to come
up to speed, 048 operstes, opening its own cidrcuit and that
of 06, 048 being maintaired in this position by 027, the make
contacts of 048 close and energize 042 as soon as 06 has
completely opened, thus placing the motor on full veltage,
The contacts of 027«X, which closeswith 027, energize an in-
dicator in the main hall from a lighting circuit, as shown in
the lower left of the diagram. The switchboard indicator,
located at the "C" switchboard, is connected between S-12
and A-l11l as shown and has the same voltaze across it and its
resistor as applied to the motor. As a congequence, when the
nmoctor takes full voltage, the lamp will brighten, giving a
visual indication of the action.
HORMAL STOP, CONTRCL GEKNERATCR,

To stop the set it is merely necessary to open the
"stop" contacts of PB le-A, PB 1=-B, or €S 1l momentarily. This
opens the ecircuits of all the contactors and they will re-
main opén since the opening of OR7 causes the break in the
circuit to be maintained., PB l=-A is lccateu near the "B"
switchboard, €8 1 at the "C" switchboard, and PB 1-B in the

primary vault. The contacts of the latter are maintained
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open or closed after the correspending operation. This
switch is to be left in the open position when men are
working in the primary wvault, so that the machines can
not be started inadvertantly.

PROTECTION,

1, OVERLAD,

In case of overload one or both coils of 049
operate, opening the contacts 0492 eand stopping the motor.
2 restart can not be made until 049 has been reset by hand,
and this can not occur until 049 and presumably the motor
nave cooled to a safe operating temperature.

2. URDERVOLTAGE.

In case the voltage of tne A.C, supply for the

contrcl motor—generaiur falls below a ecertain value, 027

releases its contact, thus shutting down the maechines.

CORTROL POVYR,

As the motor comes up to speed, the generator
will build up tb normal voltage, if the rheostat, HR-1,
has not been changed from ifs marked position. The voltage
and current taken from this generador can be read from the
instruments, and a ground on either lead will be shown by
the corresponding ground detector lamp going ocut. Passing
through switch &, vwhich is normally closed, the generator
voltage is impressed on the control bus and the operation
of securing control power is conmpleted. Switch 8 should

never be opened while the propeller motor is in operation,
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ag this opens the field circuit of the propeller mctor
and no path is provided for the discharge. To insure azgainst
this the switch is held cloged by means of a clamp and a

wing nut.

The remainder of tle connections are shown on
AT=31, The arrangement of this drawing is as follows. The
2300 wvolt main connections are arranged vertically just to
the left center of the drawing. To the left of these are
located the alternating current instrument and control
circuits and, above, the hall indieating lamp circuit for
the rain motor generator circuit., On the right of the main
4.C. connections are locate. , at the bottom, the main dir-
ect current connections and miscellaneous and speed regu-
lator control ecircuits, Above, in the first row, are located
the control circuits for the main synchronous metor and in
the second row for the main generator and propeller motor,.

The two wain control busses, poesitive,BP, and
negative, BN, are energized as soon as the control generator,
no. 2., comes up to normal voltage and switch 8 is closed.
ginece best interests of the equipment are served by having
control power available at all times in spite cf overload
conditions in the control circuits, no fuses sare placed in
these leads, reliance being placed on the alternating current
motor overload for protection. The motor field and the cire
cuit breaker solenoids requiring large amounts of power and

a few essential trip coils are connected directly to these




bussges. 7o protect the smaller control circuit leads, sub-
sidiary busses, BP-1 and BE-1, are fed from the above through
40 ampere fuses. The circults are so arranged that the blowe
ing cof thege fuses will ¢pen all rmein switching devices, the
power supprly to the necessary trip coils net being intere
rupted by the fuses,

It will be seen that FP-1 is not continucus but
terminates at a contact of master contsector 4. The bus beyond
is called BP=-2, Az will be secn later, it is necesszry for
BP=-2 to be enerpized, and hence for 4 to be closed, before
any of the main machines can be run, and the opening of 4
immediately stops all main enuiprent. The busses TT-1 and
EP-2 feed auvxiliary busses through the various poles of the
set-up switch, 96. This is the switeh, menitiocned above, which
transfers contrel to the seni-portable control panel or to
the "C" switchboard., In the lower or 95-1 positiocn, control
iz obtained at the "C* switchboard and iu the 98-2 position
at the semi-portable control panel. The arrangement shown .
was necesgary in order to avoeid, under certain conditions,
possible sneak circuits through a deenergized bus., It is
cbvicus fhat contrel switches connected to bugses cner-
glzed in the 99-1 position would be located at the "C"
switehboard or its subsidiary speed contro’ ponels, and the
control switches connected to the busses energized in the
08=-2 position would be locatei at the semi-portadble control

panel,
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HORMAL START,

HAIN MOTOR-GENERATOR SET.

In order to operate, it is necessary to close
switeh 95 in ohe position or the other and close the
appropriate lock switeh 1 or l-A at the control station
selected by 95 with a key. These lock switches are provided
to prevent tampering by unauthorized perscns, and in the off
position prevent operation of the equipment from that statioen.
For convenience it will be assumed that 95 is clcsed in the
95-1 position and control is located at the "C* switchboard.
The modifications for operation at the semi-portable panel
will be obviocus. Closing of lock switeh 1 energizes low volt-
age relay 80 and if the control voltage exeeeds a predetermined
value, 80 will operate completing the circuit te 80-X which,
in turn, is operated and completes its own holding circuit
through its make contact.

Under normal conditions this will complete the cire
cuit for master relay 3 up to control switeh CS-3, "Start®,
The contacts in the circuit of 3 below the coil not only
prevent starting, if open, but also stop the equipment when-
ever opened. The ones above, if open, prevent start, but do
not cause shut down because 3, once closed, seals itself in
around the contacts above the coil by means of one of its
own contacts. Opening of the contacts below the coil which
are hand reset, will lock out the eguipment until these de-
vices are reset. The contacts above prevent start until

proper conditions are present. Contacts 47 closed insure
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sufficient balanced 2.C. woltage and proper phase rotation.
Back contacts 172 closed meke sure that the main D.C., cir-

cuit breaker is open, and back contacts 19 that the transition
relay has opened., Back contacts 53, the coil of which is conn-
ected across the synchronous mobtor exciter, will not close
wntil the machine has slowed down sufficiently to allow all
other devices time to open. If all these conditions are satis-
factory, closing CS-3 will operate master relay 3, whiech,
through a make contact, immediately closes master contactor 4.
One contact of 4 energizes BP-2 and applies voltage to the
devices connected thereto. A second contact of 4, through a
second contact of C8-3 "gtart® now completes the circuit to

the control relays 6-X and 6 C-X, provided the zunning circuit
bresker, 42, is open. These relays energize the closing sole-
noids 6 and 6«C shown farther to the right, which close the
starting and megnetizing cireuit breakers 6 and €-C, connecting
the synechronous motor to the line, through the autotransformer,
at reduced voltage. As soon as the eircuit breakers close the
release €oilst=-XR and 6 C-XR are energized, which, as explained
previously, cause contacts 6-X and 6 C«X t0 open regardless

of coils 6-X and 6C-X. This feature prevents holding the breakers
closed under conditions whieh would otherwise cause them to
trip. As soon as BP-2 is energlzed, the holding coils G6-H and
6C-H are energized through a back contact of 42, thus holding
the circuit breakers closed after the solenoids are deenergized,
until the trip coils 6-T and 6C-T are energized. The come
pletion of this operation is indicated by the extinction of

a green lamp on the switchboard and the illumination of a
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red one., The lamp circuits throughout are obvicus and will

.

