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FULL AUTOMATION OF A 8IG AIR COMPRESSOR PLANT,

Dr.Arthur M. Seligman,Professor Fmeritus

Enginsearing Department, Gannon College,Erie,Pa,

1.) GENERAL INFORMATION,

The air compression plant has 6 rsciproce
ating, horizental,duplex, double~acting,
water-dooled cempressors, drivaen directly
by 257 Rpm synchranous motors. The "Low
Prassure" compressors (# 1 to 4) are da-
signed for 45 psig with a total capacity
of 5700 cfm and resquire a total of 785 HP,
whersas the "High Pressure” machines (#5
and 6) deliver 2210 cfm at 110 psig, re-
quiring 450 HP togsther.

The full automation obviatad the cantinu-
ous attendance of an operator ( 4 men to

share 21 weekly shifts), and paid for it-
self in less than 2 years.

The following is a condensged description

of the complete system, although some feat-
ures were omitted at the time of installa-
tion (e.g. the water-saving devices) for
reasons too langthy and not interesting
enough to explain herse.

2, ) NORMAL OPERATION .
2,1.) AIR FLOW,
2.1,1.) Full Capacity Oparation,

Each compressor dslivers its air into an
individual Reecsiver, whoss outlat side is
connected to a manifold for distribution
throughout the plant (sea Fig. 2.)

2.1,2 Capacity Control.
2,1,2.1. Principle.

Constant air pressure is to be maintained
in the system while the demand fluctuates,
The "Dual Control” provides two operating
methods: Either "Continuous Run",whare the
compressor is kept running all the tima,
but idles , wholly or partially, whenaver
the demand is smaller than the full capac-
ity and the receiver prassure,therefora,
begins to rise; or "start-stop",where thae
compressor stops svery time the racaiver
pressure exceads a set level, and starts
again whenever the pressurs drops.The

the first method is recommanded, if and
when demand squals approximately the cap-
acity of the compressor(s), and pumping
and idling periods alternate,thereforse,
fraquently, whereas the second method is
suitable, when the demand is small compar-
ed to capacity and storage volume of the
system (e.y., at night and wesk ends)., A
combination of, and automatic shift be-

twean both methods was selected, whereby
basically sach compressor operates under
constant-run contrel, but will automatical-
ly bs stoppsd, when it idles longer than a
given tims - say 10 minutas - and will be
started again only when required,

2.1.2,2.) Coordination of Several Machines,

As it is undesirabls that mors than one
compressor should cut in or out at the same
time, the control is set up so that with
falling system pressure the "leading"com~
pressor, which carries the basic load,will
cut in First, and only if and when it can
not cope with the demand, the second,called
"trailingg compressor will start, and only
if they both cannot satisfy the demand, the
Following machine(s) will be callad up; con-
versely with rising system pressure the
machines cut out in reversed seqQuence, If
2.9.the demand were more than two, but less
than three machines can handle, two lead
machines would pump constantly, the third
intermittently, while the fourth stands by,
Ubviously the leading machings are sub ject
to greater wear, therefora, the lead is al-
ternated at regular intervals (Sec.2.4,2.2)

2,1,2,3,) Unloading,

The capacity of each compressor, even if it
runs at full speed,, can be hald at five
levels, zero, one-quarter,ons-half,three-
quarter, and full load, thus providing 17
capacity levels for the LP, and 9 for the
HP system,

Tha LP compressors have a by-pass unloading
valvs at sach end of each cylinder, which
when opened ,sends the air back into the
suction line rather than have it compressad
and pushad into the discharge,thus glimin-
ating one quarter of the capacity. 0On the
HP compressors the unloading valves on sach
cylinder end open connactions to "Clearance
Pockets",which ars sized so that each redu.
ces the capacity alss by one quarter, All
these unloading valves are held shut by air
pressure, and open whenever this pressure
is released,

