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F o r e w o r d 

(This foreword is not a part of IEEE Std 45-1977 , Recommended Practice for Electric Installations on Shipboard.) 

R e c o m m e n d e d Practice fo r Electr ic Installations o n Sh ipboa rd , IEEE Std 4 5 - 1 9 7 7 consti tutes the 
chief undertaking o f the Marine Transporta t ion C o m m i t t e e o f the IEEE Industry Appl ica t ions 
S o c i e t y . 

D u e to the differences be tween the requirements o f the various classification societies and the in­
surance compan ie s in regard to electric installations on sh ipboard , and the lack o f any accepted 
standard engineering pract ice fo r marine installations, the A I E E * in 1 9 1 3 appoin ted the Marine 
C o m m i t t e e ( n o w called Marine Transpor ta t ion C o m m i t t e e ) t o take up the preparation o f standard 
marine rules. T h e first ed i t ion was prepared cover ing t w o impor tan t divis ions; namely , fire protec­
t ion requirements and marine cons t ruc t ion requirements . T h e y were adop ted b y the Amer ican 
Bureau o f Shipping and published as Sec t ion 37 o f their Rules for the building and classing o f ves­
sels. A s the first ed i t ion o f the rules did n o t cove r the entire field o f the use o f electricity on ship­
board , the Marine C o m m i t t e e o f the Institute was con t i nued . T h e r e c o m m e n d a t i o n s were consid­
erably amplified in the edi t ions issued in 1 9 2 0 , 1 9 2 7 , 1 9 3 0 , 1 9 3 8 , 1 9 4 0 , 1 9 4 5 , 1 9 4 8 , 1 9 5 1 , 1 9 5 5 , 
1 9 5 8 , 1 9 6 2 , 1 9 6 7 , and 1 9 7 1 . 

This edi t ion includes many significant addi t ions , changes, and dele t ions . Fo l l owing is a listing o f a 
por t ion o f the r eworked subjects: 

Sect ions dealing with cable have been extensively revised. Cable Cons t ruc t ion , Sec t ion 18 , in­
cludes new materials, cons t ruc t ion details, testing p rocedures , and the in t roduc t ion o f several new 
types o f cable . Cable App l i ca t i on , Sec t ion 19 , includes major changes t o current-carrying capacities, 
effects o f exceed ing single-banked racks, and use o f unarmored cables . Cable Installation, Sec t ion 
2 0 , includes changes to cable suppor t spacing, water tight penetrat ion m e t h o d s , and cable splicing. 

Med ium vol tage systems have been added in this ed i t ion . Standard voltages recognized in Sect ion 
14 include 2 .4 k V and 4 .16 k V . Swi tchboards , Sec t ion 1 7 , and Con t ro l Apparatus , Sec t ion 2 7 , in­
clude new r e c o m m e n d a t i o n s dedica ted t o m e d i u m voltage equ ipmen t . 

Notab le changes also will be found in Sec t ion 1 7 , regarding arrangement o f swi tchboard equip­
ment ; Sec t ion 2 1 , regarding branch circuit cable loading; Sec t ions 17 and 2 3 , regarding bus bar 
phase sequencing; and Sec t ion 2 3 , regarding use o f nonmeta l l i c b o x e s . 

R e c o m m e n d a t i o n s for i l lumination have been added t o Lighting Equ ipmen t , Sec t ion 3 3 . 
T h e sect ions d e v o t e d to signal, interior c o m m u n i c a t i o n s , alarms, e lec t ronic commun ica t i ons , and 

navigation equ ipmen t , Sec t ion 37 through 4 1 , have been revised t o ref lect current state o f the art 
m e t h o d s and systems. 

R e c o m m e n d a t i o n s fo r t reatment o f electrical circuits in hazardous areas have been revised in 
Sec t ion 4 3 . 

In the A p p e n d i x e s , tables have been mod i f i ed to agree with revised text . Fault current decrement 
convers ion fac tor curves have been added for use in preparing short circuit calculations for ac sys­
tems. 

It should be no t ed that the sect ions under In t roduc t ion have been revised to reflect more ac­
curately the s c o p e o f the standard, and the sect ions under Def in i t ions and General R e c o m m e n d a ­
t ion have been revised to agree with IEEE Std 1 0 0 - 1 9 7 2 ( A N S I C 4 2 . 1 0 0 - 1 9 7 2 ) Dic t ionary o f Elec­
trical and Elec t ronics Terms . 

It is in tended that subsequent significant changes to the standard are t o be made available to the 
purchaser as supplements o r revised pages. Purchaser should fill o u t and return the attached card. 

•In 1963 the American Institute of Electrical Engineers (AIEE) merged with the Institute of Radio Engineers 
(IRE) to become the Institute of Electrical and Electronics Engineers (IEEE). 
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IEEE Recommended Practice for 
Electric Installations on Shipboard 
In t roduc t ion 

1. General 

1.1 S c o p e . These marine r e c o m m e n d a t i o n s are 
intended t o serve as a guide for the select ion 
and installation o f equ ipmen t o n merchant ves­
sels with electr ic apparatus for lighting, signal­
ing, c o m m u n i c a t i o n , p o w e r , and propuls ion . 
The r e c o m m e n d a t i o n s def ine what are cons id­
ered g o o d present-day engineering practices 
with reference t o the safety o f the personnel 
and o f the ship itself as well as reliability and 
durabili ty o f the apparatus. It is r ecogn ized 
that changes and improvemen t s in shipboard 
requirements m a y d e v e l o p which are n o t spe­
cifically cove red herein; such changes, if incor­
porated in the design, should be equal t o the 
safety and reliability levels def ined herein and 
generally in a c c o r d with the tex t o f these stan­
dards. 

Speci f ic IEEE standards are referenced in the 
text . Other IEEE standards should be f o l l o w e d 
t o the ex ten t appl icable . 

A t t en t ion is d i rec ted t o the fact that regula­
tions for electr ic installations o n sh ipboard are 
promulga ted b y Governmenta l Regula to ry 
Agenc ies , the Intergovernmental Marit ime Con­
sultative Organizat ion, and Classification Soc ie ­
ties. Such regulations have been given due 
considera t ion in these r e c o m m e n d a t i o n s , but 
there are areas where differences are expressed. 
Refe rence should always be made t o those 
regulations wh ich m a y be appl icable t o the 
design. 

1.2 Vessel Classification. T h e G o v e r n m e n t In­
spect ion A g e n c y has divided vessels in to the 
fo l lowing g roups : 
G r o u p N o 1—Ocean-going vessels wh ich navi­

gate o n any ocean o r the Gu l f o f 
M e x i c o 2 0 mi o r m o r e o f f shore. 

G r o u p N o 2—Ocean-going vessels wh ich navi­
gate o n any ocean o r the Gu l f o f 
M e x i c o but less than 20 mi o f f 
shore. 

G r o u p N o 3— Vessels navigating the Great 
Lakes o n l y . 

G r o u p N o 4—Vessels navigating bays , sounds , 
and lakes o the r than the Great 
Lakes. 

G r o u p N o 5—Vessels navigating rivers o n l y . 

1.3 Appl icab i l i ty . These r ecommenda t ions have 
been prepared primarily for applicat ion t o all 
passenger and cargo vessels o f groups 1, 2, and 
3. H o w e v e r , this standard should apply general­
ly t o all marine electrical installations in order 
t o assure a consis tent ly high standard o f design, 
apparatus, and installation. 

1.4 Plans. Every vessel should be provided with 
plans giving the c o m p l e t e and detailed informa­
t ion as t o circuits, cable sizes, loads, protect ive 
device settings, e tc , for all systems. A manufac­
turer's name, size, t ype , rating, catalog number , 
o r similar ident i f icat ion fo r all electrical equip­
men t o n the vessel should also be provided for 
the vessel's operat ing personnel . A one line dia­
gram o f the ship's distr ibution system should 
be permanent ly installed so as t o be accessible 
at all t imes t o the engineering personnel. 

1.5 Usual Service Condi t ions . Installations 
should be suitable fo r the fo l lowing usual gen­
eral c o n d i t i o n s o f sh ipboard marine service: 

( 1 ) Con t inuous c o n d i t i o n o f exposure to 
severe mois ture and salt laden a tmosphere , high 
wind ve loc i ty , and ice fo rmat ion encountered 
at sea. 

( 2 ) R o l l , p i tch , and vibration o f a vessel 
under w a y . Installations should be suitable for 
m o m e n t a r y 3 0 degrees roll and 10 degrees 
p i tch and permanent incl inat ion o f 15 degrees 
athwartship and 5 degrees fore and aft. 

( 3 ) Safe and reliable opera t ion o f electric sys­
tems and e q u i p m e n t o n shipboard, which di­
rect ly affect the safety o f a vessel and life at 
sea. 

( 4 ) E q u i p m e n t c o n f o r m i n g t o these standards 
should b e suitable fo r opera t ion at its standard 
rating, p rov ided that the temperature o f the 
c o o l i n g air ( ambien t temperature) does n o t 
e x c e e d : 

(a) 4 0 ° C in quarters, passages, etc . 
( b ) 5 0 ° C in mach inery spaces, boi ler r o o m s , 

engine r o o m s , generator r o o m s , and o ther 
spaces conta in ing heat sources o f considerable 
magni tude . 

1.6 Other C o n d i t i o n s Which May A f f e c t Design 
and A p p l i c a t i o n . Where special cond i t ions exist 
they should be b rough t t o the at tention o f 
those responsible fo r the design and applica-
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t ion o f the qu ipment . Examples o f such cond i ­
t ions are: 

( 1 ) Exposure t o damaging fumes o r vapors , 
excessive o r abrasive dust , steam, salt spray, e t c . 

( 2 ) Exposure t o abnormal vibrat ion, shocks , 
o r tilting. 

( 3 ) Exposure t o excessively high o r l o w tem­
peratures. 

( 4 ) Exposure t o unusual t ransportat ion o r 
storage cond i t ions . 

( 5 ) Unusual operat ing du ty , f requency o f o p ­
eration, diff icul ty o f maintenance , p o o r wave­
fo rm, unbalanced vol tage , special insulation 
requirements, e tc . 

( 6 ) Exposure t o f lammable a tmospheres . See 
Sec t ion 43 . 

Defini t ions and General R e c o m m e n d a t i o n s 

2 . General D e f i n i t i o n s 1 

2.1 cargo vessel. A vessel that carries solids o r 
liquids as freight, and n o m o r e than twelve ( 1 2 ) 
passengers. 

2 .2 quarters. Where used in these r e c o m m e n d a ­
t ions, those spaces p rov ided fo r passengers o r 
c rew, as specif ied, wh ich are actually used fo r 
berthing, mess spaces, o f f i ces , private baths, 
toilets and showers , and lounging r o o m s , smok­
ing r o o m s , and similar spaces. 

2 .3 machinery spaces. Where used in these rec­
ommenda t ions , those spaces wh ich are primari­
ly used for machinery o f any type o r equip­
men t fo r the c o n t r o l o f such machinery , as 
boiler , engine, ship's service generator , and 
evaporator r o o m s . 

2.4 direct current ( d c ) . A unidirect ional cur­
rent in wh ich the changes in value are either 
zero o r so small that they m a y be neglec ted . 
( A s ordinarily used, the term designates a prac­
tically nonpulsat ing current . ) 

2.5 alternating current ( a c ) . A pe r iod ic current 
the average value o f wh ich over a pe r iod is 
zero . (Unless dist inctly specif ied o therwise , the 
term refers t o a current wh ich reverses at regu­
larly recurring intervals o f t ime and which has 
alternately posit ive and negative values.) 

1 In Sections 2 to 14 that portion in parenthesis is 
added by the Marine Transportation Committee and by 
IEEE nomenclature is identified as "discussion." 

2.6 c y c l e . T h e c o m p l e t e series o f values o f a 
pe r iod ic quant i ty wh ich o c c u r s during a per iod . 
(It is o n e c o m p l e t e set o f posi t ive and negative 
values o f an alternating current .) 

2.7 f requency . T h e f requency o f a per iod ic 
quant i ty , in wh ich t ime is the independent vari­
able, is the n u m b e r o f pe r iods occur r ing in unit 
t ime. 

2.8 hertz ( H z ) . T h e unit o f f requency , o n e 
c y c l e per s e c o n d . 

2 .9 single-phase circui t . A circuit energized by 
a single alternating e l ec t romot ive fo rce . 

NOTE: A single-phase circuit is usually supplied 
through two wires. The currents in these two wires, 
counted outward from the source, differ in phase by 
180 degrees or a half cycle. 

2 . 1 0 three-phase circui t . A c o m b i n a t i o n o f cir­
cuits energized b y alternating e lec t romot ive 
forces wh ich differ in phase b y one-third o f a 
c y c l e ( 1 2 0 degrees) . 

NOTE: In practice, the phases may vary several de­
grees from the specified angle. 

2 .11 slip. In an induc t ion mach ine , the differ­
ence be tween its s y n c h r o n o u s speed and its 
operat ing speed. It m a y be expressed in the fol­
l owing w a y s : 

( 1 ) as a percen t o f s y n c h r o n o u s speed; 
( 2 ) as a dec imal fract ion o f synchronous 

speed; 
( 3 ) d i rec t ly in revolu t ions per minute . 