P

nerafore net be explainec in detail, &g soon as the red
lazmp nas 1it, the control switon may be released, allowing it
te return to the normal or off position.

The syunchronous motor ras an avxiliary squirrel cage
winding znd so comes up Lo speed under the action of the re-
duced voltage. AL tlhie sawe time the self-excited exciter, No.6,
builds up in voltage. At a predetermined volitage, corresgpond-
ing nermally to sbout 80 per couil zpeed, relay 53 cloises, can-
pleting tne circuil to the operating coil, 41, since circuit
breaker 42 is cpen and 6 closed. In thé mean tice, however, the
field ecircuit of ihe synchronous motor is closed through the
discharge contacts c¢f 41, the discharsze resistor, 1IR-3, and
the series operating coil 41, whilch is arranged to hold the
back conitact tigutly closed as long &s an apprecisble current

is flowing in this circuit, Turirw starting this current is an

A

alternating current which does not fall off sufficieuntly to
allow the main ccil to cperate the contactor until about 95
per cent synchironocus gpeed is reached. At this point the pull
of tlhie series coil becomes so weak that it is overpcwered by
the wain coil, and ihe contacts are operated. This opens up
the discharge circult and counects tie Tield to the exciter
through redueing resistor, "R=3, Thne value of this registanee
is adjusted to produce the best value of field current Tor
transition, with ncrual exeiter voltaze.
An auxiliiary contact of 41 cioses the circuit of

41-%, a tiwing relay operated from one of the alternsting-



current instrument and relay potential transformers, through a
vack contact of 42, 4fter a time interval wnich is adjusted to
allow the machine to pull inito step, =21-X operates and completes
tne circuit to tue transgition relay, 19, cperated from BP-Z,
Cne wmake contact of 19 parallels the contact 41-X, thus seal-
ing in 19, and a second contzet of 1¥ locks in 41, 2 third con-
tact completes tie circuit to tae trip coils 6«7 zua 6C-T,
tripping the starting breakers, sno wnen thney are fuvlly open, a
circult through the same contact and back contacts ¢f &, 6«C,
wiid 42-7 eomrletes the circuit to the running circuit breaker
centrol relay, «2-X. This relay energizes the solencid and
closes the running breaker; 42, thus connecting the motor to
full voliage. /s soon as the breaker is closed, tie closing
solencid is deenergized in the ssite manner ag the cthers by
the action of 42-XR. In addition, & cutofi reley, 4<-Y, is
energized by another auxiliary contact of 42, seals itself in,
and deenergizes both 42«¥ and 4<=-XR. In short both 42-¥K and
42-Y have the same function, but 42«Y is adapted for continucus
duty and 42-XR is not. 42-H was energized previcusly by EP-2
and holds the breaker in the closed position. An suxiliary con-
tact of 42 energizes 39, which short-circuits RF-Z, and applies
full field to the synchropnous motor, Completion of the transi-
ticn is indicated at the switchbeard by the extinction of one
red indicator and the lighting of a cecond,
YIELD ADJUSTEERT.

The ficld of the synchronous motor is adjusted by

varying the exciter rheostat, ¥R-1l. “his is accomplished by

moctor, and the connections are shown at the extreme right of
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the first row. The "raise®™ contacts of CS8-2 complete the
cireuit tnrough the armeture and one series field, causing
rotation in on¢ direction, decreasing resistance andé there-
by increasing the current., The "lower" contacts, completing
the circuit through the other series field wound in the oOp=
posite direction, causes opposite rotation and a decrease
in current. “hen the end of travel is reached in eitler di-
rection, the corresponding limit switch overates, stopping
the motor and illuminatins the indicator as long as the switeh
contacts are held closed. An adiuvstable auxiliary contact de-
siznated "ER-1 Formal" is closed when the rheostat is in &
preassisned normal intermediate pcesition. Under normal cire

umstances the rhecstat is left in this pociticn and is not
operated whie the mechines are ruraning,

NORVAT, SHIITDOYH,
FATY POTOR-GEXMERATCOR,
Normal shut-down is sccomplished either b turning

C8=3 to the "trip® position cor by turning the leockswiteh,l,
-to the "off" position. The latter cperates in exactly the
sare manner as failure of control voltage, described below,
becauvse the underveltage relay is deenergized by this switch.
The operation of the former is 26 fellows, Closinz the "stop®
contact cf CS«~3 short-circuits 3, openng it. The reegistor,
R=3, 1limits the current to a reagonable value. & does not re=-

close when the contrel switch is relesgsed because its cirenit

s broken by its own contact. The opening of 3 imwediately

b}

openg 4, killing EP-2, This decnergizes 42-I1 and 19, causing

the running breaker 42 and centactor 19 to open, disconnecting




the nmotor from ths lins. To make absclutely certain of
tripping 42, a back contact of 4 cleses the circuit to the
trip coil 42-T. "hen both 42 and 19 are open, 4l opens,
disconnecting the field from the exciter and short circuiting
the field through its discharge resistor and the series coil,
41, the latter sealing the contacts of this circuit closed.
As the machine slows down the exciter voltage falle and
finally 53 opens, restoring conditions to normal. & check
will show-that all devices operated during the starting
sequeneevare deencrgized and in their original positions
except the voltage relgys 80 aad 80-X. Turning lock switch
1 off immediately opens 80 znd 8C-X. When the breskersopen
the red indicaters are extinguished and the green is again
lighted.

PROTECTION, WITHOUT LOCKOUT.

I. LOW CONTROL VOLTAGE.

From the description of normal shut-down above it
is seen that shut down occurs when relay 3 opens. Any means
causing 3 to open will therefore cause a shut down, and all
the protective devices which cause shut-down then obtain
their operation by either direetly or indirectly opeaing
relay 3. In case of low control voltage below a liniting
predetermined value relay 80 opens its make and closes its
break contacts, thus short circuiting 80-X, the current
being limited Ly R-80-X. Hdence 80-X opens, and one of its

make contacts in the cirecuit of 3 opens the latter causing




shut down from then on just as deseribed above.
2. LOW, UNBALANCED OR REVERSED PHASE,
A.Coe LINE VOLTAGE

In case of low, unbalanced or reversed phagse A.C.
line wvoltage shut down immediately occurs through the action
of relay 47. This relay is held in the energized position by
the presence of a torque of proper direction and magnitude
on & disc bearing the moving contects. In case of low or
unbalanced voltage the torque is recuced below the nescessary
value and in case of reversed phase the direction of the
torgue is reversed: In either case the make contacts open
and the back contacts clese, the latter short circuiting
the coil of 3, and the former preventing 3 reclosing until
proper voltage is restoreds The make and back contacts can
be edjusted separatély s0 that &« higher veoltage may be re-
quired before starting than that at which the machine may
be allowed to continue to run. In this case the relay has
been adjusted so that 2000 volts are reguired for starting
but the machine will continue to run until the voltage falls
to 1900 volts.

3+ UNBALANCED A.C. LINE CURRENT
DURING RUNNIKG PERIUD.