2.1,2.4.) TheBury "MU" -Unlgader,

The very heart of the control is the Mechan-
ical-Pneumatic Regulator, Bury, Typs "y,
see Fig.2 and 8, Its main element is the
Piston Valve 46, movable in cylinder 48;

the pullsy 62, driven constantly from the
main shaft by a baslt, imparts a reciprocat-
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ing motion to the slide 35 through the worm
gear 31,32 and eccentric 29.The Raceiver is
connected by the "Sensing Line"70 to the
Bellows 50, and when the pressure rises,the
Rack 45 will,via Pin 55, Lsver 51,Ties Rod
Rod 56, be lifted, thus engaging Pawl 38,
which pushes Rack 45,(Cross Head 27,and Pi-
ston 46 one step to the right with every
turn of Gear 313 conversely, when the re-
ceiver pressure drops, Pawl 37 engages and
the slids valve is moved to the lsft. With
the piston in the far left position, as
shown, all four Unloading Valves are con-
nected tp the receiver, that is they are
held shut and the comprassar pumps at its
full capacity, whereas with each step to
the right one unloading valve ies disconnec-
ted from the pressure source and vented in~
to the atmosphere, and thus, the compres-
sor is gradually uploaded, until with the
position on the far right it is completely
idling, Spring 59 and Weight 54 allow ex-

act setting of cut-in and cut-out pressures,

and it should be emphasized that not only a
very slight pressure difference suffices

to move the regulator through the entire
range, but that alsq the set points may be,
and have bean, identical for all machines
of sach group, that thus sach of them is
governed simyltapeously by the same devia-
tion; it is not necessary to let the trail-
ing pomprsssordcut in at higher pressures
than the lesading onmes; thus only a very
small differential is neseded to shift the
capacity through the entire range of 16
steps.

2.1.2.5,) Start,Pull-out and Sequencing.

Obviously, only when a compressor idles
completely, the "Quarter Load Ling"({far
right in the figures) will be without pres-
sure, and only when it is completely load-
ed,pressure will prevail in the "Full Load
Line"; consequently, the normally open
Pressure Switches Q and L can supply the

rnecessary information to ths system control,

2 thres~way solenoid valves A and AV permit
control air to reach the unloader, but vent

it to the atmosphere,when one is de-snergiz-

ed, V is energized only simultanepusly with
the excitation of the synchronous motor
(seg Fig.1); thus, during the start-up, or
if the motor should fall out of step, all
cylinders will be completely unloaded,re=-
gardlessjpf the pesition of the slide, The
Av-valves are energized through the L swit-
ches of the compressors leading in the se-
quence (Fig.4); thus, no compressor will
start pumping until the capacity of its
leading caompressor is fully vtilized,

Yet another solenoid valve K in the sens -
ing ling 70 connects the Bellows 50 to the
receiver, when engrgized,but vents it when
de~enargized, in which case the unloader
will shift to full-lpad, regardless of the
pressure; as the K valve is controlled by
the Q-gwitch of the machine naxt in sequen=~
ze, @ compressor will net begin to unlead,
until its trailing machine is completely

idling.

gn the HP machinas pneumatically actuated
Blow-down Valves Y, also controlled hy the
V-Valves, vent all cylinders and the inter-
cooler at stand-still, assuring complstely
unloaded start from any crank position.

2,1.2.6,) Manual Ovarrids,

For starting up a completsly ampty system
(e.g. after vacations or a strike) by-pass
valves on ane machire may be screswed down
by hand temporarily. By manipulating tha
Four-Wway-Cocks FWC and ,thus, by-passing