2 . 1 2 e m b e d d e d tempera ture de tec to r . A re­
sistance t h e r m o m e t e r o r t h e r m o c o u p l e built 
in to a mach ine f o r the purpose o f measuring 
the temperature. 

2 .13 e lec t ronics . That branch o f science and 
t e c h n o l o g y wh ich relates t o devices in which 
c o n d u c t i o n is pr incipal ly b y e lect rons mov ing 
through a v a c u u m , gas, o r s e m i c o n d u c t o r . 

2 . 14 loran. A long-range radio navigational aid 
o f the h y p e r b o l i c t y p e w h o s e pos i t ion lines are 
de te rmined b y the measurement o f the differ­
ence in the t ime o f arrival o f synchronized 
pulses. 

2 . 15 radar. A dev ice w h i c h radiates electromag­
net ic waves and utilizes the ref lect ion o f such 
waves f rom distant ob jec t s to determine their 
exis tence o r pos i t ion . 

2 . 16 capac i tor . A dev ice , the primary purpose 
o f which is t o in t roduce capaci tance in to an 
electr ic circuit . 

10 
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Capaci tors are usually classified, accord ing t o 
their dielectr ics , as air capaci tors , m ica capaci­
tors, paper capaci tors , e tc . 

2 .17 capaci tance ( c a p a c i t y ) . Tha t p rope r ty o f 
a system o f c o n d u c t o r s and dielectr ics wh ich 
permits the storage o f electr ic i ty w h e n po ten­
tial differences exis t be tween the c o n d u c t o r s . 

Its value is expressed as the ratio o f a quan­
tity o f electr ic i ty t o a potent ia l d i f ference . A 
capaci tance value is a lways posi t ive. 

2 .18 reactor . A dev ice , the primary purpose o f 
wh ich is t o in t roduce reactance in to a circuit . 

A reactor is a dev ice used fo r in t roducing re­
actance in to a circui t f o r purposes such as 
m o t o r starting, paralleling transformers, and 
c o n t r o l o f current. 

2 .19 reactance. T h e reactance o f a po r t i on o f 
a circuit f o r a sinusoidal current and potent ia l 
difference o f the same f requency is the p r o d u c t 
o f the sine o f the angular phase di f ference be­
tween the current and potent ia l d i f ference 
times the ratio o f the effect ive potent ia l differ­
ence t o the effect ive current , there being n o 
source o f p o w e r in the p o r t i o n o f the circuit 
under cons idera t ion . T h e reactance o f a circuit 
is different fo r each c o m p o n e n t o f an alter­
nating current. If 

e = £ i m s i n (cot + c^) + E2 m s i n (2ut + a2) + ... 

and 

i = Ix m s i n (u>t + 0j) + I2 m s i n (2OJ t + p2) + ... 

then the reactances, Xi, X2, e tc , fo r the differ­
ent c o m p o n e n t s are 

Eimsin (al - /3X) El sin (al - p J 
I I 

£ 2 m s i n ( q a - j3 2) = £ 2 s i n (a2 - p2) 

1 2171 1 2 

etc. 

NOTE: The reactance for the entire periodic current 
is not the sum of the reactances of the components. A 
definition of reactance for a nonsinusoidal periodic 
current has not yet been agreed upon. 

2 .20 s e m i c o n d u c t o r rectifier. A s e m i c o n d u c t o r 
rectifier cell is a device consis t ing o f a c o n d u c ­
tor and s e m i c o n d u c t o r fo rming a j unc t ion . The 
junc t ion exhibi ts a d i f ference in resistance t o 
current f l o w in the t w o di rec t ions through the 
junc t ion . This results in effect ive current f l o w 
in one d i rec t ion o n l y . The s e m i c o n d u c t o r recti-

fier stack is a single c o l u m n a r structure o f one 
o r m o r e s e m i c o n d u c t o r rectifier cells. 

2 .21 direct-current c o m m u t a t i n g machine . A 
mach ine that compr i s e s a magnet ic field ex­
c i ted f r o m a d c source o r f o r m e d o f permanent 
magnets , an armature and a c o m m u t a t o r c o n ­
nec ted therewith. Spec i f ic types o f direct-cur­
rent c o m m u t a t i n g machines are direct-current 
generators, m o t o r s , s y n c h r o n o u s converters , 
boos te r s , balancers, and d y n a m o t o r s . 

2 . 2 2 s y n c h r o n o u s machines . A machine in 
wh ich the average speed o f normal opera t ion is 
exac t ly p ropor t iona l t o the f requency o f the 
system t o w h i c h it is c o n n e c t e d . 

2 .23 a synch ronous mach ine . A machine in 
wh ich the speed o f opera t ion is n o t p ropor t ion­
al t o the f r equency o f the system to which it is 
c o n n e c t e d . 

2 . 2 4 i n d u c t i o n machine . A n asynchronous ac 
machine wh ich compr i ses a magnet ic circuit 
interl inked wi th t w o electr ic circuits, o r sets o f 
circuits , rotat ing with respect t o each other and 
in w h i c h p o w e r is transferred f rom o n e circuit 
t o another b y e lec t romagnet ic induc t ion . Ex­
amples o f i nduc t ion machines are induc t ion 
generators, i nduc t ion m o t o r s , and certain types 
o f f r equency conver ters and phase converters . 

2 . 2 5 electr ic coup l ing . A device for transmit­
ting to rque b y means o f e lec t romagnet ic force 
in wh ich there is n o mechanica l to rque con tac t 
be tween the driving and driven members . The 
slip t y p e electr ic coup l ing has poles exc i ted b y 
direct current o n o n e rotat ing m e m b e r , and an 
armature winding , usually o f the d o u b l e squir­
rel cage t ype , o n the o ther rotating member . 

2 . 2 6 corrosion-resistant parts. 
( 1 ) General Where essential to minimize 

deter iora t ion due t o marine a tmospher ic cor­
ros ion , corrosion-resist ing materials, o r o ther 
materials treated in a satisfactory manner to 
render t hem adequate ly resistant t o co r ros ion 
should b e used. 

( 2 ) Corrosion-resisting materials. Silver, cor­
rosion-resisting steel, c o p p e r , brass, b ronze , 
c o p p e r - n i c k e l , certain n i c k e l - c o p p e r al loys, 
and certain a luminum al loys are considered 
satisfactory corrosion-resist ing materials within 
the intent o f the fo rego ing . 

( 3 ) Corrosion-resistant treatments. The fol­
l owing treatments, w h e n proper ly d o n e and o f 
a sufficiently heavy coat ing, are considered 
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satisfactory corrosion-resistant t reatments 
within the intent o f the fo rego ing . 

Electroplat ing o f : 
Cadmium Nicke l 
C h r o m i u m Silver 
C o p p e r Z inc 

Sherardizing 
Galvanizing 
Dipping and painting. (Phosphate o r suit­
able cleaning, f o l l o w e d b y the appl icat ion o f 
zinc ch romate pr imer o r equivalent . ) 

( 4 ) Application. These provis ions should ap­
ply t o the fo l l owing c o m p o n e n t s : 

(a) Parts. Interior small parts wh ich are 
normal ly e x p e c t e d t o be r e m o v e d in service, 
such as bol ts , nuts, pins, screws, cap screws, 
terminals, brushholder studs, springs, e tc . 

( b ) Assemblies, subassemblies, and other 
units. Where necessary d u e t o the unit func­
t ion , o r fo r interior p ro t ec t i on , such as shafts 
within a m o t o r o r generator enclosure , and 
surface o f stator and ro to r . 

( c ) Enclosures and their fastenings and fit­
tings. Enclos ing cases f o r c o n t r o l apparatus, 
outer cases fo r signal and c o m m u n i c a t i o n sys­
tems ( b o t h outs ide and ins ide) , and similar 
items together wi th all their fastenings and fit­
tings wh ich w o u l d be seriously damaged o r 
rendered ineffect ive b y co r ro s ion . 

2.27 flame-retarding. Flame-retarding materials 
and structures should have such fire-resisting 
propert ies that t hey will n o t c o n v e y f lame n o r 
con t inue t o burn f o r longer t imes than speci­
fied in the appropria te f lame test. 

NOTE: Compliance with the requirements of the 
preceding paragraph should be determined with the ap­
paratus and according to the methods described in the 
Underwriters' Laboratories Standards for the materials 
and structures unless specific applicable tests are in­
voked in these recommendations. 

2.28 multicable penetrator. A dev ice consist­
ing o f mult iple nonmeta l l i c cab le seals assem­
bled in a surrounding metal frame, f o r insertion 
in openings in decks , bulkheads , o r e q u i p m e n t 
enclosures and through wh ich cables m a y be 
passed t o penetrate d e c k s o r bulkheads o r t o 
enter equ ipmen t w i t h o u t impairing their orig­
inal fire o r watert ight integrity. 

2.29 lug. A wire c o n n e c t o r dev ice t o wh ich the 
electrical c o n d u c t o r is a t tached b y mechanica l 
pressure o r solder. 

3. Generator Classification 

3.1 e lectr ic generator . A mach ine wh ich trans­
forms mechanica l p o w e r in to electr ic p o w e r . 

3.2 shunt-wound generator. A d c generator 
in wh ich ordinari ly the entire field exc i ta t ion is 
derived f r o m o n e winding consist ing o f many 
turns wi th a relatively high resistance. This o n e 
winding is c o n n e c t e d in parallel wi th the arma­
ture circui t f o r a self-exci ted generator, and t o 
the l oad side o f another generator o r o ther 
source o f d i rect current , f o r a separately ex­
c i ted generator . 

3.3 s tabil ized shunt-wound generator . A sta­
bi l ized shun t -wound generator is the same as 
the shunt -wound t y p e , e x c e p t that a series field 
winding is added , o f such p r o p o r t i o n as n o t t o 
require equalizers f o r satisfactory parallel o p ­
erat ion. T h e vol tage regulat ion o f this type o f 
generator is t o c o m p l y wi th that given for 
shunt -wound generators. 

3.4 compound-wound generator. A d c gener­
ator wh ich has t w o separate field windings: 
o n e , supply ing the p redomina t ing exc i ta t ion , is 
c o n n e c t e d in parallel wi th the armature circuit 
and the o ther , supplying o n l y partial excita­
t ion , is c o n n e c t e d in series wi th the armature 
circui t and o f such p r o p o r t i o n as t o require an 
equalizer c o n n e c t i o n fo r satisfactory parallel 
opera t ion . 

3.5 magne toe lec t r i c generator. A n electr ic gen­
erator, in wh ich the magnet ic f lux is p rov ided 
b y o n e o r m o r e permanent magnets . 

3.6 exciter. T h e source o f all o r part o f the 
field current f o r the exc i t a t ion o f an electric 
mach ine . 

3.7 pilot exciter. T h e source o f all ©r part o f 
the field current f o r the exc i t a t ion o f another 
exci ter . 

3.8 synchronous generator. A synch ronous al­
ternating-current mach ine w h i c h transforms 
mechanica l p o w e r in to electr ic p o w e r . ( A syn­
c h r o n o u s mach ine is o n e in wh ich the average 
speed o f no rma l ope ra t ion is exac t ly p ropor ­
t ional t o the f r equency o f the sys tem t o which 
it is c o n n e c t e d . ) 

3.9 single-phase synchronous generator. A gen­
erator w h i c h p r o d u c e s a single alternating elec­
t r omo t ive f o r c e at its terminals. It delivers 

1 2 
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4 . M o t o r Classification 

4.1 electr ic m o t o r . A mach ine which trans­
forms electr ic p o w e r in to mechanica l p o w e r . 

4 . 2 universal m o t o r . A ser ies-wound o r a c o m ­
pensated ser ies-wound m o t o r designed t o o p ­
erate at app rox ima te ly the same speed and 
ou tpu t o n ei ther d i rec t o r single-phase alter­
nating current o f a f r equency n o t greater than 
6 0 Hz and o f app rox ima te ly the same rms 
vol tage. 
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4 .3 shun t -wound m o t o r . A direct-current m o ­
tor in w h i c h the field circui t and armature cir­
cui t are c o n n e c t e d in parallel. 

4 .4 stabilized shun t -wound m o t o r . A shunt-
w o u n d m o t o r having a light series winding add­
ed to prevent a rise in speed o r t o obtain a 
slight r educ t ion in speed, wi th increase o f load. 

4 .5 ser ies-wound m o t o r . A c o m m u t a t o r m o t o r 
in wh ich the field circuit and armature circuit 
are c o n n e c t e d in series. ( I t operates at a m u c h 
higher speed at light load than at full load . ) 

4 .6 c o m p o u n d - w o u n d m o t o r . A direct-current 
m o t o r w h i c h has t w o separate field windings: 
o n e , usually the predomina t ing field, c o n ­
nec ted in parallel wi th the armature circuit , 
and the o the r c o n n e c t e d in series with the 
armature circui t . ( T h e characteristics as regards 
speed and to rque are intermediate be tween 
those o f shunt and series m o t o r s . ) 

4 .7 i nduc t i on m o t o r . A n alternating-current 
m o t o r in w h i c h a primary winding o n o n e 
m e m b e r (usually the stator) is c o n n e c t e d t o the 
p o w e r source and a po lyphase secondary wind­
ing o r a squirrel-cage secondary winding o n the 
o the r m e m b e r (usually the ro to r ) carries in­
d u c e d current . 