Upon the occurrence of unbalanced AiC. line current
of sufficient megnitude, relay 46, which}consists of current
elements in the seeondaries of current transformers in all
three phases, balanced against each other, will be operatec,
clesing its make contact. If this ocecurs while in the running

position circuit breaker 6 will be open and a circuit from
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BP-1 will be established, through contact 46 and a back
contact of 6, short circuiting & and causing shut-down,
4. SEVERE MCMEKTARY A.C. OVERLOAD,

In case of a severe momentary overload, cne of the
relays 51 will be operated. These relays are definite mini-
mum time induction overload relays and can be gset to operate
at any desired current within their limits. The contacts of
51 short-circuit 3 direetly, causing shut-down,

PROTECTION, HACHIKE LOCKED OUT,.
1. UNBATARCED A,C, LINE CURRENT
DURING STARTING PERIOD.

All the circuit-closging devices which cause lock-
out are arranged to operate the lockout relasy, 86, through
one of the annunciator drops of relay 30. A back contact of
86 is in series with the coil of 3 and opens 3 whenever 86
is operated., Since 86 is hand reset, the machine can not be
restarted until this relay has been reset. When unbalanced
current occurs during the starting period, relay 46 operates
as deceribed above. However, circuit breaker 6 is now closed
and a make contact completes the circuit toc 86, If relay 3
opens at any stage of the starting period, shut-down will
occur in a manner similar to that in the running position.
If the field has not been applied, only devices 3, 4, 6-X,
6-XR, 6G=-XR and 6 have operated after the closing of 80 and
80~-X, 6-X, 6C=X, 6-XR and 6C-XR are deenergized as soon as
the control switch is released. The cpening of 3 causes 4 to

open immediately. When 4 opens, BP-2 is deenergized, in turn
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deenergizing 6-H and 6C=-H, causing the circuit breakers €
and 6-C to open and stcp the set. If 53 has clesed, it opens
when the machine slows down. If 41 has clcsed, it cpens as
soon as 6 opens. If 41-X has been energized, it is deenergized
by the opening of 41. If 19 has been energized, the circuit
for cpening 6 and 6C has already been completed, and the de-
enerzizing of BP-2 will open 19 and any devices held in by it,
If 42-X has been energized but has not had time to complete
the closing of 42, it will be opened by the opening of 19 as
well as by the deenergizing of BP-2, If 42 has closed, the
machine is in the running posgition and shut-down occurs as
described above, under normal shut-down. The remaining device
invelved in this sequence is 39, and it closes and opens with
42,
2. FAITLURE TO CCOLPLETE
STARTING SBECUENCE.

As soon as 3 closes, a circuit through a back con-
tact of 42 and a make contact of 3 completes a circuit to
the A.C., timing relay 48, The time of operation of this re=-
lay is adjusted so that the starting secuence, under normal
conditions, will be completed before 48 operates. The final
main operation of the starting secuence is the closing of
42 and when this occurs, 48 is deenergized by the back con-
tact of 42, If for any reason 42 is not closed within the time
limit of 48, 48 will operate and energize the lock-out relay,
86, causing shut-down and lock-out. Relay 48 also prevents a
large nuwmber of starts in a short time because it requires

a time interval to reset nearly ecual to its time to oper-
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ate., If a second start is made before the relay hags fully
reset, a shorter time will be recuired for it tc cperate,
and if several such starts are made in rapid succession, a
peint will be reached where 48 cperates before the normal
sequence is completed. This arrangement prevents abuse of
the auto-transformer,

3. CONTINUED OVERLOAD,

THERWAL PROTECTIOE,

If an overload of insufficient magnitude to oper-
ate relays 51 is maintained for a lcng period, it will over-
heat the windings and cause damage. The thermal relays, 49,
energized from the current transformers, have a heat charac=-
teristic similar to that of the machine and will be overheated
wnen the machine is. At a predetermined point 49 will coperate
and energize £6, causing a locke-out.

4., OVERHEATED BEARINGS
ON MOTOR-GENERATOR SET.

If the bearings of the motor-generator set are
ocverneated, the bearing temperature relays, 78, will be
cperated, energizing 86 and causing a lockout,

5, SYRCHRONQUS IMOTOR FIELD FAILURE,

In the circuit of the exciter and synchronous motor
field is placed the series operating coil of relay 40. ¥When
the D.C. field current exceeds s predetermined minimum value,
relay 40 will be energized, cpening its back contact. If, dué
to the failure of the field current to remain above the ne-

cessary minimum, this back contact should reclose after 42




has been closed for a definite period, 86 will be energized
and a lock-out occur., This operation is secured as follows.
Yhen 42 closes, & back contact deenergizes relay 41-X, which
was used to obtain the time interval between application of
field and trangfer to running position. After & period of a
few seconds, approximately equal to the cperating time for
this relay, the back contacts of 41-X reclose. Since 42 is
now closed, the circuit is completed except for the clesing
of back contact 40. The contact of 42 in this circuit pre-
vents shut-down during the starting period before the field
is spplied, The introduction of the time interval wos necesw
sary to prevent lecck-out occuring during the surge in the
field circuit which occurs at the instant of transition,
sometimes of sufficient magnitude to drop relay 40 momen-
tarily.
6, CVERSPEED OF

MOTOR-GENERATOR SET.

In case the speed of the motor-generator rises
above normal value, the ®verspeed device will be cperated,
cpening the circuit of 3 directly and causing shut-down
until the device is reset. Overspeed of the motor-genera-~
tor setean not conceivably occur when coperating the tunnel,
put may occur if the generator is connected with other
sources of energy at a moment when the 2,C. power supply
fails.

HISCELLARECUS,

It may be noted that loss of alternating-current
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voltage on the secondary circuit of the 400 VA. voltage
transformer, due either to low supply voltagse or te =z blown
fuse or burned out transformer, will prevent completion of
the starting sequence by lcss of energy for relay 41-X, and
at the same time will keep the starting protective relay, 48,
from funecticning to lock-out the ecuipment. If the cause is
low supply voltage, relay 47 will shut down the equipment., If
the cause is a blown fuse or transformer failure, safety is
secured by connecting one phase of the relay 47 to the same
transformer circuit, so that, if trouble cccurs, the voltage
impressed on one phase of the voltage relay will alsc be low,
cavse a shut-down and prevent restart until the trouble is
corrected.

The circuit to the hall indicator may be neticed
in the upper left-hand corner of the diagram, and it shows
that the indicator isg 1it whenever the running circuit brea-
ker is closed, or wnen the motor-generastor set is running.
This indicator gives the watchman visual evidence that the
machines are in operation, and proper steps can be taken

in case shutting them down has been overlooked.