V and AV, the cantrol and sequencing may

be overridden, (sse Note 8),

2.1.2,7,) Air Transfer,

In this plant the demapd for LP air some-
times excpeds the compressor capacity,
whereas most of the time the HP system has
surplus capacity available for throttling
down into the LP aystem, (see Fig,2).Con-
trol air is taken from the HP through tha
Reducing Valve RV,part or all of which can
escape through the nozzle of the Prassure
Pilot PP,depending on the position of a
flappsr; dropping LP pressure tends to
closa the orifice via Bourden Tube, thus to
raiss the pressure on the diaphragm of the
pneumatic valve TV, causing it to to open
and bleed air down into the LP system in
order to maintain there ths desired press-
urs, However the Solenoid Valve J is gov-
ernad by the Auxiliary Pressurs Switch AP
and the 4 ZZ-switches of the LP compressors
(see Fig,4),all in series; thus, no control
air can reach the diaphragm and no air be
transferred, if either the HP would drop
too low thereby, or before all LLP compres-
sors are fully utilized; the latter con-
straint can be sliminated by a jumper acr-
oss the ZZ-contacts, which will waste sner-
gy, but provide a faster response; the
whole control can be overriden by theFour-
Way-Cock FWC (see Note 8),

2,2,) WATER FLOW,

Fach of the 10 parallel strgams of cooling
water is regulated by a Thermostatic Valve
Thv (see Fig,3) installed near the inlet
and controlled by a fesler bulb near the
outlst, A small,normally open solenoid
valve W opens a by-pass only when the com-
pressor is running (ses Sec, 2.4,2),assur-
ing a prompt response,whan ThY is fully
closed at a stand-still; thus, rapid and
extrame temperature changes on the cylind-
er walls are avoided and yet no water is
wasted, The Room Thermostat Th will de-sn-
ergize , and thus cpen,all W-valves,if
danger of a freeze-up exists, whether the
compressor is running or not.

2.3.) LUBE FLOW,

All running gears have splash lubrication,
One force~feed lubricator for each machine,
balt-driven from the main shaft, suppliss
il to the cylinders and the unloader (see
Fig.10).Lube flow and temperatures are
monitored as described in Section 3,2.3.2,
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2.4,) FLECTRIC CIRCUITS.
2.4.1,) Power Circuits.

The & synchronous motor controls differ

from each othasr slightly, having been pur-
chased from diffarent supplisrs at differ-
ent times, but are manufacturars' standard
and need not be described in full detail,
The diagrams and deseription raefer to unit1,

2300 V, 3-phase AC is supplied to the main
motors M, as well as trarsformers PT and CT,
whereas the exciter sot induction motors

gaet 440 V AC from a $eparate source; 125 v
DC for the motor control comes from thse gene
aral plant natwork, but can yif needed, bs
taken from one of the axciters over an Emer-
gency Switch ECS.

2,4.2, Control Cireuits.
2,4.2.1,) Starting.

The starting command is given by snergiz-
ing Control Contactor CC (to be described
later), closing all its NG contacts; if Sa-
lsctor Switch Sw is in "Auto" position,tha
starter coil XRC is energized and the Motor-
Generator Sat XM started; also the Auxjili-
ary Time Relay ZA,snergized (see Fig.4),clo-
ses its contact aftar a regulabls delay,
during which the DC voltage builds up,and
8anergizes the Main Cgntactor Cy, which puts
ths Main Motor M an the line; the Field Con-
tactor Frequency Relay FCFR senses whan the
motor has accelerated to synchronization,
then causes the Figld Contacts to close and
energizs the field,whersupon the Motor runs
synchronously,

2.4.2,2,

Only the LP system control is shown and ds-
scribad here; the HP aystem control is es-
sentially the Same, some minor variations
(only two units) are obvious,

Suppose transformers PT and CT are on lina -
as they normally are~ and all 4 units are
ready for service, thus the manual H-switch-
88 are in tha shown position; # 1 has besan
sslected as lsading,thus tha Sequance Sal-
ector Switch contacts 14,2X,3X,4X arse closed,
but 1X,2A,3A,4A open, then the Secondary Con-
trol Time Relay ZZ1 will be energized,ons of
its contacts will close and enargize Primary
Control Tima Relay Z1, which over one of its
contacts snsrgize CC1 (AR1 being closed) ang
bring about the start of M1, as dsscribed,
Also AV1 is gnergized through 27Z1, and v1
through FC1, whersas K1 is still de-snergiz~
8d, thus the compressor can take on load;
also through another NC contact an Z1 the
Water Valve W1 will be de-energized and open.