4 .8 squirrel-cage i n d u c t i o n m o t o r . A m o t o r in 
wh ich the secondary circuit consists o f a squir­
rel-cage winding suitably d isposed in slots in 
the secondary c o r e . 

4 . 9 w o u n d - r o t o r i n d u c t i o n m o t o r . A n induc­
t ion m o t o r in w h i c h the secondary circuit c o n ­
sists o f po lyphase winding o r coi ls whose ter­
minals are ei ther short-circuited o r c losed 
through suitable circuits . (When provided with 
c o l l e c t o r o r slip rings, it is also k n o w n as a slip-
ring induc t ion m o t o r . ) 

4 . 1 0 s y n c h r o n o u s m o t o r . A synchronous ma­
chine w h i c h transforms electric p o w e r in to 
mechanica l p o w e r . 

NOTE: Unless otherwise stated, it is generally under­
stood that a synchronous generator (or motor) has 
field magnets excited with direct current. 

4 . 1 1 m o t o r r e d u c t i o n unit . A m o t o r , with an 
integral mechanica l means o f obtaining a speed 
different f r o m the speed o f the m o t o r . 

N O T E : Motor reduction units are usually designed to 
obtain a speed lower than that of the motor, but may 
also be built to obtain a speed higher than that of the 
motor. 

electric p o w e r wh ich pulsates at d o u b l e fre­
q u e n c y . 

3 . 1 0 po lyphase s y n c h r o n o u s generator . A gen­
erator w h o s e ac circuits are so arranged that 
t w o o r m o r e symmetr ica l alternating e lec t ro­
mot ive forces wi th difinite phase relationships 
are p r o d u c e d at its terminals. Po lyphase syn­
c h r o n o u s generators are usually two-phase , 
p roduc ing t w o e l ec t romo t ive forces displaced 
9 0 electrical degrees wi th respect t o o n e an­
other , o r three-phase, wi th three e l ec t romot ive 
forces , d isplaced 1 2 0 electrical degrees with re­
spect t o each o ther . (Po lyphase generators as 
used fo r marine service are generally three-
phase. F o r special cases they m a y be t w o -
phase.) 

3 .11 i nduc to r t y p e s y n c h r o n o u s generator . A 
generator in wh ich the field coi ls are f ixed in 
magnet ic pos i t ion relative t o the armature c o n ­
duc tors , the e l e c t romo t ive forces being p ro­
d u c e d b y the m o v e m e n t o f masses o f magnet ic 
material. 

3 . 12 i nduc t ion generator . A n induc t ion ma­
chine driven a b o v e s y n c h r o n o u s speed b y an 
external source o f mechanica l p o w e r . 

3 .13 brushless exc i te r . A n ac (rotat ing arma­
ture t y p e ) exc i te r w h o s e o u t p u t is rect if ied b y 
a s e m i c o n d u c t o r dev ice t o p rov ide exc i ta t ion 
t o an electr ic mach ine . T h e s e m i c o n d u c t o r de­
vice w o u l d be m o u n t e d o n and rotate with the 
ac exc i te r armature. 

3 .14 brushless s y n c h r o n o u s mach ine . A syn­
c h r o n o u s mach ine having a brushless exc i te r 
with its rotat ing armature and s e m i c o n d u c t o r 
devices o n a c o m m o n shaft with the field o f 
the main mach ine . This t y p e o f mach ine with 
its exc i te r has n o c o l l e c t o r , c o m m u t a t o r , o r 
brushes. 
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5. Converters 

5.1 d y n a m o t o r . A f o r m o f conver ter which 
c o m b i n e s b o t h m o t o r and generator ac t ion , 
with o n e magnet ic field and with t w o arma­
tures or with o n e armature having separate 
windings. 

5.2 motor -genera tor set. A machine which 
consists o f o n e o r m o r e m o t o r s mechanica l ly 
coup l ed t o o n e or m o r e generators. 

5.3 synchronous conver ter . A conver ter which 
c o m b i n e s b o t h m o t o r and generator ac t ion in 
one armature winding and is exc i t ed b y o n e 
magnetic field. It is normal ly used to change 
alternating-current p o w e r t o direct-current 
power . 

5.4 rectifier. A conver ter in wh ich the d i rec t ion 
o f average p o w e r f l o w is f rom the ac circuit to 
the d c circuit . 

5.5 direct-current balancer. A machine wh ich 
comprises t w o o r m o r e similar d c machines 
(usually with shunt o r c o m p o u n d exc i t a t ion) 
direct ly c o u p l e d t o each o ther and c o n n e c t e d 
in series across the ou te r c o n d u c t o r s o f a multi­
ple-wire system o f dis t r ibut ion, fo r the purpose 
o f maintaining the potentials o f the intermedi­
ate c o n d u c t o r s o f the sys tem, which are c o n ­
nected t o the j u n c t i o n poin ts be tween the 
machines. 

5.6 p o w e r inverter. A conver te r unit in wh ich 
the di rect ion o f average p o w e r f l o w is f rom the 
d c circuit t o the ac circuit . 

IEEE RECOMMENDED PRACTICE FOR 

6. M o t o r Speed Classification 

6.1 constant-speed m o t o r . A m o t o r , the speed 
o f normal opera t ion o f wh ich is constant or 
practically constant . F o r example , a synchro­
nous m o t o r , an induc t ion m o t o r with small 
slip, o r an ordinary d c shun t -wound m o t o r . 

6 .2 mul t i speed m o t o r . A m o t o r which can be 
opera ted at any o n e o f t w o o r m o r e definite 
speeds, each being practical ly independent o f 
the load . F o r example , a d c m o t o r with t w o 
armature windings, o r an induc t ion m o t o r with 
windings capable o f various p o l e groupings. 

6.3 adjustable-speed m o t o r . A m o t o r w h o s e 
speed can be varied gradually over a consider­
able range, but when o n c e adjusted remains 
practically unaffec ted b y the load ; such as a dc 
shunt -wound m o t o r with field resistance c o n ­
trol designed for cons iderable range o f speed 
adjustment. 

6 .4 base speed o f an adjustable-speed m o t o r . 
T h e lowes t speed ob ta ined at rated load and 
rated vol tage at the temperature rise specified 
in the rating. 

6.5 varying-speed m o t o r . A m o t o r w h o s e speed 
varies with the load , ordinari ly decreasing when 
the load increases; such as a series-wound or 
repulsion m o t o r . 

6 .6 adjustable-varying-speed m o t o r . A m o t o r 
w h o s e speed can be adjusted gradually, but 
w h e n o n c e adjusted for a given load will vary in 
considerable degree with change in load ; such 
as a d c c o m p o u n d - w o u n d m o t o r adjusted by 
field c o n t r o l o r a w o u n d - r o t o r induc t ion m o t o r 
with rheostat ic speed con t ro l . 

7 . Vent i la t ion o f Machines 

7.1 o p e n mach ine . A mach ine having venti­
lating open ings w h i c h permit passage o f ex­
ternal c o o l i n g air over and around the wind­
ings. 

14 

5.7 static conver ter . A unit that e m p l o y s static 
rectifier devices such as s e m i c o n d u c t o r recti­
fiers o r con t ro l l ed rectifiers ( thyristors) transis­
tors, e lec t ron tubes, o r magnet ic amplifiers to 
change ac p o w e r t o d c p o w e r o r vice-versa. 

4 . 1 2 amortisseur. A permanent ly short-cir­
cui ted winding consist ing o f c o n d u c t o r s em­
bedded in the p o l e shoes o f a synch ronous 
machine and c o n n e c t e d toge ther at the ends o f 
the po les , but n o t necessarily c o n n e c t e d be­
tween poles . This winding when used in salient-
po le machines somet imes includes bars wh ich 
d o n o t pass through the p o l e shoes, bu t are 
suppor ted in the interpolar spaces be tween the 
po le tips. 

4 .13 squirrel-cage winding. A permanent ly 
short-circuited winding, usually uninsulated 
(chief ly used in induc t ion machines) having its 
c o n d u c t o r s un i fo rmly distr ibuted around the 
periphery o f the machine and j o i n e d b y c o n ­
t inuous end rings. 
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7.2 self-ventilated mach ine . A mach ine w h i c h 
has its ventilating air c i rculated b y means inte­
gral wi th the mach ine . 

7.3 separately venti lated mach ine . A mach ine 
wh ich has its ventilating air supplied b y an 
independen t fan o r b l o w e r external t o the 
machine . 

7.4 enc lo sed self-ventilated mach ine . A ma­
chine having open ings fo r the admiss ion and 
discharge o f the ventilating air, w h i c h is circu­
lated b y means integral wi th the mach ine , the 
machine being o therwise total ly enc losed . 
These open ings are so arranged that inlet and 
out le t duc t s o r p ipes m a y be c o n n e c t e d t o 
them. 

NOTE: Such ducts or pipes, if used, must have ample 
section and be so arranged as to furnish the specified 
volume of air to the machine, otherwise the ventilation 
will not be sufficient. 

7.5 enc losed separately ventilated mach ine . A 
machine having open ings fo r the admiss ion and 
discharge o f the ventilating air, wh ich is circu­
lated b y means external t o and n o t a part o f 
the machine , the mach ine being otherwise to ­
tally enc losed . These openings are so arranged 
that inlet and ou t le t d u c t pipes may be c o n ­
nec ted t o t hem. 

7.6 to ta l ly enc losed mach ine . A mach ine so 
enc losed as t o prevent the exchange o f air be­
tween the inside and outs ide o f the case, but 
n o t sufficiently enc losed t o be te rmed airtight. 

7.7 to ta l ly enc lo sed f an -coo l ed mach ine . A 
total ly enc losed mach ine equ ipped fo r ex te r ior 
c o o l i n g b y means o f a fan o r fans, integral wi th 
the mach ine bu t external t o the enclos ing 
parts. 

8. Enc losure o f E q u i p m e n t 

8.1 general-purpose enc losure . A n enclosure 
wh ich primarily p ro tec t s against accidental 
c o n t a c t and slight indirect splashing but is 
neither d r i p p r o o f n o r splashproof . 

8 .2 s emip ro t ec t ed enc losure . A n enclosure in 
wh ich all o f the open ings , usually in the t o p 
half, are p r o t e c t e d as in the case o f a ' ' p ro tec t ­
ed e n c l o s u r e , " bu t the others are left o p e n . 

8.3 p r o t e c t e d enc losure . A n enclosure in wh ich 
all open ings are p r o t e c t e d wi th wire screen, ex­
panded metal , o r per fora ted covers . 

NOTE: A common form of specification for "pro­
tected enclosure" is: "The openings should not exceed 
V2 square inch in area and should be of such shape as 
not to permit the passage of a rod larger than V2 inch in 
diameter, except where the distance of exposed live 
parts from the guard is more than 4 inches the open­
ings may be % square inch in area and must be of such 
shape as not to permit the passage of a rod larger than 
ZA inch in diameter." 

8.4 d u s t p r o o f enc losure . A n enclosure so c o n ­
structed o r p r o t e c t e d that any accumula t ion o f 
dust that m a y o c c u r within the enclosure will 
n o t prevent the successful opera t ion of , o r 
cause damage t o , the enc losed equ ipment . 

8.5 d r i p p r o o f enc losure . A n enclosure in 
wh ich the open ings are so cons t ruc ted that 
d rops o f l iquid o r solid particles falling o n the 
enc losure at any angle n o t greater than 15 de­
grees f r o m the vertical either canno t enter the 
enc losure , o r if t hey d o enter the enclosure, 
they will n o t prevent the successful opera t ion 
of , o r cause damage t o , the enc losed equ ipment . 

8.6 sp lashproof enc losure . A n enclosure in 
wh ich the open ings are so cons t ruc ted that 
d rops o f l iquid o r sol id particles falling o n the 
enc losure o r c o m i n g towards it in a straight 
line at any angle n o t greater than 1 0 0 degrees 
f rom the vertical c a n n o t enter the enclosure 
either d i rec t ly o r b y striking and running along 
a surface. 

8.7 w a t e r p r o o f enc losure . A n enclosure c o n ­
structed so that any mois ture o r water leakage 
wh ich m a y o c c u r in to the enclosure will n o t in­
terfere wi th its successful opera t ion . In the case 
o f m o t o r o r generator enclosures, leakage 
wh ich m a y o c c u r a round the shaft may be c o n ­
sidered permissible p rov ided it is prevented 
f rom entering the oi l reservoir and provis ion is 
m a d e fo r automat ica l ly draining the m o t o r o r 
generator enc losure . 

8.8 o i l p r o o f enc losure . A n enclosure c o n ­
structed so that oil vapors , o r free oil n o t under 
pressure, w h i c h m a y accumula te within the en­
c losure will n o t prevent successful opera t ion 
of , o r cause damage t o , the enc losed equ ipment . 

8.9 e x p l o s i o n p r o o f enclosure . A n enclosure 
designed and cons t ruc ted t o withstand an ex­
p lo s ion o f a specif ied gas o r vapor which may 
o c c u r wi thin it, and t o prevent the ignition o f 
the specif ied gas o r vapor surrounding the en­
c losure b y sparks, flashes, o r exp los ions o f the 
specif ied gas o r vapo r wh ich may o c c u r within 
the enc losure . 