PROPELIER ¥OTOR.
FCOR¥AL START,

The operation of the variocus devices involved is
considerably different dependinz upon whnether the nmain gen-
erator feéds the propeller motor or an experimental load, The
operation will first be described for the propeller motor and
later for an experimental load. In order to operate the pro-
peller motor, switches 189-2 and 189-C must be closed in the
position conneeting the generator to the motor and switch
1&9-B should be open., On the switchboard these switches are
arranged vertically and the tunnel positicn is the lower throw.
After the motor-generator has been started and brought to the
running position, the propeller motor may be started as fole
liws., If the dood switch, DS, is clcsed, indicating that the
motor access door is properly shut, and the overspeed device,
112, on the propeller moton is in its normal position, and if
neither CS8-44 nor €S-8 are locked in the "trip® pesition,
closing CS~-4 in the %Tloseg™ position will energize relay 103,
since the centaect 42 was closed by the starting of the motor-
generator set. Relay 103 completes its own helding circuit,
as long as circuit breaker 172 is copen, and so the control
switch may be releascd immediately. In the tunnel position
the back contact 18¢-A-e is closed and the make contact 189-
A=-f cpen. A second contaet of 103, fed through 189-A-e, now
completes the circuit to 141-X as soon as auvxiliary relay
170-X is closed., The latter will be closed if the generator

rheostat, MR=2, is "all in®, indicating that the generator
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voltage is at a minimum value. The circuit is shown farther
to the right, whereby auxilliary relays 170«¥ and 170«Y are
energized through the limit switch "VR-2, lower". Interlocking
circuits describsd below are arranged to run the rheostat to
this pesition as soon as the circuit breaker 172 opens, so
that if 170X is not closed, it will close as soon as the
rheostat has had time to reach the "all in" position. 14l-X
then operates, completing the circuit to the field breaker
closing coil, 141, and closing this breaker. This operation
enersizes the field of the propeller motor, as shown in the
lower row of connections, through the rheostat, FR«5, from
BN and BP. An auxiliary contact of 141 completes the circuit
of 141-XR, opening the contacts of 141-X and deenergizing the
closing coil, This breaker is latched in and will remain
closed until 141-T is energized or the breaker is tripped by
hand., This same auxiliary contact completes the eircuit to
172=-X through a third c¢cntact of 103. Since 1&9«A-f is open,
this circuit can be ¢ompleted in no other way. The closing of
172-X energizes the closing coil, 172, elesing the cirecuit
breaker, 172, which connects the generator to the motor
armature, as shown by the main direct-current connections.
With both field and armature energized, the motor begins to
rotate. As soon as the ¢ircuit breaker starts to close, the
back contact 172, in the holding circuit of 103, opens, open-
ing 103, if the control switech has been released, The cpening
of 103 deenergizes the coils 141X and 141-XR and attempts

to deenergize 172-X. However, 172-X ?arallels the contactof

103 with one of its own, so that it does not open until the
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closing operation of 172 is completed. Then 172 1is clcsed, an
auxiliary contact completes the circuit of 172-XR, which then
copens both contaects of 172X, deenergizing 1l72-X, 172-XR,

and the closing coil 172, If the controel switch has not been
released, relay 103 remains closed and holds in 141-X, 141-XR,
172-X, and 1l72-XR. However, the release ¢o0ils141-XR and 172-XR
have been been energized, sc that the contacts are open and
the closing coils not energized. Yhen the control switch is
released, 103, 141-X and 172-X return to their initial posie-
tions, If 141 or 172 should irmediately open, they would not
azain attempt to close until the control switch had been re-
leased and again operated, because of the action of 141-XR

and 172-XR. This arrangement prevents “pumping® in case of
overload or other tripping condition while the control switch
is closed. The circuit breaker 172 is latched in by the holding
coil, 172-1, which is energized through contacts 42, IS, 112,
provided CS=4, CS«=8 c¢r PB-S are not closed in the "trip® pos-
ition.

The same starting operaticn as descrlbec above may
be cbtained by operating CS-8 at the ocbservation room speed
contrel panel, instead of CS-4, the only difference being that
C5=-8 is fed through contact 189=A-e so that it will be effect-
ive during cperation of the tunnel only. The connections of
103, 28 described, are necessary in order that 103 will be
deenergized when the circuit breaker, 172, is closed and not
hold the breaker closed when it is tripped by its series over-

load eoil, marked "0.L. Trip" on the drawing.
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PROPELLER MOTOR
HAND EPEED CONTROL,
After the propeller motor has been started, its
speed may be controlled either hy hand, at any one of several
control switches, or vy the speed regulator. Regulated control
will be described later. For hand control it is necessary to
place the transfer switch, 143, in positions 1,2, or 3, and
if in position 2, transfer switch 197 must not be in position
3. Position 1 of 147 allows hand control at CS-5, which is lo=-
cated at the "C" switchboard, position 2 transfersg contrel to
the observation rcom gtation, and position 3 transfers it to
the balance room control station., Control for position 1 will
be deseribed first, in which case it is obtained by operation
of CS~5., Closing CS-5 in the "raise® position completes the
circuit from BP-7 through 143-1 to wire R4, If the armature
current drawh b, the propelley motor is below a definite limite
ing value, the back contacts of 118 will be closed. Since 172
has been closed, and the "raise® limit switeh of IR-2Z2 will be
closed until ¥R-2 is "all cut®, 170-R will then be energized.
Ag 189-2-7 is open, tho ecircuit in parsllel with the 172 cone
tact is open. The closing of 170-KE energizes the motor of MR-2
through one cf its series fields, causing it to run in the
direction which reduces the resistuance of MR-Z and therefore
increases the voltage of the main generator. The field of the
generator is supplied from the 5 K7, execiter No. 7 which is
excited from the busses BN¥-1l and BP-2 through the rheostats

HR=-2 and R-3., Under hand control 193-E is deenergized, so that
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PR-2 is effective and HR-3 short-circuited by a back contact
of 193=B. The voltaze of the exciter ig therefore determined
by the position of HR-2, which, conce determined, is left un-
changed. This rhecstat is loecated a2t the rear of the "B®
switchboard. ¥ith constant field on the propeller motor, its
speed is determined by the voltage impressed on its armature,
or the voltage of tic wmain generator. With constant exciter
voltage, the latter is determined by the positicn of IR-2,
or, in other words, the speed is determined by the amcunt of
resistance inserted by MR=-2., Therefore CS-5 is held closed
until the speed rises nearly to the desired value, and is
then released, The speed will continue tc rise slightly, due
to the time lag between a8 change in field resistance and the
corresponding change in propeller speed, and will then remain
guite constant, If a higher speed is desired, the process is
repeated. If a lower speed is desired, CS-5 is closed in the
"lower® position, and 170-IL is thereby energized, provided the
rheostat is not at its lower limiting position. 170~1L ener=
gizes the rhecstst motor through the other series field, caus-
ing opposite rotatien, an increase in resistance and conse~
quently a reduction in propeller speed.

If the rhecstat ig run te either extrene positioh,
it opens the corresponding limit switch back contact, stop-
ping the rheostat motor, and closes the make contact which
lights a correspcnding indicator on the "C" switchboard. 2s
the speed is raised, the armature current drawn by the proe

peller motor moy become exeessive, In such case relay 118
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will operate, cpening the ecircuit of 170-R and stopping the
vheostat motor until the current has again come within the
limiting value, 170=-R will then reclose and more resistznce
will be cut out, until C8-5 is released.

If 143 is changec to position 2, control is trane-
ferred to the observation room panel. Here a subsidiary trans-
fer switech, 197, allows control to be further distributec. In
position 1 of the latter switeh control is obtained at CS«6
on the panel, In position 2 control is transferred {0 an ex-
tension push bution, PB-10, In either case control is the
same as for CS-5 after the station has been put in control,
and need not be further described. In position 3, the speed
is regulated and the control will be described in connection
with regulated speed control.

