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UNPACKING THE SWITCHGEAR 
- ·-·--

CAp-TION 

KEEP THIS SWITCHGEAR COVERED 

This switchgear has been carefully packed to 

pt>otect the finish and the delicat.e glass enclosed 1nstru­

Ii1er.rts tibich are mounted on the panel.. The .equipment con­

sists of apparatus ·which must be carefully protected from 

C the weather tand extreme changes in tentpe!'ature. 

.. -
.. ,_ . ., 

I:f' it is necessary to unpack t.he swi t chgea!' be• 

fore final installation, it must be ltept covered, dry and 
• 

warln e-nough to prevent condensation-, until placed in ser-

vice. . ·, 

Great care should be exercised iti uncrat:lng and 
' : 

h�ndlfng to prevent daniag� to the instrumentsj and �dratch-

1'rlg 'the painted ·a urface • 

• /  
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APPLICATION 

These instructions apply to cubicle type switchgear 
supplied for the Aluminum Company of America., Cleveland, Ohio. 

The equipment consists of a. three section cubicle struc­
ture. The structure is fed from a. 2300 volt 3 phase, 60 cycle in­
coming line connected directly· to the bus. The .. synch�onous motor 
circuits a.re controlled by 600 ampere, type "U" 'De-iori' a.ir circuit 
breakers. 

The cubicles a.re numbered from left to right facing the 
front of the structure. Unit #l provides facilities for connect­
ing the 2300 volt, 3 phase, 60 cycle incoming line to the bus. 
Also included a.re a. type JR operating transformer 460 to 230 to 
115 volts, two potential transformers 2300 to 115 volts, a.nd 
mounted on the hinged panel a.re the field rheostats for motors 1 
a.nd 2 a.nd the exciter field rheostat. 

Units #2 a.nd #3 enclose the type U "De-ion" a.ir circuit 
breakers, disconnect switches a.nd the synchronous motor field re­
lay control equipment. On the front hinged panel of units 2 a.nd 
3 are mounted the instruments, relays, control switches etc. 

\...,.., The type 25-U-25;;De-iodicircuit breakers a.re rectox 

5322 
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1 

solenoid operated from a. 460 to 230 V. operating transformer. 
The breaker tripping is accomplished by means of a. ca.pa.citor trip 
device cor::.':'!ected to the potent ia.l transformer. 
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DESCRIPTION OF OPERATION 
/'--
� Procedure For Synchronous Motor Starting 

')722 c· -

-10?'·1 
2 

Refer to schematic diagram shown on drawing 11-A-9202. 
By closing the knife switch on the breaker control relay panel the 
control bus is energized. 

To start the motor turn the control switch to the close 
position and the following sequence of operation will occur. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Breaker closing relay (42X) will pick up 

Energizing closing coil of breaker through a rectox unit. 

Breaker will close and 

Timing relay (48) will start timing. 

Short time contact (48S) will energize field contactor 
(41) and (48X) loading contactor. 

Field will be applied and loading solenoid will be ener­
gized. 

Timing relay will continue to run and if field is not 
applied after a definite time as indicated by 48L, the 
breaker will be tripped through contacts of 48L and of 
field failure relay (40). Also if the power factor is 
incorrect after time indicated by 48L the breaker will 
�e tripped by contact of power factor relay (55). 

In addition to means of tripping breaker and stopping 
the motor as described in #7 above, the following will also trip 
the breaker: 

(1) Turning control switch to trip position. 

(2) Overload as indicated by device 51 

( 3) Under voltage a.s indicated by device 27 

(4) Overheating as indicated by device 49 

(5) Low oil pressure under load as indicated by device OP. 

Capacitor Trip Device 

The capacitor trip device is fully described in Des­
criptive Data 33-130. 

A two pole double throw knife switch is connected in the 
primary circuit of the capacitor trip device. With the switch 
making contact on the top studs, the capacitor trip device is ready 
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for service. With the switch making contact on the lower studs, 

(' 
the capacitor trip device j_s disconnected from the primary source 

"-' a.nd the condenser is discharged. 