Now, when due to high demand for air # 1 ma-
chine is fully loaded, thus its L-swich clo-
sed, ZZ2 and subssguantly Z2 will be energiz-
ed, but only after a delay,requlable from 10
sac to 3 min; thus, if the dsmand psrsigts
for that pariod, # 2 comprassor will start,
As long as # 2 is pumping, its Qeswitch is
closed and K1 energized, thus pravent # 1
from unloading, Conversely,when the gystam
Pressurs rises, # 2 will unload, but contin-

Seguencing,

354

ve running, # 1 carrying all tha load,
Further pressure riss will unload # 1
partially,and as agon as it runs with 3/4
load only, L1 will open and de-msnargizs YA
which in turn will instantansously de-sner-
gize Z2 ang AVZithus , # 2 will he kept idl-
ing unless and until # 1 is fully loaded
againi howevar, # 2 will continue running
for a time regulable From 30 sec to 15 min
dus to the of f-delay of the Z-switch; only
if not called back to Pumping during that
time will # 2 he stopped via the NO cont -
acts of Zz2, CC2,ZA2, and 22, By means of
these built-in delays unnacessary long id-
ling times (=.9. during nights and on waek
ends) are avoided, as well as too frequent
starts (not permissible for the synchron-
ous starting gears).

To keep the Tunning times for all units
approximately alike thsg lead is to be alt-
ernated Periaodically. By opaning contacts
TA,2A,4A,2X and closing1X,3X,4X,2A (sase
Nots 5) # 2 will be made first ang # 1 last
in the Saguence, whereby the opsn contact
EZX prevents the K1 valvye from being ener-
gized&hrough Q2.

1

To take a compressar off the ling (e.g.

For repairs) turn the manual H-switch to
the opposite position, the umit will then
be skipped in the Ssquence and also shorte-
ed out of the alarm circuit (Seec,3.2.1.1,),

3.) SAFETY DEVICES.,
3.1.) PNEUMATIGALLY OPERATED.

Although Unloadar failure is axtremaly un-
likelx,conVEntional springloaded safaty
valves are installsd at suitable locations,

3.2.) ELECTRICALLY UPFERATED.
3.2.1.) Alarm Circuit,
3.2,1.1,) In-Plant Alarm.

An Alarm Relay AR for sach unit is wired in
saries with a number of switches,any one of
which, when opsned, will de-energize it

with ths following consequences (Fig.4):

2 yellow lamp I{ will light up, locating

the causs of the trouble, one NQ contact
will de-snargize the Alarm haster Ralay AMR,
which then closes its NC contacts, one of
which sounds = Horn, the othar cannects tha
Silencer Relay SR to ane side of the linae.

An ogperator, pressnt at the plant,can then
quickly taks the guilty compressar off thse
line by turning its Heswitch,which will

stop the machine, I'e=-energize AMR and sil-
ance the horn; however, the lamp will rs-
main lit,untilthe rerason has been sliminated.
Fach AR has a secand, time-delayad, NO econ-
tact and, if after elapss of the delay per-
iod (adjustable from O to 3 min) no action
has been taken, this contact will cut aoff
Control Contactor CC and stop the unit,while
the alarm continues, A third, instantanaous,
NC contact will gnergize the ZZ-ralay of tha
compressor next in linas, starting it, if not
already runnings this will happen regardless
whether the unit was stopped by a monitor or
manually, in other words,whensver a machine



ig unavailable for whatever reason, it 1is
automatically skippaed in the loading sequ-
ence, An NC contact on the ZA-reslays will,
whenavar a compressor stands still,trans-
mit the vasnting command from the Q-
switch of the following machine to the K-
valve of the preceding ons, while the open
Ex-contact prevants its (Qeswitch from en-
ergizing its own K-valve,