If 143 is changed to position 3, control is trans-
ferred to CS-7 at the balance room speed control station. The
operation is identical with that of CS-5, If the treonsfer
from one hand control station to another is made during oper-
ation, the speed will be unaffected, remaining at the value
previously given it, and the new station may change it to a
value desired.

PROPELLER MOTOR
REGULATED 8SPREEL CONTROL,

Regulated speed control is obtained at the balance
roow station il switech 143 is ¢losed in position 4, It is
similarly obtained at the observation rcoom station if control
ig first transferred to the observation room panel by placing

143 in position 2 and at that panel placing 197 in position 3.
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The speed control is obtained in the first instance by the
adjustment of coarse and fine rheostats HR-6 and HR-7 at the
balance room station, the positioen of the rheostats determin-
ing the value of speed maintained by the regulator, In the
second instance it ig obtained at the observation room panel
by a similar adjustment of rheostats HR-8 and HR-Y, The action
is quite similar in the two cases and will first be described
for control at the balance room station., Clcesing 143-4 ener-
gizes 170-1 through a back contact of 183-C and runs the rheo-
stat, MR-2, to the "all in® position. If the propeller motor
is in cperation, this will reduce the speeu to its minimum
value. This proceedure is made necessary in order to protect
the regwlator coils from possible excessive voltage. Vhen the
rineostat reaches the "all in"“ position, 170-Y will clese, a8
described previocusly. If the regulator switch is closed in the
"Rezg. On" pesition, 183-B and 193«C will be slosed by 170=Y
gnd will be sealed in by a contact of 183-B in paraliel with
the contaect of 170-Y. Operation of 193-C will open the circuit
which ran in ¥R-2 and cleose the circuit to 193-A. The oper-
ation of 193-A compleses the circuit from the pilot generator
armature through HR-6 and HR=7 to the speed regulator main
ccil, 180,

A second nmake contact of 183-B, referred to above
in connection with hand speed control, now short-circuits
MR-2, and the break contact which previously short-circuited
HR-3 ig opened. Control of the exciter voltage is thus trans-

ferred from HR«2 to HR=3, and if these rheostats are set at




different points, the voltage cof the exciter will change.

It will be noticed, however, that tihe contact 190-X is

shown short-circuiting HR-3, and when this contact is closed,
the value of resistance in the circuit approaches zero. The
condenser in parallel is used merely to reduce sparking at
tue contacts. In coperation, as shown below, this contact is
forced to vibrate so rapidly thalt the voltsge at the exciter
terminals is neither that correxponding to the resistance of
HR-3 nor %0 zero resistance, but has an average value between
these two extrermes. Vuen the contacts are closed, the voltage
rises above the average, and when the contacts are open, the
voltage falls below the average. These variations in exciter
voltaze cause variatiocns in the generator voltege, and cone-
sequently variations in propeller speed, However, due to the
inertia of the wachineg, the inductance of the circuits af-
fected and the rapidity of contact vibration, the cscillaticns
in propeller speed are so small that they are well within

the required accuracy. Consequently, after equilibrium has
been eslablished, the speed maintained by the propellern for

given position of wn~2, 18 dependent upon the average exe

.
]

citerAvoltaga and hence upon the relative amocunts of time
the contacfé 190« are open and closed. This phencmenon is
characteristic of 2ll vibrating regulator systems, namely,
that the quantity being regulated is not held constant, but
ig forced to oscillate, the amplitude of the osciliations
being restricted to a sufficiently small value.

As a matter of fact, ccntacts 190-X are merely
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auxiliary contacts large enough to handle the currents in
the circuit. The primary vibrating contact, 180, is arranged
to cause a correspoending vibration of 120«X. The circuit is
shown near the extrene right of the second row «f connections.
A third make contaci of 193-B completes the circuit through
-the regulator switch in the "Reg., On" position to the countacts
1581 and 158«R, and also to the coil 190-X, The coil 190-¥A
is in parallel with 190-X but is energiged only when 180 is
clused. In accordance with Note 1 of the drawing, contacts
190-X are closed when coilsg 150-X and 190=-XA are both ener-
zized, or when contact 180 is closed. Consequently, if 180
vibrates, 190-X will also vibrate, producing the asction de-
scribed above. The monner in which 190 is forced to vibrate
is as follows.

The main element of the regulator consists of a
pair of contacts, 190, opened and closed by the joint action

of two solenoids, 190 and 180-4A, One contact ig attached to

43

a mechanism operated ny the plunger of 190, and the other to
a mechanism operated by the plunger of 180«A, The arrange-
ment is such that low voltage on either coil tends to close
the contacts, but whether or not the contacts will close
depends upon the positicns of both plungers. Ceoil 18¢ is
connected, in serieg with rheostats "R-6 and HR-7 to the
pilot generator, The pilot generator is direct connected to
the propeller motor and has a regulatec constant current
applied to its field in a manner deseribec later., Conse=-

guently the voltage generated and the voltage drop a2cross
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coil 190 will be proporticnal to speed. If this voltage

drop is within certain narrow limits, the plunger of 190
will be balanced at some position between its two stops.

If the voltage is lower, the plunger rests against its lower
stop and if higher, it is pulled up againsgt its upper stop.

Coil 190-f is connected across the terminals of the exciter

of the exciter, If this voltage is sufficiently low to close
the contacts, 190-X closes immediately and raises the exciter
voltage. As the exciter voltage rises, but before it has had
iime to make an appreciable change in the propeller speed, the
contacts cpen due to the action of the coil 180-A., As the con-
tacts open, the voltage of the execiter fails and socon the
contacts close again, casusing the process to repeat rapidly.
The exciter woltage necessary to open and close the contacts
and thereforc the average exciter voltage depends upon the
position of the plunger at the instant the contacts separate,
and this in turn is dependent uvpon the position of the plune
ger of 180, oy in the final analysis, upon the propeller
speed. In other words, for a given position of HR-6 and HR-7,
a given propeller speed will produce g definite average exciw-
ter voltage. But we saw previcusly that a given exciter volt-
age would produce, for a fixe. position of VR-2, a definite
propeller speed., Thus, if we sitart with a given prcopeller
speed, the regulator will hold for each position of HR-6 and
IB=7 a definite value of exciter volisge. If this voltage is

greater than required for the speed at which the motor is
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running, the motor will increase in speed until the pull on
the plunger of 190 is sufficient to raise it. If the plunger-
was resting agsinst its lower stop, the exciter voltage pro-
duced would take its maximum value, and remain there until
the plunger started to rise. As the plunger rises, the average
exciter voltaze decreases, decressing the rate of rise of
speed gradually to zero. If the exciter voltage falls suf-
ficiently, the speed may even decrease slightly, This, how-
ever, increases the exciter voltage, the speed again rises
and the precesgs is repeated, If the plunger of 150 is proper-
1y damped by dash pot adjustment, however, these swings in
speed are rapidly dampe« out and the system settles to equi-
librium at such a speed that ihe average exciter voltage
held by the regulater is just sufficient tc maintain the
speed of the propellier motor,