15 
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NOTE: Explosion-proof apparatus should bear Un­
derwriters' Laboratories approval ratings of the proper 
class and group consonant with the spaces in which 
flammable volatile liquids, highly flammable gases, 
mixtures, or highly flammable substances may be 
present. 

8 .10 dusttight enclosure . A n enclosure c o n ­
structed so that dust c a n n o t enter the enclos­
ing case. 

8 .11 watertight enc losure . A n enclosure c o n ­
structed so that a stream o f water f r o m a hose 
n o t less than 1 in in d iameter under a head o f 
3 5 ft f rom a distance o f 1 0 ft can b e p layed o n 
the enclosure f rom any d i rec t ion fo r a pe r iod 
o f 15 min w i t h o u t leakage. T h e hose nozz l e 
shall have a un i form inside diameter o f 1 in. 

8 .12 oilt ight enc losure . A n enclosure c o n ­
structed so that oi l vapors , o r free o i l , n o t 
under pressure, w h i c h m a y be present in the 
surrounding a tmosphere , c a n n o t enter the 
enclosure. 

8 .13 submersible enclosure . A n enclosure c o n ­
structed so that the e q u i p m e n t within it will 
operate successfully w h e n submerged in water 
under specified c o n d i t i o n s o f pressure and t ime. 

9. T o r q u e Classifications 

9.1 l ocked - ro to r t o rque . T h e m i n i m u m to rque 
o f a m o t o r wh ich it will d e v e l o p at rest fo r all 
angular pos i t ions o f the ro to r , wi th rated volt­
age applied at rated f requency . 

9 .2 pul l-out to rque . T h e m a x i m u m sustained 
to rque which a s y n c h r o n o u s m o t o r will devel­
o p at synchronous speed with rated vol tage 
applied at rated f r equency and wi th normal 
exci ta t ion. 

9.3 b r e a k d o w n to rque . T h e m a x i m u m to rque 
o f a m o t o r wh ich it wil l d e v e l o p with rated 
voltage applied at rated f r equency , w i t h o u t an 
abrupt d r o p in speed. 

9 .4 to rque margin. T h e increase in t o rque 
above rated to rque t o w h i c h a p ropu l s ion sys­
tem m a y b e subjected w i t h o u t the m o t o r pull­
ing o u t o f step wi th the generator. 

10 . D u t y Classification 

10 .1 con t inuous du ty . A requi rement o f ser­
vice that demands opera t ion at a substantially 
constant l oad f o r an indefini tely l ong t ime . 

IEEE RECOMMENDED PRACTICE FOR 

1 1 . Con t ro l Appara tus and Switchgear 

11 .1 electr ic con t ro l le r . A dev ice , o r g roup o f 
devices , w h i c h serves t o govern , in s o m e pre­
de termined manner , the electr ic p o w e r deliv­
ered t o the apparatus t o w h i c h it is c o n n e c t e d . 

1 1 . 2 full magnet ic con t ro l le r . A n electric c o n ­
troller having all o f its basic funct ions per­
f o r m e d b y devices , wh ich are opera ted b y 
e lec t romagnets . 

1 1 . 3 semi-magnet ic con t ro l l e r . A n electr ic c o n ­
troller having o n l y part o f its basic funct ions 
p e r f o r m e d b y devices w h i c h are opera ted b y 
e lec t romagnets . 

1 1 . 4 manual con t ro l le r . A n electr ic cont ro l le r 
having all o f its basic func t ions pe r fo rmed b y 
devices wh ich are opera ted b y hand. 

1 1 . 5 d r u m con t ro l l e r . A n electr ic cont ro l le r 
wh ich utilizes a d rum switch as the main 
switching e lement . 

NOTE: A drum controller usually consists of a drum 
switch and a resistor. 

1 1 . 6 starter. A n electr ic con t ro l le r fo r accel­
erating a m o t o r f r o m rest t o normal speed and 
t o s top the m o t o r . ( A dev ice designed fo r start­
ing a m o t o r in either d i rec t ion o f ro ta t ion in­
c ludes the addi t ional func t ion o f reversing and 
should b e designated a con t ro l le r . ) 

1 1 . 7 au tomat ic starter. A starter in wh ich the 
inf luence direct ing its pe r fo rmance is auto­
mat ic . 

1 1 . 8 autot ransformer starter. A starter which 
includes an autot ransformer t o furnish a re­
d u c e d vol tage fo r starting a m o t o r . It includes 
the necessary switching mechan i sm and is fre­
quen t ly called a c o m p e n s a t o r o r autostarter. 

1 1 . 9 across-the-line starter. A device which 
c o n n e c t s the m o t o r t o the supply w i thou t the 
use o f a resistance o r autotransformer t o re­
d u c e the vol tage . It m a y consis t o f a manually 
opera ted swi tch o r a master swi tch , wh ich ener­
gizes an e lec t romagnet ica l ly opera ted con tac to r . 

1 1 . 1 0 master swi tch . A swi tch wh ich d o m i -

1 6 

1 0 . 2 intermit tent du ty . A requi rement o f ser­
vice that demands opera t ion fo r alternate peri­
o d s o f ( 1 ) l oad and n o l oad ; o r ( 2 ) load and 
rest; o r ( 3 ) l oad , n o load and rest; such alter­
nate intervals being def ini te ly specif ied. 
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nates the opera t ion o f con tac to r s , relays, o r 
o ther r emo te ly opera ted devices . 

1 1 . 1 1 resistor. A dev ice the primary purpose o f 
which is t o in t roduce resistance in to an electr ic 
circuit . ( A resistor as used in electr ic circuits 
fo r purposes o f opera t ion , p ro t ec t i on , o r c o n ­
trol , c o m m o n l y consists o f an aggregation o f 
units. Resistors, as c o m m o n l y suppl ied, consis t 
o f wire, metal , r i b b o n , cast metal , o r c a rbon 
c o m p o u n d s suppor ted b y o r e m b e d d e d in an 
insulating m e d i u m . T h e insulating m e d i u m m a y 
enc lose and suppor t the resistance material as 
in the case o f the porce la in tube t y p e o r the in­
sulation m a y be p rov ided o n l y at the po in ts o f 
suppor t as in the case o f heavy du ty r i b b o n o r 
cast i ron grids m o u n t e d in metal frames.) 

1 1 . 1 2 overcurrent p r o t e c t i o n (ove r load p ro­
t ec t i on ) . T h e e f fec t o f a dev ice operat ive o n ex­
cessive cu r r en t 2 t o cause and maintain the 
interruption o f current f l o w t o the device 
governed . 

1 1 . 1 3 undervol tage o r low-vol tage p r o t e c t i o n . 
T h e ef fec t o f a dev ice , operat ive o n the reduc­
t ion o r failure o f vol tage , t o cause and maintain 
the interruption o f p o w e r in the main circuit . 

1 1 . 1 4 undervol tage o r low-vol tage release. T h e 
ef fec t o f a dev ice , operat ive o n the r educ t ion 
o r failure o f vol tage , t o cause the interrupt ion 
o f p o w e r t o the main circuit , bu t n o t t o pre­
vent the reestablishment o f the main circui t o n 
return o f vol tage . 

1 1 . 1 5 cons tan t t o rque resistor. A resistor fo r 
use in the armature o r r o t o r circui t o f a m o t o r 
in wh ich the current remains practical ly c o n ­
stant t h roughou t the entire speed range. 

1 1 . 1 6 fan d u t y resistor. A resistor fo r use in 
the armature o r r o t o r circui t o f a m o t o r in 
wh ich the current is approx ima te ly p ropor t i on ­
al t o the speed o f the m o t o r . 

1 1 . 1 7 over load relay. A n overcurrent relay 
wh ich funct ions at a p rede te rmined value o f 
overcurrent t o cause the d i s c o n n e c t i o n o f the 
p o w e r supply . 

NOTE: An overload relay is intended to protect the 
motor or controller and does not necessarily protect 
itself. 

1 1 . 1 8 s tep-back relay. A relay wh ich operates 
t o l imit the current peaks o f a m o t o r w h e n the 

(but not necessarily on short circuit) 

armature o r line current increases. A step-back 
relay m a y , in addi t ion , opera te t o r emove such 
l imitat ions w h e n the cause o f the high current 
has been r e m o v e d . 

1 1 . 1 9 temperature c o m p e n s a t e d over load re­
lay. A dev ice that funct ions at any current in 
excess o f a prede te rmined value essentially 
independen t o f the ambien t temperature. 

1 1 . 2 0 molded-case c i rcui t breaker. A circuit 
breaker assembled as an integral unit in a sup­
por t ing and enclos ing housing o f insulating 
material; the overcurrent and tripping means 
being o f the thermal t y p e , the magnet ic type , 
o r a c o m b i n a t i o n o f b o t h . 

1 1 . 2 1 rated c o n t i n u o u s current . T h e designed 
limit in rms amperes o r direct-current amperes 
wh ich a swi tch o r circuit breaker will carry 
con t i nuous ly w i t h o u t exceed ing the limit o f 
observable temperature rise. 

1 1 . 2 2 circui t breaker interrupting rating (rated 
interrupting current ) . T h e highest rms cur­
rent at a speci f ied operat ing voltage which a 
c i rcui t breaker is required t o interrupt under 
the opera t ing du ty specif ied and with a normal 
f requency recovery vol tage equal t o the speci­
fied operat ing vol tage . 

NOTE: The current is the rms value, including the dc 
component, at the instant of contact separation as de­
termined from the envelope of the current wave. Where 
limited by testing equipment, the maximum tolerance 
for normal frequency recovery voltage is 15 percent of 
the specified operating voltage. 

( F o r d c breakers the rated interrupting cur­
rent is the m a x i m u m value o f direct current.) 

1 1 . 2 3 c o n t r o l c i rcui t . T h e circuit which carries 
the electr ic signals o f a c o n t r o l apparatus o r 
sys tem direct ing the pe r fo rmance o f the c o n ­
troller bu t w h i c h d o e s n o t carry the main 
p o w e r circui t . 

1 1 . 2 4 indicat ing circui t . That po r t ion o f the 
c o n t r o l c i rcui t o f a c o n t r o l apparatus o r sys­
tem wh ich carries intell igence t o visual o r 
audible devices w h i c h indicate the state o f the 
apparatus c o n t r o l l e d . 

1 2 . Insulation 

12 .1 Def in i t ion o f Insulat ion Sys tem. A n in­
sulation sys tem is an assembly o f insulating ma­
terials in a particular t y p e o f equ ipment . The 
class o f the insulation system may be desig-
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nated b y letters, numbers , o r o ther s y m b o l s . 
A n insulation sys tem class utilizes material 
having an appropria te temperature index and 
operates at such temperatures a b o v e stated am­
bient temperatures as the e q u i p m e n t standard 
specifies based o n exper i ence o r accep ted test 
data. T h e system m a y alternatively con ta in 
materials o f any class, p rov ided that exper i ence 
o r a r ecogn ized test p rocedu re fo r the equip­
ment has demons t ra ted equivalent life ex­
pec tancy . 

1 2 . 2 Preferred Insulat ion Sys t em Classifica­
t ions. T h e preferred insulation sys tem classifi­
cat ions are classes A , B , F , H , C , o r 1 0 5 , 1 3 0 , 1 5 5 , 
1 8 0 , o r greater than 2 2 0 , and as designated b y 
the equ ipmen t standard. 

12 .3 Rest r ic t ion o n the Use o f Porcelain o r 
o ther Brittle Materials. Porcelain o r o ther brit­
tle materials shall n o t b e used f o r l amp socke ts , 
receptacles, fuse b l o c k s , e tc . where the materi­
al is rigidly fastened b y mach ine screws o r 
equivalent. 

13. T y p e s o f Circuits 

13 .1 lighting branch circui t . A circui t supplying 
energy t o lighting out le ts o n l y . (Light ing 
branch circuits also m a y supply por table desk 
o r bracket fans, small heating appliances, 
m o t o r s o f lA h o r s e p o w e r (I86V2 W ) and less, 
and o ther por table apparatus o f n o t over 6 0 0 
W each. ) 

1 3 . 2 appl iance branch circui t . A circui t supply­
ing energy t o o n e o r m o r e out le ts t o wh ich ap­
pliances are t o be c o n n e c t e d ; such circuits t o 
have n o permanent c o n n e c t e d lighting fixtures 
n o t a part o f an appl iance. 

13 .3 m o t o r branch circui t . A branch circuit 
supplying energy o n l y t o o n e o r m o r e m o t o r s 
and associated m o t o r cont ro l le rs . 

13 .4 c o m m u n i c a t i o n circuits . Circuits used fo r 
audible and visual signals and c o m m u n i c a t i o n 
o f informat ion f r o m o n e place t o another , 
within o r o n the vessel. 

13 .5 feeder . A set o f c o n d u c t o r s originating at 
a main distr ibution center and supplying o n e o r 
m o r e secondary dis t r ibut ion centers , o n e o r 
m o r e branch-circuit dis tr ibut ion centers , o r any 
c o m b i n a t i o n o f these t w o types o f equ ipmen t . 