3.2.1,2.) Remote_Alarm,

Anather NO contact on AMR de-energizes in
case of an alarmtwo Remote Relays RR, loc-
ated at distant points, closing their NC
contacts and putting a siren on the local
powsr lime, this also in the unlikaly case
of failure of the transformer CT or an in=
tefruption of the transmission line. An
operator at the remots site car acknowl-
edge the alarm by depressing a Silencer
Buttan 53, one of whoss contacts will lock
it in after release of the button, the aoth-
er will re-anergize the RR relays, silence
tha audible alarm at the remote locations,
but not the horn in the compressor room,
and at the same time yellow lamps will
light up at the remote stations and remain
lit,until the alarm is cancellad by turn-
ing the appropriate H-switch.(If it cannot
be cancelled,there must be centrol power
failure).

3,2.2.) Power Circuit Protection,

I1f ane phass of the main power supply be-
came grounded,the currents in the Currant
Protective Transformer CPT would be unbal-
anced and the Momentary Cut-out Relay MCR
would mot only de-energize AR und set up

an alarm, but alse (because extremely fast
action is required) diractly and immediate-
ly de-energize Contactor C and separate

the synchronous motor from the line; it
must then be re-set manually.(See Fig.1).

An ob jectionable overload would bs sensed
by the Current Transformer CUT, activate
the QOverload Relays OL,anergize ths "t"
cail of the Trip Relay TRY in the DC cone
trol circuit, which will de-energize AR
and also C, thus stopping the motor; TRY
is mechanically held and cah be re-set on-
ly by momentarily energizing its "r" coil,
which takes place automatically, when the
operator takes the defective unit off the
lirne by turning its H-switch. The same
shut ~dowr sequence can also be dinitiated
by undervoltage (which will also reducse
the secondary voltage «of PT) or by the
fut-of~step Protector 05P, both of which
cause the Underveltage Relay UVR to cless
its NC contact, eor by pushing the Emergen-
cy Stop Button OCB.

The exciter motors are protected by the
usual thermal Overload Protectors OLX.

3.2.3,)Mechanical and Thermal Protectors,
3.2.3,1.) Tamparature Monitors,

Practically every irreqularity in a com-
nressor system, that way lsad to damage or
danger, will manifest itself by a tempera-
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ture rise; thus, a high degree of safaty
can be obtainad by monitoring the temperat-
ures at appropriate points, (See Fig.2 and 3)

Switches U1 and U2 are installed in the com-
pressor discharge lines; valve failure, the
most common trouble,lack of cooling water,
excessive friction (broken piston rings or
stuffing box trouble e.g.), all will result
in high discharge temperature, Temperaturs
switches U3 at the aftercooler outlets
guard against lack of water; U4 and US are
submerged in the crank case oil, ag bear-
ing trouble will raise the oil temperatura,
All these switches are normally closed and
will break their contacts,whenever the tem-
perature exceeds the pre-set value; then
the corresponding B-relay (Fig,7) is da-
snergized, its NC contact causss a yellow
trouble lamp IL to light up, one of its NO
contacts sets up an alarm, as described,
the other is the holding contact and will
pravent the relay to get re-energized,sven
after the unit has stopped and the temper-
ature returned to normal; thus, the alarm
will remain in force and its cause be avi-
dent, until the Cancselling Button CB has
bean depressed,

3.2.3.2.) Lube Moniters,

Liguid Level Switches LL are installsd in
each crank case, wired in series, sach of
which breaks contact at low oil level and
sats up an alarm as just described,

A Flow Switeh LM (U,S.Patent # 3,267,451)
is provided for sach lube line immediately
at its connection to the compressor cylin-
detr (Fig. 9 and 10). The bottom of the V=
shaped cavity is fillesd with mercury, in
which the auxiliary terminals 2 and 3 are
immersed, as leng as no pressure prevails
when o0il is pushed into the switch from
the left,it will push the mercury down in
the vertical and up in the inclined legs
the mercury then rescedes from terminal 2,
but immerses the sensing terminal 1. In as
much as 1 and 2 are connectad to one side
of the line and 3 to the other,the switch
will be normally closed,When flow contine
ues , 0il will be pushed around the edge

of the central vertical lag,bubbls through
the mercury and accumulate an top of it,
After all spaces have been filled, ones

drop will be delivered to the cylindsr for
every drop coming in , and each drop,when
it passes the needls of the sensing termin-
al 1, envelaops it and braaks the contact
momentarily. As long as this happens in
regular intervals,all is well; but if the
0il drop should fail to arrive in time,an
alarm will be given.