5322 
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Relay Settings 

Relays ha.ve been given a. preliminary setting, before 
leaving the factory, ba.sed on data. a.va.ilable. If it is found tha.t 
they need a. d:i.,fferent setting under operating conditions, the set­
tings may easily be adjusted after consulting the instruction 
leaflet included for that particular relay, 
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c 
GENERAL DESCRIPTION OF CUBICLE TYPE SWITCHGEAR 

Cubicle type switchgear is a. type of switching equipment 
which is completely built a.nd assembled a.t the factory, The cub­
icles a.re constructed of structural steel members and 1/8 inch 
thick, open hearth, steel sheets securely welded together to form 
a rigid structural unit that will not warp due to handling or 
changing temperature. 

Cubicle type switchgear combines in one unit, a.ir cir­
cuit breakers, disconnecting switches, instrument transformers, 
bus ba.rs, main copper connections, and swinging instrument panels 
on which a.re mounted relays and metering equipment a.nd secondary 
wiring. 

The lower section of the oubicle is divided by mea.ns of 
a. sheet steel barrier into two compartments. The rear compa.rtinent 
houses the current tra.nsformers a.nd the field control relays. The 
front compartment houses the air circuit breaker, operating mech­
anism and secondary wiring. Between the two compartments is a 
vertica.J. steel barrier which sepa.ra.tes the high tensio!f equipment 
from the breaker mechanism a.nd secondary wiring thus assuring per­
fect safety to attendants and maintenance men. 

A hinged steel door in front of a.nd a. steel barrier be­
low the circuit breaker isolate the breaker contacts and arc cham.­
bers from the secondary wiring and operating mechanism. 

All equipment mounted on the front of the hinged instru­
ment panel is covered so that no live parts a.re exposed, assuring 
a. safety type, dead front equipment. 

A copper ground bus, to which the circuit breaker r.mmes 
and instrument transformer secondaries a.re grounded, runs continu­
ously through the structure. A terminal is provided on this 
ground bus for making connection by mea.ns of a. ca.ble to the sta­
tion ground. 

Complete connections are furnished between the a.ir cir­
cuit breaker, current transformers, disconnecting switches a.nd the 
bus. The bus a.nd connections are insulated with Micarta tubing 
and tape for 7500 volts. Joints a.re insulated by means of mica.rta. 
compound boxes filled with insulating compound. 

The disconnecting switches a.re interlocked with the cir­
cuit breaker to prevent operation of the switches unless the cir­
cuit breaker is in the 11open11 position. This is a.cconiplished by 
having a. rod (which is moved up by the circuit breaker operating 
mechanism) interfere with a. sliding ba.r connected to the discon­
necting switch shaft. The sliding bar cannot be moved from one 
position correspondin� to the "open" position of the disconnecting 
switch to the "closed position or vice versa., while the rod is 
up and the circuit breaker closed. It is possible to operate the 
circuit breaker with the disconnecting switches in either the 

5322 "open11 or "closed" position. 
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The disconnecting switches are gang operated, type LCG 
,... with multiple line contacts. The switches are operated by means 
"- of a removable operating handle which is inserted into a hole in 
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a casting on the disconnecting switch shaft. When opening or clos­
ing the disconnecting switch, the operator should exercise care 
to make sure that the switch is in the fully open or fully closed 
position when the operating handle is removed. This care is nec­
essary in order that proper contact may be secured between the 
silver surfaces of the t.;witob. and also that the breaker may be 
closed. If the switches are not in the fully "open" or "closed" 
position, the rod operated by the circuit breaker mechanism will 
not pass the sliding bar connected to the disconnecting switch 
shaft. 

5 
www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



5322 
Std. 
2r-13 

PREPARATION OF S'rATION FOR CUBICLE TYPE SWITCHGEAR 

FOUNDA'riON AND CONDUIT LAYOU':r 

'rhe concrete floor upon which the cubicle type switch­
gear is to be erected must be designed for sufficient strength to 
withstand the iveight of the structure plus the shock of the break­
ers opening under short-circuit. Provision must also be made in 
the floop for conduit for the contPol wiring and for the ground 
c able. 

Conduit for control wiring and main leads should be in­
stalled in accordance with the conduit layout of the station. 
The ends of the conduit should extend approximately two inches 
above the finished floor and should be located in accordance with 
the cubicle floop plan. If more than one control conduit per 
cubicle is required, these should be in line in the space allotted 
for them. 