(Bus tie circuits b e t w e e n generator and distri­
bu t ion swi tchboards , inc luding those be tween 
main and e m e r g e n c y swi tchboards , are n o t 
cons ide red as feeders . ) 

1 3 . 6 branch circui t . Tha t po r t i on o f a wiring 
system ex tend ing b e y o n d the final overcurrent 
dev ice p ro tec t ing the circui t . 

13 .7 out le t . A p o i n t o n the wiring system at 
wh ich current is taken t o supply util ization 
equ ipmen t . 

1 3 . 8 lighting ou t le t . A n out le t in tended fo r the 
d i rec t c o n n e c t i o n o f a l ampho lde r o r a lighting 
fixture. 

1 3 . 9 receptable . A device installed in a recep­
tacle ou t le t t o a c c o m m o d a t e an a t tachment 
plug. 

1 3 . 1 0 receptac le out le t . A n out le t where one 
o r m o r e receptacles are installed. 

1 3 . 1 1 a t tachment plug. A dev ice which , by in­
sertion in a receptac le , establishes c o n n e c t i o n 
be tween the c o n d u c t o r s o f the at tached c o r d 
and the c o n d u c t o r s c o n n e c t e d permanent ly t o 
the receptac le . 

1 3 . 1 2 dis t r ibut ion center . A po in t at which is 
loca ted e q u i p m e n t consist ing generally o f auto­
mat ic over load pro tec t ive devices c o n n e c t e d t o 
buses, the principal func t ions o f wh ich are sub­
division o f supply and the c o n t r o l and pro tec­
t ion o f feeders, subfeeders , o r branch circuits, 
o r any c o m b i n a t i o n o f feeders, subfeeders, o r 
branch circuits . 

1 3 . 1 3 swi tchboards and panels. A generator 
and dis t r ibut ion swi t chboard receives energy 
f rom the generating plant and distributes di­
rect ly o r indirect ly t o all equ ipmen t supplied 
b y the generating plant. 

A subdis t r ibut ion swi tchboard is essentially 
a sec t ion o f the generator and distr ibution 
swi tchboard ( c o n n e c t e d there to b y a bus feed­
er and r e m o t e l y loca ted fo r reasons o f conveni­
ence o r e c o n o m y ) wh ich distributes energy for 
lighting, heating, and p o w e r circuits in a certain 
sec t ion o f the vessel. 

A dis t r ibut ion panel receives energy f rom a 
distr ibut ion o r subdis t r ibut ion swi tchboard and 
distributes energy t o energy-consuming devices 
o r o ther dis t r ibut ion panels o r panelboards . 

A pane lboard is a dis t r ibut ion panel enc losed 
in a metal cabinet . 
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ELECTRIC INSTALLATIONS ON SHIPBOARD 

1 4 . Nature o f Supp ly 

14 .1 Standard Sys tems. The fo l lowing systems 
o f distr ibution are r ecogn ized as standard: 

( 1 ) T w o - w i r e with single-phase alternating 
current, o r direct current. 

( 2 ) Three-wire with single-phase alternating 
current, o r direct current . 

( 3 ) Three-phase three-wire, alternating cur­
rent. 

( 4 ) Three-phase, four-wire, alternating cur­
rent. 

1 4 . 2 Standard Vol tages . T h e fo l lowing voltages 
are recogn ized as standard: 

Alternating Direct 
Current Current 
(volts) (volts) 

Lighting 115 115 
Power utilization 115-200-220-230 

440-460-2300-4000 115 and 230 
Generators 120-208-230-240 

450-480-2400-4160 120 and 240 

14.3 Standard F requency . A f requency o f 6 0 
Hz is r ecogn ized as a standard for all ac lighting 
and p o w e r systems. 

14 .4 Se lec t ion o f Vo l t age and Distr ibut ion 
Sys tem. 

( 1 ) Alternating Current. F o r small vessels 
having little p o w e r apparatus, 1 2 0 V , three-
phase generators m a y be used, with 1 1 5 V , 
three-phase dis tr ibut ion for p o w e r and light­
ing. A s an alternative lighting feeders may be 
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single-phase, ba lanced at the generator and 
dis tr ibut ion swi t chboard t o provide approxi­
mate ly equal load o n the three phases. 

F o r vessels wi th considerable p o w e r appara­
tus (particularly fo r intermediate-size vessels), 
generators m a y be 2 3 0 V , three-phase o r 2 4 0 
V , three-phase; the p o w e r utilization at 2 2 0 V 
o r 2 3 0 V , three-phase, respect ively; and lighting 
distr ibution 1 1 5 V , three-phase, derived f rom 
transformers. A s an alternative, generators may 
be three-phase, four-wire, 2 0 8 / 1 2 0 V . Power 
and lighting should be at 2 0 0 / 1 1 5 V , three-
phase. 

F o r all vessels o f a size and type which re­
quire a dual vol tage system, first considerat ion 
should be given to the applicat ion o f 4 5 0 V or 
4 8 0 V generators with p o w e r utilization at 4 4 0 V 
or 4 6 0 V , three-phase, respectively, and lighting 
distr ibution at 1 1 5 V , three-phase, three-wire 
o r 1 2 0 / 2 0 8 V , three-phase, four-wire, derived 
f rom transformers. 

F o r vessels having very large electrical system 
requiring higher vol tage p o w e r generation, c o n ­
sideration should be given to generating first at 
4 1 6 0 V o r at 2 4 0 0 V with s o m e p o w e r utiliza­
t ion at 4 0 0 0 V or 2 3 0 0 V , three-phase, respec­
tively, with l owe r util ization voltages to be de­
rived f rom transformers. 

Either g rounded or ungrounded ac electrical 
systems may be used for the above listed stan­
dard systems, e x c e p t that in the case o f the 
4 5 0 V or 4 8 0 V , three-phase systems, first c o n ­
sideration should be given to the use o f an un­
g rounded system. Where a grounded system is 
appl ied, the m e t h o d o f grounding should be in 
acco rdance with 2 1 . 4 1 . 

( 2 ) Direct Current. F o r vessels having little 
p o w e r apparatus, 1 2 0 V generators are r e c o m ­
m e n d e d with 1 1 5 V light and p o w e r distribu­
t ion systems. 

Where an appreciable a m o u n t o f p o w e r ap­
paratus is t o be cons idered , 2 4 0 / 1 2 0 V , three-
wire generators and 2 3 0 V p o w e r distribution 
system and 2 3 0 / 1 1 5 V th ree -conduc tor lighting 
feeders shou ld be selected. Branch circuits 
f rom lighting panelboards should be 115 V 
two-wire . 

14 .6 Balancer Sets—Use of . Balancer sets 
should n o t b e used fo r obtaining 1 2 0 V f rom 
2 4 0 V two-wi re d c generators. 

1 3 . 1 4 demand factor. T h e ratio o f the maxi­
m u m d e m a n d o f a system o r part o f a system 
t o the total c o n n e c t e d load o f the system o r o f 
the part o f the sys tem under cons idera t ion . 

1 3 . 1 5 vital services. Vital services are normal ly 
cons idered t o b e those required for the safety 
o f the ship and its passengers and c r e w . These 
may inc lude p ropu ls ion , steering, navigation, 
firefighting, e m e r g e n c y lighting, and c o m m u n i ­
cat ions funct ions . Since the specif ic identifica­
t ion o f -vital services is inf luenced b y the t y p e 
o f vessel and its in tended service, this matter 
should b e specif ied b y the design agent fo r the 
particular vessel under cons idera t ion . 
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15 .3 Exci ters . Each ac generator should have 
an exci te r o f sufficient capac i ty t o provide 
exc i ta t ion w h e n the alternator is carrying 1 5 0 
percent rated current at 0 .5 lagging p o w e r 
factor , fo r t w o minutes , and maintain the volt­
age within 7.5 percen t o f rated voltage. T h e 
source o f exc i ta t ion should have characteris­
tics best suited fo r the vol tage regulating sys­
tem and should c o n f o r m t o all applicable 
r e c o m m e n d a t i o n s . 

15 .4 Generat ing Se ts—Emergency . In addi t ion 
t o the fo rego ing , G o v e r n m e n t Regula tory 
Agenc ies require the installation o f a diesel-
engine-driven generating set, o r storage bat­
teries, o r b o t h , l oca t ed a b o v e the bulkhead 
d e c k o r above the f reeboard d e c k , whichever is 
higher, and outs ide the machinery compar t ­
ment . When a c o m p a r t m e n t conta ining the 
emergency source o f electr ic p o w e r , o r vital 
c o m p o n e n t s thereof , adjoins a space containing 
either the ship's service generators o r machin­
ery necessary fo r the opera t ion o f the ship's 
service generators, all c o m m o n bulkheads and 
decks should be p ro t ec t ed b y approved "struc­
tural insula t ion" o r o the r approved material. 
This p r o t e c t i o n should be such as t o be capable 
o f preventing an excessive temperature rise in 
the space conta in ing the emergency source o f 
electr ic p o w e r , o r vital c o m p o n e n t s thereof, fo r 
a pe r iod o f at least o n e hou r in the event o f fire 
in the adjoining space. E m e r g e n c y generating 
sets should b e self-contained and designed t o 
start automat ica l ly and assume rated load with­
in 20 s wi th the c o o l i n g water, lubricating oi l , 
and air supply at a temperature o f 3 2 ° F . Gas 
turbine-driven generators m a y also b e used. 

T h e capac i ty o f the generating sets and stor­
age batteries fo r the various groups o f vessels 
is given in Sec t ion 3 6 . Gasol ine and semi-diesel 
engines are n o t r e c o m m e n d e d fo r the opera t ion 
o f emergency generators. T h e fuel used shall 
have a flash p o i n t o f n o t less than 110° F. 

When e m e r g e n c y storage batteries are sup­
pl ied, appropria te means should be furnished 
fo r providing p o w e r f r o m these batteries to 
alternating-current loads , such as a synchro­
nous conver ter . 

15 .5 Genera to r Windings . Ship 's service alter­
nating-current generators should be w o u n d for 
three-phase 6 0 Hz and 8 0 percent p o w e r 
factor . 

Equ ipmen t and Installation 

15 . Generat ing Sets 

15 .1 Installation and L o c a t i o n . Generat ing sets 
should b e loca ted in a d ry well-ventilated place. 
T h e y should n o t b e installed in the immedia te 
p rox imi ty t o water and steam piping, e tc , and 
should be p ro t ec t ed f rom dr ipping water, o i l , 
e tc . In cases where the shaft will be loca ted 
athwartship the manufacturer should be so ad­
vised. There should be at least 18 in be tween 
the set and surrounding ob jec t s t o p rov ide ac­
cessibility, and sufficient r o o m should be pro­
vided t o permit removal o f the r o t o r o r arma­
ture. 

When diesel engine o r gas turbine-driven 
generating sets are l oca t ed in d e c k houses , the 
enclosing structure should b e steel o r o the r ap­
p roved f i r eproof material. 

15 .2 Generating Sets fo r Ship 's Service— 
N u m b e r and Size. In determining the capacit ies 
and number o f generating sets t o be p rov ided 
for a vessel, careful cons idera t ion should be 
given t o the normal and m a x i m u m demands as 
well as fo r the safe and eff ic ient ope ra t ion o f 
the vessel when at sea and in por t . T h e n u m b e r 
and ratings o f the generating sets should be 
sufficient t o p rov ide o n e spare generating set 
( o n e set n o t in ope ra t ion ) at all t imes, includ­
ing in por t . T h e c o m b i n e d normal capac i ty o f 
the operat ing generating sets should be at least 
equal t o the m a x i m u m peak load at sea. If the 
peak load and its durat ion is within the limits 
o f the specified over load capac i ty o f the gen­
erating sets, it is n o t necessary t o have the c o m ­
bined normal capac i ty equal t o the m a x i m u m 
peak load. 

In selecting the capac i ty o f an ac generating 
plant particular a t tent ion should be given t o 
the starting current o f squirrel-cage m o t o r s 
forming a part o f the sys tem. With o n e gener­
ating set held in reserve as a spare, the remain­
ing generator sets operat ing in parallel and 
initially carrying m i n i m u m load necessary for 
operating the ship, should have sufficient 
capaci ty with respect t o the largest idle m o t o r 
o n the ship so that the m o t o r can be started 
and the voltage d r o p o c c a s i o n e d b y its starting 
current will n o t cause any already running 
m o t o r t o stall o r c o n t r o l e q u i p m e n t t o d r o p 
ou t . 
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Where ac generators are t o opera te in paral­
lel, they should be equ ipped with amortisseur 
windings. 

In the case o f d c installations where the load 
does n o t f luctuate appreciably , shunt -wound 
generators w i t h o u t vol tage regulators o r stabi­
lized shunt -wound generators may be used in 
lieu o f c o m p o u n d - w o u n d generators. In the 
case o f installations where the load is apt t o 
fluctuate appreciably , shunt -wound generators 
should be used in the interest o f substantially 
constant vol tage. 

Unless otherwise specif ied, all three-wire d c 
generators should be designed for 25 percent 
unbalanced current. 

In order t o p r o m o t e un i formi ty o f pract ice 
for two-wire c o m p o u n d - w o u n d d c generators, 
it is r e c o m m e n d e d that the series field terminal 
be negative. 