It may happen, however, that for the original pos-
ition of IN=2 the maximum value of exciter voltage is in-
sufficient to obtain eguilibriuvm, In this case, if it were
not for the auxiliary element to be deseribed, the speed of
the propeller motor would rise to the wvalue correspcnding
to the maximum exciter voliage and remain there. To over=-
come this difficulty and, in short, to increase the speed
range, an agxiliary element, 158, is connected in parallel
with 190=-A and is provided with twe contacts, one of which
cleses when the exciter voltage exceeds a definite limit,
and the other when the wvoltage falls below a lower definite

value. The closing of the upper contact reduces the resisg-
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tance of MR=-2 and closing of the lover contact raises it,
The ecircuit is seen near the risht of the second row of cone-
nections. As described previcusly, the closing of one of the
wake contacts of 193-B, through one pole c¢f the reguvlator
switch, connects thg contacts 158-L and 158-R to BP-2, As
these contacts close, they change the resistancz of ¥R-2 in
the same manner as cne of the coatrol switches. Thus if the
voltage of the exciber produced b: the regulator ezceeds
the c¢losing wvoltage of 1858-R, thne resistance of 'H-Z is de=
creasec until the regulator reduces the excviter voltage
again below the olosing voltage of 188-R, indicating that
equilibrium is being approached. Vith the voltape between
the limiting values of 158, the rezulator has complete control,
but if the regulstor requires o volitage outside these limits,
the rhecstet, IM=2, is sdjusted until the requirements of
the regulator are in the proper region.

If the speed of the propellier motor is toc great for
the value of exciter voltage nheld by the plunger of 190 in
- the corresponding position, the specd decreases until equie
librium is establighed in a similar menner 1o Lhat described
above for an increase in gpeed., If, cduring the process, the
exciter voltage falls belcw the predetermined vzlue, the po-
sition of ¥R-2 ig correspondingly changed so that the exciter
voltage is held within the proper limits whenever the system
is in equilibrium,

¥hen the regulator is first placed in control by

the closing of 192-A, the sgpeed of ihe peopeller is at its
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minimum value, as mentioned previcusly. The regulator then
immediately increases the speed of the motor until equili-
brium is established, corresponding to the setting of IIR-6
and HR=7, If it is desired to chenge the speed held by the
regulator, it is merely necessary to change the resistance
in either or both of these rheostats. One is use: for coarse
adjustment and the cother for fine. An incresse in resistance
causes tine voltage drop across 180 te fall and the regulator
immediately increases the speed until it is again in equili-
brium and the voliage drop across 190 is within the proper
livits. & decrease in resistance causes the voltsge drop to
increase and produces a cgrrea onding decresse in speed.
Care should be taken nct to reduce the resistance too rapide-
ly, as this impresses » high wvoltazge across 1890, which may
dsmage it.

It is desirable to bs abie to place the machine on
the regulator withovt shutting down., If the regulater were
connected immediately at the speed 2%t which the motor was
running, it might happen that the speed of the moteor was very
high and the resistance turned 1&»0 R=8 and HR-7 very low,
correspending to a low regulated speed. The voltage produced
by the pilot senerator under these conditiong is many times
the normal voltage across 180 and seriousdamage to the regu-
lator or its resistor would probably rcsult. To avoid this
conditicn, the circuits are so arranged that the reguvlator
can be connected only when the propeller speed is at its

minimum value,
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Then regulated speed control is desired at the obe
servation room panel, switch 143 is placed¢ in position 2 and
187 in position 3. A circuit through the contacts closed in
these positions and another back contact of 193-C runs the
rhecstat NR=2 to the "211 in" position in the same manner as
avove., Relays 193-F and 193«C are then enerzgized in the same
manner as before, but the circuit is through 143-2 and 197-3

instead of through 143-4., When 183-C closes, it now completes

connects 190 to the pilot generator, but this tiime througn
HH=8 and HR-9 instead of "R«06 and FR-7. The acticn oi the
regulator is now identicsl with that described except that
HR=-E replaces MR-6 and [[R«9 replaces [R=7,

Wnen operaving under regulated control and the swite-
cnes 143 or 187 are chanzed g0 that the regulator connections
are vrcken, !R-2 remains in the same position. The opening
of 193-B transfers control of the emciter voltage back to
IR-2. The voltage seld by IR-2 will probably be slizhitly
different from that held by the reguiator so thst =z slight
change in speed will result, which may ve either su increase
or a deerease. To keep tinis speed change a minigum, it is
desivable to hieve HR-Z so set that the voltage produced by
it will be within the limits of voltage maintained Ly 158,

The action ¢f the current regulator which naintains
the current constant in the pilot zemeraftor field is as fol-
“lows, The main circuit may be traced from BH-1 throuzh the
field, one pole of the 2 P,D.7”. Enife switch, the counter-

E.M.F, motor armature, the cther pcle of the switch, coil
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157, HR-4 and contact 141 to BP=1l. As 141 is cl:ised when and
only when the propeller motor is in operation, this field
circuit is closeu whenever the motor is running. The 2 P.D.?.
switeh is furnished as = disconnecting switch for the counter-
TeleF. mobtor and is made deouble throw only because it was
convehient to match the contact reversimg switches for 190
and 120-X, which had to be double throw. The countsr-F.1.F.
metor ascts as en additionsl resistance in series with the rheo-
stat HR-4, but the eqguivalent wvelue cof this resistance depends
uvpon the fleld ¢f the motor and hence upbn the action of 1857,
since the contact of 157 short circuits the field when it is
clesed. When the current through 157 falls below 2 critical
value, contacts 187 close, short-circuiting the field, re-
ducing the counter-f.M,7. intcrpose: by the motor, or in
other words its effective rescistance, and raisirs the cur-
rent. The inerease in current opens the contacts, the effec-
tive registance increases, the current decreases, and the
contacts close azain, thus setting up 2 vibrating action
which meintains a constant average current. The coil 157-4,
with its resistor, is connected across the field terminals
and acts as an anti-hunting device. It is wound in cpposi-
tion to the main coil, 157, and actg cn the s=me plunger.
Yhen the voltage acrcgs the field is high, 187-4 causes the
contacts to elese sconer than they would otherwise, zand

when it is low, it cauvseg them tc open sé@er. The amcunt of
overtravel which would exist if 157 operated alene is thus
reduced and the maximum and minipum current values =are closer

te the average.
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PRCPELLER MOTOR
KORMAL SHUT=-DOWH,

To stop the propeller metor, it is necessary to
close CS=4, CS«8 ¢r PB-9 in the "trip® position. This short-
circuits the holding coil 172-H which keeps 172 latched,
CS=4 ghorting directly from BP=-5 and €S-8 and PB=9 from K-4,
so that they are effective during tunnel operaticn only. 172
immediately opens, disconnecting the propellier motor armature,
and an suxiliary contact completes tne circuit to 141-T,

through a back contact of 103, and a make auxil.sry of 141.
Since 103 'is now copen, this trips tue field breaker, 141,

and deenergizes the propeller motor Tield, the discharge con-
tact 141 elosing and allowing the field to discharge through
the fileld rheostat, HR=5, and the discharge resistor, DR«5,
The trip coll circuit is ojened by the opening of the aux-
iliary contaet 141,

The cpening of the make countact, 172, in the cir-
cuit of 170-R prevents the raeostat, ¥i-2, being raised by
cany of the raising contacts, since 189=-2-f is open in the
tunnel position. At the same time, a back contact of 172,

through 189=A-2 cr 186=-1, if it is closed, runs the rheostat

Lt

to the "211 in" position, ready for the next start. If the
regulator is in operation, it will continue tc¢ vibrate as long

as the wotor generator runs. Sinee the pull on the plunger of

&

1

[Xe}

0 is now zero, the latter will drop against its stop and the
exciter voltage will rise to its maximum value,

If the main motor-generater is stopped, suxiliary
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contaet 42 in the circuit of 103 and 172-H will open, open-
ing 172, and the remaining operations, with one exception,
will fc¢llow as described above, so tiwwt the propeller moior
is immediately disconnected upon stopping of the main motore
generator set. Tiie opening of 4 deenergizes BP=2 s¢ that IR-2
can not be run in., However, as soon as BP-2 is again ener-
gized, this operation ic completed as described above, In
caze the motor generator is stopped b; loss of control power,
sufficient voliase may not be available for tripping the
field circuit breaker, 141, This causes no trouble because
the field of the propeller wotor is f2d from the same source
and if the source fails, no energy will be supplied to the
field even if the breaker remains closed. &s soon as control
pover is restored, the tripping circuit will be completed
and the breaker opened.