SWITCHBOARD FOUNDA'riON 

The preparation of the concrete floor is the only one 
important part of the installation of cubicle type switchgear, 
because simplicity of erection and easy and satisfactory operation 
depend directly upon tho accuracy and trueness of the concrete 
floor on which the cubicles will be erected. rrhe erector should 
note that time spent in assuring accurate, level and the true fit­
ting of the concrete floor during the setting period> will be 
amply repaid in labor saved during the actual erection of the 
switchgear. 

The entire concrete floor upon which the cubicles will 
be erected must be level and in no place vary more than l/811 in 
three feet. 

The fow1dation bolts for bolting the cubicles to the 
floor must be accur•ately placated in accordance with the dimensions 
given on the foundation plan. 

We refer the reader to the publication ''Concrete Floors" 
by the Portland Cement Association for' a complete discussion of 
the construction and finishing of concrete floors. Copies of 
this publication can be obtained from the Portland Cement Assoc­
iation Office in any large city. 
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HA.NDLING OF THE CUBICLE-TYPE SWITCHGEAR BEFORE ERECTION 

The steel cubicles are shipped in complete individual 
units placed side by side on a flat car2 secured together by a 
wooden framework and covered with a housing for protection from 
the weather. Care should be taken in removing the crating and 
bracing to prevent damage to any part of the cubicle. If the 
cubicles are placed in storage prior to erection, they should be 
stored in a dry place and on a fairly level surface to prevent 
unnecessary strains. 

Lifting angles for the top of each cubicle are provided 
for use in moving the cubicles wher•e a crane is available. If a 
crane is not available it will be necessary to sldd the cubicles 
into place on rollers which may be made from pieces of pipe or 
conduit, placed under the wood skids on which the cubicles are 
shipped. 
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INSTALLATION OF CUBICLES 
0 

I 
� The instructions in the foregoing paragraphs have 
.--! described the preparation of the foundation and the concrete floo:t• 
� upon which a cubicle type switchboard can be erected in a satis-
+' factory manner without difficulty. (/.) 

� The erection of the structure should start preferably 
f'i\ i·d.th an end housing, whi.ch may be selected by its number as sho1.rn lf\ 

o n  the general assembly drawing. Remove all cratings and foreign 
material, except skids, from the housing and move it i.nto posi­
tion either by crane or by pipe rollers. 11he rollers should be 
high enough to allow the cubicle to pass over the foundation bolts 
and conduits protruding above the floor·. i4hen in the correct loca­
t ion , remove the rollers and place the cubicle in position. The 
shipping angle bolted across the cubicle foundation angles at the 
rear of c ub:L c le should not be removed until the cubicles are 
bolted do-�rn. 

With a surveyor's level, or an accurate machinist's 
level, check the cubicle foundation angles fo:t• levelness, both 
laterally and longitudinally. These level checks should be made 
at points just inside the front and roar doors. Elevation should 
be corrected by inserting shims under the foundation R>ngle. These 
shims should al1-rays be placed around the holding down bolts. 

Es ta.bl1.sh a base ll.ne a few inches in front of the 
c ubicle. 1J:lhis llne should be pa:r>allel to the desir'ed fr•ont of the 
structure. lv1easu1'8 the distance from the front of the housing to 
the base line a.nd equalize the dimensions by forcing the housing 
in the correct position, thus making the face of the cubicle 
parallel to the baso line. Bolt the foundation angles down se­
curely to tho floor. 

Check the plumbnc;ss of the housing by dx,opping a plumb 
line fi'Om the center· or tho horizontal steel member running across 
the front of the housing at the top of the uppe !' door. Place a 
steel bar ac :r•os s fl'Om ono foundation angle to the other j ust in­
side the door and on it mark the exact center of the cubicle. If 
the point of the plumb bob reg]_stoi'S 1.rith th(; marl{ made on the 
bar of steel, the cubicle is plumbed satisfactorily. If the point 
of the plumb bob fails to register with the mark at the center of 
the housing, the cause may bo due to insufficJ.ent aecuracy in 
levelling the foundation angles, or to distort:Lon of tho housing 
fi•amc due to rough handling in shipment. In the first place the 
trouble may be remedied by chocking and shimming. If the frame 
is distorted it w ill be ovident as the frame members will be bent. 
The bent membors may be brought into shape again by bumping with 
a hard timber. 