15 .6 Vo l t age Regula t ion . 
15 .6 .1 General . Vo l t age regulators should be 

o f a t y p e and cons t ruc t ion capable o f with­
standing shipboard cond i t i ons and should be 
designed t o be unaffec ted b y normal engine-
r o o m vibrat ion. Separate units should be pro­
vided fo r each generator when vol tage regula­
tors are required. 

1 5 . 6 . 2 A C Generators . Taking in to a c c o u n t 
the c o m b i n e d e f fec t o f the speed regulation o f 
the pr ime m o v e r , the pe r fo rmance o f the vol t­
age regulating e q u i p m e n t and the characteris­
tics o f the generator system per fo rmance 
should be as set for th b e l o w . Means should be 
prov ided to divide the reactive p o w e r p roper ly 
be tween generators, when it is in tended that 
t w o o r m o r e generators will be operat ing in 
parallel. 

15 .6 .2 .1 Cargo and Similar Vessels. 
( 1 ) Single Generator ( n o reactive d r o o p 

c o m p e n s a t i o n ) . T h e settled vol tage fo r any in­
creasing o r decreasing load be tween zero and 
full load at rated p o w e r fac tor should n o t vary 
at any p o i n t m o r e than plus o r minus 1 percent 
o f rated generator vol tage f rom a median value 
halfway be tween the highest and lowes t points 
attained. 

( 2 ) Two or More Generators with Reactive 
Droop Compensation. With the reactive d r o o p 
c o m p e n s a t i o n adjusted fo r a vol tage d r o o p o f 
n o t m o r e than 4 percen t o f rated vol tage fo r a 
reactive load change f r o m zero t o 60 percent o f 
the c o n t i n u o u s k V A rating o f the generator, 

the system pe r fo rmance should be such that 
the average curve drawn through a p lo t o f the 
settled vol tage versus load fo r any increasing o r 
decreasing load b e t w e e n zero and full load at 
rated p o w e r fac tor , d r o o p s n o m o r e than 4 per­
cen t o f rated vol tage and n o recorded po in t 
varies m o r e than plus o r minus 1 percent o f 
rated generator vol tage f rom the average curve. 

1 5 . 6 . 2 . 2 Passenger Vessels. F o r passenger 
vessels, the c o m b i n e d system should meet the 
requirements fo r cargo vessels. In addi t ion, the 
distr ibut ion sys tem should be arranged so that 
ship auxiliary p o w e r loads will p r o d u c e mini­
m u m fl icker in the lighting circuits. 

1 5 . 6 . 2 . 3 Emergency Generating Set ( n o 
reactive d r o o p c o m p e n s a t i o n ) . The system 
pe r fo rmance should be such that the settled 
vol tage fo r any increasing o r decreasing load 
b e t w e e n zero and full load at rated p o w e r 
fac tor should n o t vary at any po in t m o r e than 
plus o r minus 2V2 percent o f rated generator 
vol tage f rom a median value halfway be tween 
the highest and lowes t points attained. 

1 5 . 6 . 3 D C Generators . 
1 5 . 6 . 3 . 1 Shun t -wound o r stabilized shunt-

w o u n d generating sets should be designed as t o 
speed regulat ion and governing o f the prime 
m o v e r and inherent regulation o f the generator 
so that at full-load operat ing temperature there 
will be a rise in vol tage o f n o t over 8 percent 
w h e n the load is gradually reduced f rom 1 0 0 
percent load t o 2 0 percent load and so that 
there will be a d r o p in vol tage o f n o t m o r e than 
12 percent w h e n the load is gradually increased 
f rom 2 0 percen t load t o 1 0 0 percent load, 
based o n appl icable percent speed regulation 
( d r o p in speed f r o m n o load t o full load) o r the 
pr ime m o v e r . F o r each c o n d i t i o n the field rhe­
ostat should be set fo r normal rated voltage at 
the beginning o f each test. When lighting loads 
are suppl ied di rect ly b y the ship's service gen­
erator, a vol tage regulator should be supplied 
fo r each generator wh ich regulator should ef­
fec t a regulat ion o f the supply voltage t o the 
system n o t in excess o f that required for c o m ­
p o u n d - w o u n d generators cove red in 1 5 . 6 . 3 . 2 . 

1 5 . 6 . 3 . 2 C o m p o u n d - w o u n d generators 
should be designed as t o governing o f pr ime 
m o v e r as well as t o c o m p o u n d i n g and regula­
t ion o f the generator , so that with the gener­
ator at full-load operat ing temperature, and 

2 1 
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load be tween 2 0 percen t and 1 0 0 percent o f 
the sum o f the rated loads o f all the generators. 
T h e starting p o i n t fo r de terminat ion o f the 
foregoing load dis t r ibut ion requirements 
should be at 75 percen t load wi th each gener­
ator carrying its p ropor t i ona t e share. 

When tests are m a d e t o de termine if success­
ful parallel ope ra t ion o f d c generating sets is 
ob ta ined , the fo l l owing should be m e t : 

( 1 ) T h e generators should be at normal 
operat ing temperatures. 

( 2 ) T h e speed o f the generators should be 
cons tant o r slightly decreasing with increase in 
load wi th the change in speed approx imate ly 
p ropor t iona l t o load . 

( 3 ) F o r c o m p o u n d - w o u n d machines , the 
vol tage d r o p at rated full-load current across 
the series field circui t ( inc luding field and 
cables t o main bus) o f all machines should be 
made equal , b y the insertion o f resistance if 
necessary. 

F o r c o m p o u n d - w o u n d direct-current ma­
chines, series field equalizer c o n n e c t i o n s are 
required. T h e ratio o f the resistance o f the 
equalizer c o n n e c t i o n s t o the resistance o f the 
series field and its c o n n e c t i o n , b o t h t o the 
po in t o f paralleling, should be n o m o r e than 
0 .5 , bu t in n o case should the cross-sectional 
area o f the longest equalizer lead f rom a gen­
erator be less than the area o f that generator 's 
main leads. 

15 .8 Successful C o m m u t a t i o n Def ined . Suc­
cessful c o m m u t a t i o n is attained if neither the 
brushes no r the c o m m u t a t o r is burned or in­
jured in an accep tance test; o r in normal service 
t o the ex ten t that abnormal maintenance is 
required. T h e presence o f s o m e visible sparking 
is n o t necessarily ev idence o f unsuccessful 
c o m m u t a t i o n . 

15 .9 Prime Movers . Generat ing sets may be 
driven b y steam engines either o f the turbine or 
reciprocat ing t ype , b y gas turbines, o r b y diesel 
engines. Each pr ime m o v e r should be fitted 
with an eff icient speed regulating governor as 
well as an au tomat ic overspeed trip. T h e auto­
matic overspeed trip should funct ion t o shut 
d o w n the unit automat ica l ly when the speed 
exceeds the designed m a x i m u m service speed 
b y m o r e than 15 percent . Each pr ime mover 
should in addi t ion , be under the con t ro l o f an 
eff icient operat ing gove rnor capable o f limiting 
the speed, w h e n full load is suddenly removed , 
to at least 5 percent less than that o f the over-

starting at 20 percent load wi th vol tage within 
1 percen t o f rated vol tage , it shou ld give at full 
load a voltage within IV2 percent o f rated vol t ­
age. T h e average o f the ascending and descend­
ing voltage regulation curves be tween 20 per­
cent load and full load should n o t vary m o r e 
than 3 percent f rom rated vol tage. 

15.6 .3 .3 In addi t ion t o meet ing the require­
ments o f either 1 5 . 6 . 3 . 1 o r 1 5 . 6 . 3 . 2 , the vol t ­
age regulation o f a three-wire generator should 
be such that when operat ing at rated current 
on the heavier l oaded side, wi th either posit ive 
or negative lead, with rated vol tage be tween 
the posit ive and negative leads and a current o f 
25 percent o f the generator current rating in 
the neutral wire, the resulting dif ference in 
voltage be tween the posi t ive and neutral leads 
and negative and neutral leads should n o t ex­
ceed 2 percent o f the rated vol tage be tween 
the posit ive and negative leads. 

In the preceding, the speed regulation curve 
o f the prime m o v e r should n o t vary m o r e than 
1 percent f rom a straight line drawn be tween 
the speeds at 20 percent load and 1 0 0 percent 
load. 

The voltage regulation and c o m p o u n d i n g 
tests should be made at the w o r k s o f the elec­
trical manufacturer in a c c o r d a n c e with his 
standard testing pract ice , using an approxi ­
mately straight-line speed regulation f rom 20 
percent t o 1 0 0 percent , in a m o u n t as specif ied 
b y the prime m o v e r builder. 

If shunt o r stabilized shunt -wound generators 
are to be paralleled when they are units o f sets 
containing larger generators wh ich are also to 
be paralleled, the fo l lowing regulation should 
be met : When the direct-current load o n the 
smaller unit is gradually r educed f rom 1 0 0 per­
cent t o 20 percent , the direct-current voltage 
regulation should be n o t m o r e than 1 2 percent , 
based o n a speed regulation o f the applicable 
percent o n the pr ime move r . T h e pr ime m o v e r 
speed regulation is based o n varying the c o m ­
bined load o n the pr ime m o v e r f rom zero to 
100 percent . 

15 .7 Parallel Opera t ion . Generating sets should 
be capable o f operat ing successfully in paral­
lel. Successful parallel opera t ion is attained if 
the load o n any generator d o e s n o t differ m o r e 
than plus o r minus 15 percent o f its rated kilo­
watt load f rom its p ropor t iona t e share, based 
o n the generator ratings, o f the c o m b i n e d load, 
for any steady-state c o n d i t i o n in the c o m b i n e d 
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and baked . T h e finished winding should be 
water and oi l resistant. 

A b n o r m a l brush wear and ring o r commuta ­
tor main tenance m a y o c c u r o n m o t o r s o r 
generators wi th even a slight amoun t o f si l icone 
insulation, especial ly if the machine is en­
c losed . Special cons idera t ion must be given t o 
these p r o b l e m s if s i l icone is used o n m o t o r s 
and generators. 

1 5 . 1 4 Lubr ica t ion . Al l ship service generating 
sets should lubricate and operate satisfactorily 
when permanent ly incl ined t o an angle o f 15 
degrees athwartship and 5 degrees fore and aft, 
and arranged so that they will no t spill oil 
unde* a vessel roll o f 3 0 degrees each side o f 
the vertical and 10 degree pi tch. In cases where 
the shaft will be loca ted athwartship, the man­
ufacturer should be so advised. Al l pr ime 
movers fo r ship service generating sets ( n o t 
emergency sets) depend ing on fo rced lubrica­
t ion should be arranged t o shut d o w n auto­
matical ly o n loss o f oi l pressure. The shutting 
d o w n o f the pr ime m o v e r should cause the trip­
ping o f the generator circuit breaker. A n alarm 
system should be p rov ided and arranged t o 
func t ion o n l o w oi l pressure as r e c o m m e n d e d 
in 3 7 . 2 7 . 

E m e r g e n c y generator sets should lubricate 
and opera te satisfactorily when permanent ly 
incl ined t o an angle o f 3 0 degrees athwartship 
and 10 degrees fore and aft. Units depending 
u p o n f o r c e d lubr ica t ion should be p rov ided 
with an audible alarm device t o sound o n loss 
o f o i l pressure whi le running. 

1 5 . 1 5 Corros ion-Resis tant Parts. T o prevent 
deter iora t ion and co r ros ion o f interior bol ts , 
nuts, pins, screws, terminals, brush-holder 
studs, springs, e tc , and such other small parts as 
w o u l d b e seriously damaged and rendered in­
effect ive b y c o r r o s i o n , these should be made o f 
corrosion-resistant material o r steel suitably 
p ro t ec t ed against co r ros ion . Steel springs 
should b e treated t o resist moisture in such a 
manner as n o t t o impair their spring quality. 
See 2 . 2 6 . 

1 5 . 1 6 Termina l Arrangements . See Sec t ion 
23 .3 fo r terminal lugs o n incoming cables. 

1 5 . 1 6 . 1 Genera tors 5 0 kW and A b o v e . 
1 5 . 1 6 . 1 . 1 Side Location. Generators should 

be p rov ided with either: ( 1 ) an insulating ter­
minal boa rd having secured terminals t o which 
the lugs o f the i n c o m i n g cables can be readily 

speed trip setting. T h e overspeed trip should 
also b e equ ipped with a means fo r manual 
tripping. 

Where a turbine pr ime m o v e r is also fitted t o 
utilize auxiliary exhaust , it should be p rov ided 
with a p roper ly arranged au tomat ic shutoff , 
and where provis ion is made for ex t rac t ion o f 
steam, posi t ive means should be p rov ided fo r 
preventing a reversal o f f l o w t o the turbine. 

Al l sets o f 1 0 0 kW capaci ty and above should 
be p rov ided wi th a coup l ing fitted t o the r o t o r 
o r armature shaft. 

F o r turbine-driven direct-current generating 
sets wh ich will opera te in parallel, each should 
be p rov ided with a switch wh ich , u p o n func­
t ioning o f the overspeed device , will trip the 
generator circuit breaker. 