Thug the propeller motor may be disconnected in
three ways. Iv 1ay be disconnected directly by its own con-
trol switch, or it wmay be cut off by stopping either the
main motoregenerator or the controltmotor-generator.

If the closing operation has been started by the
closing of 103, but the propeller motor has not yet been
connected, because, for example, the rhecstat has not reached
the ™all in®" position, the operation nmay be interrupted by
closing CS-4 or (€S-8 in the "trip" positioa. This short-circuits
103 and causes it to drop out. If the operation had progressed
ag far as the clesing of the field breaker, 141, but 172 had

not closed, the ocpening of 10Z completes the circuit for 141-T,
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thus opening 141, This sequence can not be obteined with PB-9,
so that the latter will not prevent the completion of the
starting operation once it hasg been started.
PROTECTION, WITHOUT LOCKOUT,
1. FOMENTARY OVERLOAD.

In the normal shut-down secuence described above
it may be noted that the openinzg of 172 causes the complete
seqguence to follew. This is true regardless cf the reason
for the opening of 172. If a momentary overload occurs, the
series overlcad coil of 172 will trip this brezker directly,
causing a shut-down of the propeller motor. The motor may
be immediately restarted by the uvsual starting secuence.

2. OPENING OF FIFLD CIRCUIT BREAKER.

If the field cireuit breaker, 141, opeuns for any
reason while 172 is closed, 172 is immediately opened., A
circuit from wire E-4 through a back contact of 141 and a
make econtaect of 172 short-circuits 172-H, causing the breaker
tce open immediately. With both circuit breakers open, all
otner operaticns follow in the manner of 2 normal shut-down.

PROTECTION, MACHTNE LOCKED-CUT,
1. CVERHZATING OF PROPELLER MOTOR.

If che propeller mobtor overheats, velay 168, which
has a temperature bulb in contact with one ¢f the motor come
mutating field poles, will be operated,'closing its contacts
and operating 86 through one of the annunciators of 30. This
will cause shut-down both of the propeller motor and the

motor-generator set. Relay 168 nust be reset by hand and as




93

the relay is mounted on the front bearing bracket of the
propeller motor, an inspection of the motor must be made.
2. OVERHEATED BEARINGS.
If the main bearings of the propeller motor become
overheated, one of the two relays 138 will be energized, oper-
ating the lock-out relay and causing shute-down in the manner

Just desecribed for relay 168, These relays are alsc hand reset,

)

reguiring that the bearings be inspected before the vamchines
may be restarted.
3. OVERSPEED OF PROPELILER FOTOR.

In case of overspeed of the propeller motor, the
cverspeed device will be cperated, opening thz circuvit to
172-H and causing shutedown in the same manner as Jdescribed
for the opening of 42 under "Hermal Shut-down™. This device
is hand reset and the wobtcr can not be restarted until the
device is reset. The overspeed device is located at the end
cf the pilot generator shaft and cen be reset by means of a
sultable bar through the louvres in the tail of the fairing.

ZISCELLANTCUS,

I the access door to the tuunnel whieh is cprosite
the propeller motor is opened, the door switch, I'S, is open-
ed, causing the propeller motor to be shut down until the
door is closed again,

I¥ may ©e noticed that orie set of "stop" contacts
of CS8S-4, C8=44, and €S-8, if closed, will short-circuit coil
103. Thus, although CS-4A is otherwise inoperative, if it is

neld or latched in the ¥trip® position, it will prevent the




starting of the vpropeller moter. This may be used as a salfety
measure to prevent somecne at the "C®* switchboard starting
the wmotor when, for example, men are at work at the *"B®

switchboard and recuire the use of the motor-generator for

testing.




O
&
.

EXPERIV¥ENTAL T.OAD,
NORYATL, START.

If the main zenerator is connected to an experi-
mental load through the switches 188-A and 189-B or 189«C,
depending upon whether a shunt or differential-compound cone-
nection is desired, the starting operation will be considere
ably different from that of the propeller motor. The closing
of 18%«~4 in the "Fxperimental Noad® position will open con-
tacts 189=A-¢ and close 189=L-f, The opening of 189-A-e ren-
ders CS8=-8 inoperative and starting mﬁst be acéomylished by
means of CS-4. If an interlocking arrangement between the
pogition of IR=2 wund the closing of 172, as described for the
propeller motor, is desired, the interlocking switech, 196,
should be placed in the 196-1 position. If it is desired to
be able to close the circuit breaker, 172, at any voltage
on the main generator, this switchh should be place« in the
196-2 pcsition.

Tt will first be assumed that this interlock is
desired, and 196-1 is closed. If !M-2 ig not in its"all in"
position, it will be run there by means of a circult ener=
gizing 170=R through a back contact of 172 and one pole of
196-1, Yhen GS-1 is closed in the "clos™ position, 102 is
energized in the sawme manner as previously described for the
propeller motor. The contacts of the overdpeed device,ll2,
and the deoor switch must, of course, be in the proper posi-
tions. It would ve a simple matter to arrange an auxiliary
contact, 18¢-A-f, to short circuit these devices in the ex-

verimental load position, but no contact was aveilable on the
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asuxiliary switches, and it was nct considered worth while to
add it unless the use of this type of load justified it.

If 170-X% is now closed, indieating that TR-2 is
"all in®, 172-% is immediately energized, starting from BE-1,
through 170=X, 196«1, 189«i-f, ccil of 172-X and contact 103,
The clising of the circuit breaker, the opening of 103 and
172-% are the game as described for starting the propeller
motor. However, in thisg case the {ield circuit breaker, 141,
is not closed, because the cpening of contact 1liJ-i-e in the
circuit of 141X prevents the energizing of the istter,

After 172 is closed, connecting the generator to
the load, the voltaze way be brought to any desired valuve

by setting 143 in positicen 1 and operating C8-5. If degired
o & i\) ]

,4

voltage contzol nay be transferred to any of the cother cone

(6]

trol devices in the same manner as for the propeller speed
control. If the regulater should he connected, the veltage
weuld immediztely rise to its maximum value, because the

plunger of 190 would never be picked up, and resting against

its lower stop the voltaze of the exciter would exceed the

O

setting of 156&-R and the rheostat IHR-2 would be turned "all
out” b, the action of 158=R.