The reax• of' tho cubicles should be plu111bed in a manner 
similar to tho front. 
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INSTALLATION OF CUBICLES - Contlnued 

The ne cessity for a c curate setting of the first cubicle . 
cannot be stressed too strongly, as the appearan ce and corre ct 
alignment of the enth'e group is determined by the setting of th1s 
first cubicle. 

Remove the c rating and i.nspe ct the se c ond cubicle of 
the group, and remove the tie bolts from the left hand side. Plac 
the cubicle in c orre ct position adja cent to the erected cubicle 
and level the foundation angles, shimming where necessary and 
align with the base line as desc ribed for the first cubj_cle. Bolt 
the foundation angle se curely to the foundation angle of the first 
cubicle and also to the floor. Check the plumbness of the cubic le 
with the plumb bob as described for the first cubi cle and correct 
if necessary; insert the remaining bolts and bolt the two cubicles 
together. Continue 1n this manner unt:Ll the entire group is 
erected, and thG G_ppearance and workmanship che cked cmd approved.· 
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It is recorruT.endec1 that t�1& grourcd bus connection should 
havs a cross-secti�n of 500,000 c.m. or greater if the soil in 
1el'�_i_ch it is burle·d J�s C)L� su.cil cl1aJ.."lacter� a.s to cause a:t·}_pree_ta.ble 
corrosion. This is es�ecially true where electrolysis from stray 
circuits or contact with dissimilar metals exists. The resistruAcf 
of the soil surrounding a station ground depends on the condition 
of ttte sc:il as "\vell as its chemi:Jal cDnter�.t .. Dl'"l7T:. lo' . .)Se} sai-ld�7" 
o.r f'rc,zen soils 1-r.ilJ have a higl1. resistance as ·:;o1npared \v·lth mens� 
soils; or soils c ontalning ashes, clnde�s or salt solutlon. 

The ground bus on the housings sh�uld be permanently 
connected to the station ground by a cable or bus of cross secti� 
.not smaller than that of the housing gr·ound bus. 'l1his <'!able or 
bus sh.J1.�lcl :nake as di1:sct a c:on:-iectlor. as :oossible bet',veen the 
structu.L•e and the g:;�ouncl and sho:1l·:J. not be run ir1 metal conduit. 

A variety of �ethads is available for providing the 
grotl.ll.dj t�-r:J :Jf wi1i�.;l1 ,.;i.ll ·be c1esc�l?ibed. Ttl·.:: _1)sst grou11d is -::b� 
tained bJ u21Gg a copper or brass plate from 10 to 25 square feet 
a:r ... e a- :i OYJC>r· -'1 ,, .-, 0".' ..... ,, .., "'+ •:. ,_ .: ,.-,,.., .·• <:·.,.,a ·• � ty 0'1·· d 1 /'?II -'-'l.l' ,.... 1K Dv• � , l. a -' '-"''--',;. \J-..l!_._,J_ .. ... .. �:· ..... d . ... (..:.. ),.) ,J(.;..., 1 . .J..i..V.l..&. ··' CJ.. i...J -..N '.J� ' C:W.. .1 - I '- \.Jl '··' • J. ..!...J.. 

number· of l/211 hc1es in tl'Lis sheet. Place the sheet in a p:i. t of 
sufficient depth to insure its �0�ng surr ounded by permanently 
moist ear'th , OL a bed :)f cr�1shed cha:r>coal, two feot thick A con-
nect.i:�n of at least SDC,o:::o ':�.:1. stranded cable should bE: made to 
the plat.;;; by fanning th:r•e::; f\:::<::t :.Jf' the strands .Jve!' tho surface 
and solder1ng them securely. Covor the plate with a two-foot 
layer of charcoal and fj_ll t.:w pl t �vi th earthJ settling it vi th 
a sal t sol�l tior�. 