1 5 . 1 0 Moto r -Genera to r Sets—Overspeed Pro­
tec t ion . Motor -genera tor sets having d c m o t o r s , 
driving ac o r d c generators wh ich will opera te 
in parallel wi th o ther units and wh ich are o f a 
frame size co r respond ing t o a rating o f 15 hp 
o r 10 kW, 1 7 5 0 rpm o r above , should be pro­
vided with overspeed p ro t ec t i on . This prefer­
ably should be ob ta ined b y a mechanica l 
a t tachment wh ich will trip the circuit breaker 
in the case o f a generator , o r the feeder circuit 
breaker in the case o f a m o t o r . If it is n o t prac­
ticable t o use a di rect mechanica l overspeed 
device in the case o f a d c m o t o r driven set, 
p ro t ec t ion m a y b e ob ta ined b y a relay in the 
shunt field wh ich will o p e n the line c o n t a c t o r 
in the m o t o r starter in case o f loss o f m o t o r 
shunt field. 

1 5 . 1 1 Mount ings . T h e generator and its driving 
unit should be m o u n t e d o n a c o m m o n suppor t 
t o insure p rope r al ignment. Care should be 
exercised t o secure a rigid founda t ion . Where a 
bedpla te is used, each unit compr is ing the set 
should b e p rov ided with ample suppor t ing feet 
secured t o the bedplate . 

1 5 . 1 2 Access ib i l i ty . T h e design o f generating 
sets should p rov ide fo r accessibil i ty t o all parts 
requiring inspec t ion during opera t ion o r dis­
assembling fo r repairs. 

1 5 . 1 3 Insulat ion o f Windings. Stator coi ls o f ac 
generators and all assembled armatures and 
also the armature coi l s fo r open-s lo t d c c o n ­
struction should be immersed in insulating 
varnish and baked . Al l field coi ls should be 
treated with varnish o r o the r insulating c o m ­
p o u n d while being w o u n d , o r impregnated 
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temperature rise at the end o f the 2 h over load 
should also be given. 

( 9 ) Revo lu t ions per minute at rated load for 
generator and pr ime m o v e r if n o t direct c o n ­
nec ted . 

( 1 0 ) A m p e r e s at rated load . 
( 1 1 ) F r equency at rated load, for ac gener­

ator. 
( 1 2 ) N u m b e r o f phases, fo r ac generator. 
( 1 3 ) P o w e r factor , fo r ac generator. 
( 1 4 ) Exc i ta t ion voltage at rated load, for ac 

generator. 
( 1 5 ) Exc i ta t ion current in amperes at maxi­

m u m c o n t i n u o u s rating and at over loads , if 
applicable, fo r ac generator . 

( 1 6 ) Shunt , stabilized shunt, o r c o m p o u n d , 
for d c generator. 

( 1 7 ) S team and exhaust pressures and super­
heat fo r pr ime movers ; cy l inder size and stroke 
for rec iprocat ing engines; and cyc le s , cyl inder 
size and s troke fo r diesel engines. 

1 5 . 1 8 Tests. Suff icient tests should be made at 
the manufacturer 's w o r k s t o insure that the 
machine is in a c c o r d a n c e with these R e c o m ­
mendat ions . When a mach ine is a duplicate o f 
o n e already c o m p l e t e l y tested, o n l y such c h e c k 
tests need be made as m a y be necessary to 
demonst ra te that the mach ine operates success­
fully. Spare ro tors and armatures should be 
given regular insulation vol tage and d y n a m i c 
balance tests, but need n o t be given any run­
ning test. 

Tests shall be in a c c o r d a n c e with the fo l l ow­
ing: 

( 1 ) F o r s y n c h r o n o u s machines—IEEE Std 
1 1 5 - 1 9 6 5 Test Procedure for S y n c h r o n o u s 
Machines . 

( 2 ) F o r direct-current machines—IEEE Std 
1 1 3 - 1 9 7 3 Tes t C o d e for Direct-Current Ma­
chines. 
1 5 . 1 9 Limits o f Tempera tu re Rises. T h e tem­
perature rise o f each o f the various parts o f ac 
generators when tested in a c c o r d a n c e with the 
rating should n o t e x c e e d the values given in 
Tab le A 3 . Al l temperatures are t o be measured 
b y the m e t h o d indicated in the table. 

In o rder t o de termine accurately the temper­
ature in ac generating sets o f 5 0 0 k V A and 
above , when access t o coi ls is diff icul t , as in the 
case o f generators e q u i p p e d with c losed venti­
lating systems, e m b e d d e d temperature detec­
tors should b e p rov ided in the stator windings. 

Tempera ture rise o f each o f the various parts 
o f d c generators when tested in accordance 

fastened, o r ( 2 ) terminal leads, suitably secured 
to the generator frame, and p rov ided with ap­
proved connec to r s t o permi t ready c o n n e c t i o n 
o f the incoming cables. 

The generator terminals should be enc losed 
in a d r ip-proof terminal b o x so cons t ruc ted 
that the incoming cables can be led individually 
through an insulating c o v e r screwed o r bo l t ed 
to the b o t t o m , o r through a metal strip at least 
lA in thick. If the cables enter through the bo t ­
t o m , ordinary clearance holes are r e c o m m e n d ­
ed. If the cables enter through the t o p , individ­
ual terminal tubes should be used. 

1 5 . 1 6 . 1 . 2 Top Location. Generators should 
be provided with terminal arrangements as 
r e c o m m e n d e d in 1 5 . 1 6 . 1 . 1 enc losed in a drip­
p r o o f b o x having t o p and side sect ions at least 
lA in thickness through wh ich the individual 
cables can be entered through terminal tubes. 

15 .16 .1 .3 Bottom Location. Generators 
should be p rov ided with strap terminals, se­
cured to an insulating b l o c k , t o wh ich the 
connec t ions , o r straps, o f the i n c o m i n g cables 
can be fastened. T h e terminal arrangement 
should be p ro tec ted against accidental con tac t 
and mechanical damage. 

1 5 . 1 6 . 2 Generators B e l o w 5 0 kW. Generators 
may be provided with a d r ip -p roof c o n d u i t b o x 
with removable cove r plate, in place o f the ter­
minal board descr ibed in 1 5 . 1 6 . 1 . 1 ( 1 ) above . 
The generator cables should be secured inside 
the condu i t b o x . T h e arrangement should be 
such as to permit ready c o n n e c t i o n o f the in­
c o m i n g cables. 

15 .17 Nameplates . T h e fo l l owing m i n i m u m 
informat ion should be given o n the rating 
nameplates o f corrosion-resistant material: 

( 1 ) Marine (name o f apparatus). 
( 2 ) Manufacturer 's name o n generator, pr ime 

mover , and reduc t ion gear ( i f any ) . 
( 3 ) Manufacturer 's serial n u m b e r o n gener­

ator, pr ime mover , and reduc t ion gear ( i f a n y ) . 
( 4 ) Manufacturer 's t y p e and frame designa­

tion o n generator, pr ime m o v e r , and reduc t ion 
gear ( i f any) . 

( 5 ) Outpu t : in k V A fo r ac generator; in kW 
for d c generator. 

( 6 ) Vol tage rating. 
( 7 ) Kind o f rating, c o n t i n u o u s , short t ime, 

and con t inuous with 2 h, 2 5 percent over load . 
( 8 ) Temperature rise at rated load . F o r gen­

erators having a 2 h, 2 5 percent over load , the 
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with the rating should n o t e x c e e d the values 
given in Tables A l and A 2 8 . 

Balance coi ls fo r three-wire d c generators, 
when m o u n t e d separately f rom the machines , 
should n o t e x c e e d temperature rises, as given 
in Table A 2 8 . 

1 5 . 2 0 A m b i e n t Tempera ture . G e n e r a t o r s 
should be designed fo r an ambient temperature 
o f 50° C; e x c e p t in cases where generators are 
provided with enc losed ventilating systems 
with coo le r s designed t o maintain 40° C ambi­
ent temperature under the wors t cond i t i ons o f 
opera t ion, and in cases where the generator is 
loca ted in 40° C ambien t temperature, the gen­
erator ambient temperature may be taken as 
40° C and the temperature rises increased 10° C 
over those r e c o m m e n d e d in Table A 3 for ac 
generators and Tables A l and A 2 8 for d c 
generators. 

When enc losed ventilating systems with 
coo le r s are suppl ied a t he rmomete r should be 
installed t o measure the temperature o f the air 
leaving the c o o l e r . 

15 .21 Insula t ion—Voltage Tests . T h e dielectr ic 
strength o f the insulation o f ac generators 
should be tested b y the con t inuous appl icat ion 
o f alternating e l ec t romot ive fo rce o f t w o times 
normal plus 1 0 0 0 V fo r 1 min be tween all 
windings, e x c e p t field windings, and g round , 
and be tween phases. T h e dielectr ic strength o f 
the fields o f the generators should be tested b y 
the con t inuous appl ica t ion o f alternating elec­
t romot ive fo rce o f 10 t imes the exc i ta t ion vol t­
age, but in n o case less than 1 5 0 0 vol ts , be­
tween field brush rigging and ground , and be­
tween field brush rigging o f o p p o s i t e polar i ty . 

The dielectr ic strength o f the insulation o f 
d c generators should be tested b y a con t inuous 
applicat ion o f alternating e m f o f twice normal 
plus 1 0 0 0 vol ts fo r o n e minute be tween all 
circuits and g round ; be tween shunt winding 
and o ther windings; be tween brush rings o f 
oppos i t e polar i ty ; and be tween armature wind­
ings o f generators, if p rov ided with t w o c o m ­
mutators . 

1 5 . 2 2 Space Heaters. Space heaters should be 
supplied integral wi th all generators as tabu­
lated b e l o w . These heaters should be energized 
at any t ime that the temperature o f the wind­
ings o r metal parts o f the generator are l o w e r 
than the ambien t temperature . 

These heaters should mee t the fo l lowing 
r e c o m m e n d a t i o n s . 

1 5 . 2 2 . 1 L o c a t i o n . T h e heaters should be 
p laced in such loca t ion that warm air will pass 
over the windings and c o m m u t a t o r . This move­
men t o f warm air m a y be accompl i shed b y 
c o n v e c t i o n o r fo r ced circulat ion. 

NOTE: For small generators the heaters may be 
mounted on the outside of the frame to supply heat to 
the interior of the generator by conduction. 

1 5 . 2 2 . 2 T y p e . Heater units should be sealed 
against absorp t ion o f mois ture and have ter­
minals available fo r connec t ing t o the supply 
feeder. (See 1 7 . 1 4 . ) 

1 5 . 2 2 . 3 Size. T h e fo l lowing table shows 
r e c o m m e n d e d size o f heater in terms o f gener­
ator weight , exc lud ing shaft: 

Weight o f Genera to r Watts 
1 Pounds Space Heater Size 

0 - 1 0 0 0 N o n e 
1 0 0 0 - 3 0 0 0 2 5 0 - 5 0 0 
3 0 0 0 - 6 0 0 0 5 0 0 - 1 0 0 0 
6 0 0 0 - 1 0 0 0 0 1 0 0 0 - 1 2 5 0 
A b o v e 1 0 0 0 0 1 0 0 Wat t s /1000 lb 

( 2 2 0 Wat t s /1000 kg) 

1 5 . 2 3 Spare Parts. Spare parts should be pro­
vided as required b y the applicable Classifica­
t ion Socie t ies . 

1 5 . 2 4 Spare Parts S towage . Storage space o r 
spaces should b e p rov ided with the necessary 
bins, e tc , fo r s towing electr ic spare parts which 
are carried o n boa rd the vessel. Spare rotors 
and armatures should be p ro tec ted and pro­
vided wi th means fo r obtaining insulation 
resistance w i t h o u t disturbing the protect ive 
enc losure ; and should be s tored in a vertical 
pos i t ion . Insulated parts, such as coi ls , should 
be p r o t e c t e d against mois ture and rodents , 
and should be s tored in a r o o m in which the 
temperature is maintained fairly constant . 
Coils should be s tored so their original fo rm 
will b e maintained. Al l e x p o s e d rubbing sur­
faces, such as bearings, should be p ro tec ted 
against c o r r o s i o n and damage, and should n o t 
be a l lowed t o c o m e in c o n t a c t with w o o d o r 
o ther h y g r o s c o p i c substances. 

16. Storage Batteries 

16 .1 General . This part o f the R e c o m m e n d a ­
t ions relates t o storage batteries which are 
installed permanent ly in pos i t ion , and no t to 
batteries o f the por tab le t ype . 
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In general, storage batteries m a y be o f lead-
acid o r o f nickel-alkaline t y p e , due considera­
t ion being given t o the suitability fo r any 
specific appl icat ion. 

16 .2 Cons t ruc t ion and A s s e m b l y . Batteries 
should be cons t ruc ted t o withstand all cond i ­
tions incident t o installation o n shipboard , 
particularly the strain i m p o s e d b y rolling up to 
30 degrees, pi tching and vibrat ion o f the vessel, 
and exposure t o severe mois ture and salt-laden 
a tmosphere . Plates should be o f rigid const ruc­
t ion, and should be designed for the least 
practicable shedding o f active material. 

Lead plates should be f rom Vs t o lM in th ick 
depending on the service and plate d imens ions , 
e x c e p t that batteries fo r diesel engine starting 
on ly may be o f the thin type , 0 . 0 8 0 t o 1/s in 
thick. 