-

)

Full veltage prevails betwsan grid and cath-
ode of the Elactronic Timer's Tubes ET (see
Fig, 5 and 6) as long as the circuit on LM
is open, and a charge is built up on the
qrid; when, however, the LM contact is clo-
sed, then grid and cathode are laid on the
same potential and the charge dissipates
slowly through the resistors; as soon as

the grid has become uncharged, the tube



becomes conductive and current can flow
from the cathode to thea plate,which snerg-
izes Relay B8 17, Through proper selsction
of the electrical components the deterior-
ation time is made just a bit longer than
the permissible time betwesn oil drops;
that is, if tha drop arrives in time,it
will allow the grid to be recharged; houw-
ever, if not, B17 will open its NC contact
and, thus, initiate an alarm, light up a
trouble lamp IL 17 and, through its NO
contact, lock itself inm; the alarm will
persist, even if an o0il drop should ar-
rive belatedly, until Cancalling Button

C8 1,7 is pushed.

The LM switchss are sensitive to lack of
oil flow for whatever reason: empty ras-
arvoir, malfunction of the lubricator,e.q,
8lipping belt, obstruction or leak in the
fead line; in the last case the o0il may

be driven backwards, but then contact
would be maintained bstwaan terminals 2
and 3,

One NO contact of CC is wired into the
circuit to prevent alarm when the unit
stands still and o0il flow is not nesded,

Another relay,2 18, will light a lamp

IL 18, if a filament should burn out,its
sacond contact, wired directly into the
AMR line will sound an alarm, but not
stop the compressor; nmo locking contact
is needed, as a burnt-out filament will
not repair itself,

3,2.4,) Manual Overrides and Emergancy

Stops,

In addition to the pneumatical overrides
(Four-way cocks) and the Stop-Button oOC8,
already mentioned, several elsctrical
overrides are provided, which nsed not be
described here, Suffice it to say that
turning the Selactor SW into the "Run" po-
sition will override the thermal and lube
monitors, as wall as the loading sequance;
thess switches are, therefore, locked and
can only be manipulated by an authorizad
person in possession of a special kay.
Also for repairs sgveral manual cut-off
switches are installasd,

3.2.5,)Testing and Measuring.

The usual pressurs gauges, thermometers,
sight glasses, Volt- and Ammeters are
provided, not all of which are shown haere,

When ths one Test Button TB aon each mani-
tor unit is deprassed,all troubls lamps
must light up except IL 9, the alarm must
sound and after the preset time tha camp=-
ressor stopped. To check a Lubse Monitor
buttons LT 1 and LT 2 should ba pushed,
but not simultansously, during a stande
still,Lamp IL ? must then light and an
alarm initiated,After a test every single
Cancelling Button CB must be pushed and
the Selector Sw, if usad, returned to
"Auto", Most tests can be made on the run-
ning machine, but details must be omitted
here.
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4.) A C KNGO W L E D

GEMENT S ,

The equipmsnt was fur
Electric Mfg,.Corp,,fa

facturing Inc,, ¢

Monitor Patent is Mr.
all these aof Erie,Pa,

ing on the site wa

nishad by the Frias
r which the author

o-inventar of the Lube

Nerman J.Andsrson,
i Plumbing and wir-

S done by the Witham

Electric Inc, at the plant of the Univer-

sal Atlas Cement D

States Stegsel Co.,both

5.)

DIAGRAMS

ivisian of the United

in Hudsan, N, v,

«J)_EXPLANATOAY.