J� sat�Lsfaetory g�e�.)ur1d ca .. r1 t)e :nad . . r: fl'Oln ter1 pieces of 
l-l/211 galvo.ru.zcd il�on pi�a of suf'f.Lcie:�1t length t-:; reac�h :noist 
oart�1. (n.c;t less t�1an 12 fee t ). D.r.'l'JC thos�� pipes ir-:to the em'th 
pla:.;ing th<.::m S;{HL.--netrically over a.;.l are a  at least 25 feet squar•e. 
Connect aJ.l the p�pcs tog,:;ther> b�I a 50•.),000 c .m. cable, and clamp 
pipe co:msct.icns. Bur'y the cablo a sufficient d ist ance bolow the 
surfac e to prevent mocha�i�al injury. 
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TAPING- lN�TRUCTIONS 
THE F«.LDW/Nt; INST�UCriON.S S'HIJIII.D 8£ FCLI..OWED IN TAPINt:; RL L 

HAl IV CONNECTIONS liS lf£t1111H£tJ t:JII/ HI TAt. £NCLIJSEO .SWITCifCiER,fl.. 
S£1 lfPVIPH£11/T IN.SrHVC:TIIJN 11�01( FO tfl _.£(/11/HE.O r.t�;-/Nt;. FOif ,...,HJf/1"1111'1 
SAF£rY OF rHE �(jiii/PH#'Nr I:ID Nor FA/� 70 C:t:>I"TP�4'r£ rAP/Nt; 6£FDH£ PurrtNt; 
IN .SEHVIC£. 

lAYE.RS Of HALf-LAPPE.O 
V.C.TAPE (SEE TABLE) 

�qff/1!/,:l/)1 � 
fJNI5HING LA'\'ER 

HALF� LAPPED COTTOM TAPE 
CoRD op. �Ew END& oF TAPING! FoR 
PERMAM£NT FA$TEN1Niir. TAP£ WITH FRICTION 

TAPE FoR TEMPORARY FASTENING. 

� - -����� LAsT LAvE"- ConoN TAPE 
H�LF-LAPPED AND Seweo. 

FIG. I 

CABLE CONNECTION flu.l. 

HALF -lAPPED VARNISHED CAM81\IC TAPE 

Bus SPLICE FIG.� 

SERVICE LAYERS Of 
V.C. TAPE 

"A" 

VOLTAGE CREEPAClE 
�--�7�5�0----�--�3-----+----'----� 
1-·--2._50_0 ·---�----4.:..__ __ -+--.:...' --� 

4-000 5 I 
�-4-5�0�0c ____ 

�--�6� �It ___ _, 

1--__:6:..::6::.::0.::.0 _______ � ___ 7 ________ li __ _ 

7500 8 li 
1--....:....::.-=---

-- 1-------- --- · --,-- .. ----�___;_13=--'Z.�O,_,O,__ __ �--�' 2.�. l! .T'o. _ _L_ __ 

15000 13 d To Z 
I---2.::..::5 . ..::..09_Q__ �---·--=-I::::.S. __ �....::E:::.:N::::.fwi :::.:N . .::.:£E::.:.R:::S._-I 

37000 2.& INSTI\UGTION5 

WRAP WITH HAl.!"- LAPP£!) 
LAve:�t� or Ul .010 VARNI!>HEO C.AM&Ric. 
TAP! (W. E.II.M. Co. No.J2..'-6l"N TI\EATED 
CLOTH.) APPLYINCi 1\f> MIIN'V LIWER� lilt> 
GIVI!N 11'1 'THE 1'1&011& TABU!. APPLY A 
COI'tTOF11339S IN5ULATINc;. VARNISH 
BETWEEN LA't'ERS. 
TAPE OVER THI! (A"''I!HIIC. WITH ONE 
LA'VER OF •.!! .OOT COTTON TAPE fiND 

WRAP 'THE EIIIDS WITH CORD TO 
KUP THEM IN PLI'IGC. F'1Nif>l1 WITH 
I (.OAT OF' 8LAC.� ::Oit.EIJ.Ac. M-11�3 1\NO 
ICOAT OF BLACK INSULIITII'IG VARNISH 
1'11-1736. 

Taping Instructions - Dwg. 823949-12 
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