If 196 had been placed in the 196-2 position, VRe2
would not be turned in vy e opening of 172, The circuit
which normally deeg this is completed through either 18%-fee

or 198=1, both ¢f which are now open, Alsc the circuit of

et

70-R is nc longer opened by the onening of 172, since a

parallel circuit through 18%«-A-f and 196-2 keeps this circuit
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closed around the 172 contact. Conseguently 'M-2 can be set
at any point desired Before 172 is closed.
If CS8~4 is now c¢losed, 172-X is enerzgized through

196=2 and 1lE€9-A-f as soon as 103 closes, and 172 immediately

o

clcses. The desired value of voltage obtained in the same
manner as befcre by adjusting €S-0 or any of the other switche-
es which have been put in control by means of switches 143

and 197.

TXPERIV

NOR¥AL SHUT-IQYH,

Closing (S=4 in the "trip® position. chort-circuits
the helding coil, 172-H, openinz the circuit br.osker 172,
and disconnecting the load., If 196-1 is closed, "Re2 will be
run to the "all in" pesiticn, If 196-2 is closed, 1R=2 is
unaffected.

Shutting down the motor-generator opens 42, and this
opens the circuit of 172-}, causing shut-down as just describ-
ed. However, the shu%ting down of ti.e motor-generator deener-
gizes EP-2, and centrol is not aveilable for running in VR-2,

in c¢ase 196=1 is closed, until the motor-generator is started

PROTECT ION,
1. MOIENTIRY OVEERLOAD,
In case of overload current excesding the setting
of the "0.L.Trip® of circuit breaker 172, the breaker will

be tripped and ghut-dowvn will occur as describe. above.
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KISCELLANEOQOUS,
Ais described previously in conunection with %he pro=
eller motor, CS8-44 may prevent starting if it is held or
latched in the "trip" position. In this case, (S8, although

octherwise iroperative, alsc has this rroperty.

CCNTRCL AT &¥UI-PORTADBLE PANFL.

If trancsfer switch 95 is closed in position 95-2
instead of pcsition 906-1, all control operations except those
cf starting and stopping the control motor-generator are trans-
ferred to the gemi-portable contrcl panel. Tn this case lock-
switeh 1, CS-2, €8-3, CS~4 and CS-5 are replaced by lockswiteh
l=4, CB=24, CS—SA, S=4f., and C3-5A respectively., A1l ogerations
previously performed by the former are now performed by the
latter group, and the description need not be repeated in de-
tail, The only caanges of importance are that the spesd reg-
ulator is now inopcsrastive and no transfer switch corresponde-
ing to 143 or 197 is used. Conseguently CS-0A has control of
the motor speed or of the main generator volﬁzége at 2ll times.
In a similar manner to that descriheé above, the lateching of
CS~4 or CB«8 in the trip position will prevent the cperation

of circuit breaker 172 by CS-~4A.
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At the tire this is written, the balance room station
has not been built., In the foregoing analysis the equipment
has been described as if this station were in operation in
accordance with the present plans for its construction. Any
changes which are made from these plans will very probably
not affect any of the equipment already installed and will
larsely be in the nature of additional control features at
this station. In order to be sure of having the latest in-
formation on this or any cother feature which may be changed,
the records of the installation on file in the Yirin:s Tepars-

ment, for use in maintenance, should be consulted,
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VI. COHNCLUSION, The usefulness of any spparatus is
largely dependent uson its accuracy and the convenience with
which it may be operated. Other featurss of prime importance
ars freedom from trouble, the ease with which trouble may be
located and repaired when it does occur and the convenience
with which alteraticns may be made, The wind tunnel scuipe-
ment judgt deseribed is one which may be eagily end guickly
controllsed, with 1ittle or no danger of improrer operations,
from points econveniently located with respect to the aero-
nauvtical ecuipment. The only cquality of tae eleectrical equip-
ment which affects the accuracy of the wind tunnel measure=-
ments is the speed of the prypeller, and this cuality may
be regulated with a high precision at any value within a
wide ranze. lembers of the Aeronsutics Tepartment nave ex=-
pressed entire satisfaction with the aceurscy obiained.

The ecuipment is made up to & large extent of
standard apparatus whiech is rugged in comstruction 2nd has
been found to be adequately designed from its use in other
places, This will tend to reduce trouble to a minimum and
render replacement of worn parts sn easy matter. Such troubles
as have occurred have been found to be neither of a funda=-
mental nature nor due to sericus errors in design. The ar-
rangement of wiring, with all vires entering or leaving a
switechboard available at aecesgiblie terminal blocks and
srouped as far as possible according to function snd route,
renders location of electrical trouble a relatively easy

matter. This arrangement and provision for additions which
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vere allowed in the conduit gystem wherever it was deemed
possible that additienal wiring would be recuired should
simplify to a lorse extent alterations and extensiocns which
time and operating conditions prove to be desirable,

ve are therefore led to the belief tnat this ecuipe
ment forms & successTul solution of the problem of provide
ing a suitable electric drive for the wind tunnel. Tn con-
clusion, the suthor wishes tc gratefully acknowledge the
ccoperation and guidence given by ¥r. L. G. Fenrer, Super-
intendant of the Wiring Deparitment, who exercised general

supervision over the entire installation.
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I Contacts Normally Open.

f Contacts Normally Closed
Operating Coils
Resisfors

Fuse

Ind. Lamp (R =Red,G=GreenW=White)

110 AC.50¢y.
ciA Lighting - | c.18
~i Cir,

027-X
11 Hall Ind.

Vol/t meter was conneched
Ground
/-2829

di Fferently.
detector Lm/:s were noton.

JWT
1-26-29

2]

A-1,BA, C-L.
220 V.

3 Ph. Supply-
e 4

o

]
WDH‘ Sw.

A-10 | B0 C-10
N

%543
1

® 6 @ | 6 e
1 LR-!

KEY TO APPARATUS

Device No. Description Of Apparatus
06 Starting Contactor
027 A.C. Undervoltage Relay
027-X A.C. Undervoltage Auxiliary Relay
0a2 Running Contactor
048 Starting Protective & Transfer Relay
049 Thermal Overload Relay-(Hand Reset)
PB.#1-A Start & Stop Push Button,
Near Machine
PB.# I-B Emergency Stcp Push Button,
Primary Vault
C.S.# | Stort & Step Control Switch,
i Tunne! Confrol, Swbd.
HR -1 97 KW. Gen. Field Rneostat

To Control Bus. 125V.D.C.

See AW-31
+ =
8

Start i § |
ar 29 3.. 3 i Run
06 T T }_ -6 3 042:
Auto.
Trans.

hunt 3 T
p2

@ 9 P Ground

VN-2- = | detector lamps.
|~

After 048 Has Operated ('ﬁme DclaY).lts Contacts

GUGGENHEIM AERONAUTICAL LABORATORY
CALIFORNIA INSTITUTE OF TECHNOLOGY

Are Held In Energized Position By 027

All Apparatus Included In Dot & Dash Line

e BT

SCHEMATIC WIRING DIAGRAM
9% KW.-MG. SET

Is Enclosed In Starfing Compensator Case,

Drawn K.M.Wolfe. Date -4-7-26.

Checked WM Sub.No. Dwg.No.

Approvedg’fd jmﬂ/ 12 AW4 9
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