NOTES.

5.1
1.)

€.)

7.)

9.)

10.)

In the Symbols the digit before the

decimal point, if
unit (1 to g),

any,dasignatss the

for smergency stop depress 0C8, do
not pull DS an Main Motor.

MCR after trip must be manually ro-set

Turn SW-switch ta

"Hand"” only tag sup-

ply OC to othar units, if main D¢ sup-
Ply is out; see Sec. 3.2.4,and 2.4.1,

Manual Selector Switch ¢ has Several
double-throw poles; whils one pale

is making its mwgw

and breaking its

"X".contact, the others ars in the op-~
posite position; seg Sesc, 2.4,2,2.

Manual H-switches
tacts.

have maintained can-

signifigs "On-dalay"

<> signifiss °

'0f f-delay™n

On the Unloader and [  Transfsr ] Four-
way-cocks (Fig., 2) ths positions are

used as faollows:
I

Load [Transfer 7] constantly

= Automatic —
%%I = Unload [ No transfer 4
IV = Not to he ussd,

Three-way Solsnoid Valve

Normally
open __|

Always Qpen

Nnrmali}.clused
Flow when d-energized &

Flow when snergized

Dash lines in Figq,
tha boundary of th

's 5,6,and 7 delimit
2 sub-unit,



5.2.) SYMBOLS,

ACA Ammeter

AF Air Filter

AHP Auxiliary High Pressure Switch
AWR  Alarm Master Relay

AR Alarm Relay

AV Auxiliary Solanold valve
8 Monitor Relay

C Main Contactor

C8 Canceling futton

cc Contraol Contactor

CK Lube Check Valve

Cand Condansats Trap

CPT Current Proteetive Transformer
CS Cut-of f Switch

CT Control Transfarmer

cuT Current Transformer

Cyl Compressor Cylinder

DCA D C Ammetar

D5 Disconnact Switch

ov Drain valve

£ Sequence Selector Switeh
£C5 Fmergency Connact SWLtCh
) Flectron Tube

F Fuse

FG Flald Contactar

FCFR Field Cuntactar Fraguesngy Ralay
FT Fllqment Transfaormar

FWC Four-way-Cock

G D C Generator

H Manual Cgntrol Switch

He High Prassure Switegh

1L Indicating Lamp

1 L Indicating wWattmeter

J Transfer Solenoid Valve

K Sgnging Lins Solesnpid Valve
L Fuli-Load Pressure Switch
L Lube Level Switch

LM Luba Mornitor

LP Low Pressure Switeh

LT Lube Monitor Test Buttan
Lub Cylinder Lubricator

M Main (synchronous) Motar

MCR
nw
ace
oL
oL X
E

WHM
XD$
X

XRC

ZA
iz

'I‘74

Unloader Machanism.

y ot

"

A
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Fig. 9. Flow Switch

Momentary Cut-out Ralay

Manual Water Valve

Stop Button

Qverload Protector

Exciter Overload Protector

Qut-of-Step Rratector

Pressure Gaugs

Pressura Pilot

Power Transformer

Quarter-Load Pressure Switch

Resistor ‘

Air Receiver

Rheostat

Remote HRelay

Reducing Valys

Sub-pssembly Protective Device

Silencer 8uttan

Slght Glass

Silencar Relay

Timar Sub Asssmbly

SaFaty Ualve

Excitar Selaptnr Switch
(Cantrpl Qverrids)

Test Buttan

Room Thermostat

Tharmaostatic Valve

Trip Relay

Transfer Valvae

Temperaturs Switch

Unloading Snlenold Valve

Slow Vant valve

Solenoid Water Valve

Watt-Huur Meter

Exciter Disconmact Switch

Exciter Motor

Exciter Runnimg Centactar

Blow-down VYalve

Rrimary Contrql Time Ralay

Auxiliary Time Relay

39condary Control Time Ralay

Fig,10.

Lube Piping
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Fig., 1. Power Circuit.
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