The specif ic gravity o f acid e lec t ro ly te , with 
the battery in fully charged c o n d i t i o n , should 
be f rom 1.210 t o 1 .220 at a temperature o f 
25° C. Diesel engine starting batteries m a y have 
e lect rolyte o f 1 .270 t o 1.285 specif ic gravity if 
the intended opera t ion o f the vessel is n o t in 
t ropical areas. 

Cells should be assembled in trays o f suitable 
material and rigid cons t ruc t ion , equ ipped with 
handles fo r conven ien t lifting. T h e n u m b e r o f 
cells in a tray will d e p e n d o n the weight and o n 
the space available fo r installation. T h e weight 
o f trays, preferably, should n o t e x c e e d abou t 
2 5 0 pounds . 

Each tray should b e p rov ided with a durable 
nameplate securely at tached, bearing the mak­
er's name and type designat ion, the ampere 
hour rating at s o m e specif ic rate o f discharge 
(preferably that co r respond ing t o the du ty fo r 
the specific appl ica t ion) and, f o r lead batteries, 
the specific gravity o f the e lec t ro ly te w h e n the 
battery is fully charged. 

Intercell c o n n e c t i o n s and terminals fo r c o n ­
nect ions be tween trays and fo r external wiring 
should be suitable fo r the m a x i m u m current t o 
be carried. F o r diesel engine cranking batteries 
with very high discharge rate this may require 
c o p p e r inserts in posts o r o ther special pro­
vision. 

16 .3 Installation and Arrangement . Batteries 
should be loca ted where they are n o t e x p o s e d 
to excessive heat, ex t reme c o l d , spray, steam, 
or other cond i t i ons wh ich w o u l d impair per­
fo rmance o r accelerate deter iorat ion. Batteries 
for emergency service, including emergency 

diesel engine cranking, should b e loca ted where 
they are p ro t ec t ed as far as pract icable f rom 
damage due t o co l l i s ion , fire, o r o ther casualty. 

Alkal ine batteries and lead acid batteries 
should n o t be installed in the same compar t ­
men t o r enclosure . In addi t ion , o n every vessel 
where b o t h alkaline and lead acid storage bat­
teries are installed, a separate set o f necessary 
maintenance t oo l s and equ ipmen t fo r each 
battery t y p e should be p rov ided . 

A large storage bat tery, such as fo r emergen­
c y lighting, should b e installed in a r o o m as­
signed t o the bat tery o n l y , but may be installed 
in a suitable d e c k b o x if n o r o o m is available. 
N o appliances subject t o sparking should be 
installed in a bat tery r o o m unless o f the 
e x p l o s i o n - p r o o f t ype . 

Batteries o f mode ra t e size ( 2 0 t o 3 6 V ) , such 
as those fo r engine cranking, c o m m u n i c a t i o n s 
supply , e tc , will be preferably installed in the 
space with the e m e r g e n c y lighting battery. 
H o w e v e r , such batteries m a y b e installed in a 
bat tery l ocke r ( o r lockers ) in the emergency 
generator r o o m , machinery space, o r o ther 
suitable l oca t ion . Batteries should n o t be 
installed in sleeping quarters. 

Small batteries o f 12 V o r less fo r emergency 
radio supply , e tc , should each be installed in a 
bat tery b o x loca ted as desired, e x c e p t that it 
should n o t be within six feet o f radio apparatus 
o r o ther del icate e q u i p m e n t wh ich w o u l d be 
m a d e inoperat ive b y slight co r ros ion f rom 
bat tery gases. 

Cranking batteries should be loca ted as 
c lose ly as pract icable t o the engine o r engines 
served, t o limit vol tage d r o p in cables with the 
high current required. 

Batteries should be arranged t o permit ready 
access fo r inspec t ion , testing, watering, and 
cleaning. Shelves in bat tery r o o m s should be 
n o t m o r e than 30 in d e e p . There should be at 
least 12 in, preferably 15 t o 18 in, clear space 
above the levels o f the filling openings . Trays 
should be readily r emovab le fo r repair or 
replacement . 

Shelves in battery r o o m s o r lockers fo r acid 
batteries should have a watertight lining o f 
sheet lead o f 7 i6 in m i n i m u m thickness, no t 
less than 3 in deep . F o r alkaline batteries, the 
shelves should be similarly l ined with steel, no t 
less than V32 in th ick. Alternat ively, a battery 
r o o m m a y be fitted with a watertight lead 
(steel fo r alkaline batteries) pan over the entire 
d e c k , carried up n o t less than 6 in on all sides. 
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D e c k b o x e s should b e l ined in a c c o r d a n c e with 
the above alternative m e t h o d . B o x e s fo r small 
batteries should be l ined t o a dep th o f 3 in 
consistent with the m e t h o d s previously de­
scribed. 

Battery trays should be securely c h o c k e d 
with w o o d strips o r equivalent t o prevent 
m o v e m e n t . Each tray should be fit ted wi th 
nonabsorben t insulating suppor ts , n o t less than 
3A in high o n the b o t t o m , and wi th similar 
spacer b l o c k s at the sides, o r wi th equivalent 
provis ion t o assure 3A in space all a round each 
tray for c irculat ion o f air. 

The interior o f all bat tery compar tmen t s , 
including shelves and o ther structural parts 
therein, should b e painted with cor ros ion-
resistant paint. 

16 .4 Vent i la t ion . Al l r o o m s , lockers , and b o x e s 
for storage batteries should be arranged and 
ventilated t o avoid accumula t ion o f f lammable 
gas. Particular a t tent ion should be given t o the 
fact that the gas involved is lighter than air, 
and will tend t o accumula te in any p o c k e t s at 
the t o p o f the space. When batteries are ar­
ranged in t w o o r m o r e tiers, all shelves e x c e p t 
the lowes t should have n o t less than 2 in space, 
front and back , fo r c i rcula t ion o f air. 

Al l battery r o o m s should be adequate ly ven­
tilated. Natural venti lat ion may be e m p l o y e d if 
ducts can be run direct ly f rom the t o p o f the 
r o o m to the o p e n air a b o v e , with n o part o f the 
cut m o r e than 4 5 degrees f rom vertical. If 
natural venti lat ion is impract icable , mechanical 
exhaust venti lat ion should be p rov ided with 
intake at the t o p o f the r o o m . Fans should be 
capable o f c o m p l e t e l y changing the air in the 
battery r o o m in n o t m o r e than t w o minutes . 
Interior surfaces o f ducts and fans should be 
painted with corrosion-resist ing paint. A d e ­
quate openings fo r air inlet should be p rov ided 
near the f loo r . 

Battery lockers should , if pract icable , be ven­
tilated similarly t o bat tery r o o m s b y a d u c t led 
f rom the t o p o f the l ocke r to the o p e n air o r to 
an exhaust venti lat ion duc t , but , in machinery 
spaces and similar well-ventilated compar t ­
ments , the duc t m a y terminate n o t less than 3 
ft above the t o p o f the locke r . Louvers o r 
equivalent should be p rov ided near the b o t t o m 
for entrance o f air. 

D e c k b o x e s should be p rov ided with a duc t 
f rom the t o p o f the b o x , terminating at least 4 
ft above in a g o o s e neck , m u s h r o o m head, o r 

equivalent t o prevent entrance o f water. Holes 
fo r air inlet should be p rov ided o n at least t w o 
o p p o s i t e sides o f the b o x . T h e entire d e c k b o x , 
including open ings fo r venti lat ion, should be 
sufficiently weathert ight t o prevent entrance o f 
spray o r rain. 

B o x e s fo r small batteries require n o ventila­
t ion o ther than open ings near the t o p t o permit 
escape o f gas. 

16 .5 Bat tery Rat ing. T h e capaci ty o f any 
battery should be adequate fo r its applicat ion 
and du ty , cons ider ing the t ime and rate o f 
discharge. 

T h e capac i ty o f batteries fo r emergency 
lighting and p o w e r should be as stated in Sect ion 
3 6 . Where the vol tage o f the emergency lighting 
system is the same as that o f the general light­
ing, battery vol tage at rated rate o f discharge, 
should be n o t m o r e than 1 0 5 percent o f gen­
erator vol tage w h e n fully charged and n o t less 
than 8 7 . 5 percen t at the end o f rated discharge. 

Batteries fo r diesel engine cranking should 
have a m a x i m u m o u t p u t sufficient t o assure 
break-away t o rque at the lowes t e x p e c t e d 
temperature, and capac i ty fo r n o t less than IV2 
min o f cranking at a speed sufficient t o assure 
starting and o f sufficient capaci ty t o provide at 
least six starts consecu t ive ly w i thou t recharging. 

1 6 . 6 Charging Facilities. F o r floating service, 
o r for any o the r c o n d i t i o n where the load is 
c o n n e c t e d t o the bat tery while it is o n charge, 
the m a x i m u m bat tery vol tage should n o t ex­
ceed a safe value fo r any c o n n e c t e d apparatus. 
A vol tage regulator should be used for any 
appl icat ion where safe vol tage canno t other­
wise be assured. T h e vol tage characteristics o f 
the generator , o r generators, which will operate 
in parallel wi th the bat tery must be suitable for 
each appl ica t ion . 

Where a low-vol tage battery is f loated o n the 
line with a resistor in series, all c o n n e c t e d ap­
paratus must b e capable o f withstanding line 
vol tage t o g round . 

Where the vol tage o f an emergency lighting 
battery is the same as the ship's d c supply, the 
battery may be arranged fo r charging in t w o 
equal sec t ions , a charging resistor being pro­
vided for each. Alternat ively, a boos te r gener­
ator m a y p rov ide charging vol tage. With either 
m e t h o d , the arrangement o f automat ic transfer 
switching should be such that emergency 
supply is available whether the battery is o n 
charge o r no t . 
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17. Switchboards 

17.1 Installation and L o c a t i o n . T h e switch­
boards should be installed in a dry p lace , away 
f rom the vicini ty o f steam, water, and oil pipes 
and should be so loca ted as t o be accessible 
f rom the front and rear. T h e space in the rear 
o f the swi tchboard should be ample t o permit 
maintenance, in general, n o t less than 24 in in 
the clear, e x c e p t that this m a y be reduced t o 
18 in in way o f stiffeners and frames. Where 
practicable, access f r o m b o t h ends should be 
provided . T h e space in front o f the switch­
board should be unobs t ruc ted and ample for 
operat ion, maintenance, and removal o f equip­
ment , in general n o t less than 3 6 in for l o w -
voltage swi tchboards and greater as required 
for medium-vol tage swi tchboards . Clearances 
should be p rov ided fo r current-carrying parts 
to ground per 1 7 . 1 1 . S w i t c h b o a r d s should be 
installed on a base wh ich rises above the 
adjacent deck plating; bu t t o avoid excessive­
ly high foundat ions , cons idera t ion may be 
given to pro tec t ing the l o w e r p o r t i o n o f the 
swi tchboard b y watertight barriers and suitable 
drains. A n insulating mat o r grating should be 
provided o n the d e c k in front and rear o f the 
swi tchboard ex tending the entire length and o f 
sufficient width t o suit the operat ing space. Tie 
rods o r braces t o the ship's structure may be 
utilized as needed . 
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When the space in the rear o f the switch­
board is accessible t o unauthor ized personnel , 
an enclosure should be p rov ided . T h e enclosure 
m a y be made o f e x p a n d e d metal sheets o r solid 
metal sheets wi th suitable ventilating louvers 
with d o o r s arranged fo r lock ing . Where this ar­
rangement is n o t feasible, enclosure sheets o r 
grille may be m o u n t e d o n the swi tchboard 
f ramework . Enc losure covers m o u n t e d o n the 
swi tchboard f r amework m a y be bo l t ed on , 
easily r emovab le , hinged, o r arranged for slid­
ing as de te rmined b y the cond i t ions o f the 
particular installation. Grille w o r k should be 
sect ional ized at panel jo in ts . 

1 7 . 2 Cons t ruc t ion fo r L o w - V o l t a g e ( 6 0 0 V ) 
Swi tchboards . Al l swi tchboards should be o f 
the dead-front t ype where the voltage is in 
excess o f 4 8 V and arranged t o provide ready 
access to devices fo r rep lacement and mainte­
nance. T h e front panel sect ions u p o n which are 
m o u n t e d instruments, relays, switches, o r o ther 
devices having numerous wiring connec t ions 
should be hinged unless the arrangement o f the 
rear m o u n t e d equ ipmen t is such as t o permit 
ready access f rom the rear wi thou t undue 
hazard t o the opera tor . Hinged panel sections 
should also be p rov ided when such panel sec­
t ions are in f ront o f and are the principal 
means o f access t o apparatus m o u n t e d within 
the swi tchboard structure requiring per iodic 
inspect ion , adjustment, o r maintenance. 
Hinged panels exceed ing a height o f 4 5 in o r a 
wid th o f 2 4 in, should be p rov ided with panel 
posi t ioners . This e q u i p m e n t includes con t ro l o r 
pro tec t ive relays, air circuit breakers, and auto­
mat ic bus transfers. Bo l t ed o n , easily remov­
able panel sect ions should be p rov ided in front 
o f apparatus which is m o u n t e d o n the switch­
board f r amework and which either d o e s n o t 
require pe r iod ic inspec t ion , adjustment, o r 
maintenance , o r wh ich should be r emoved 
f rom the swi tchboard for such inspect ion , ad­
jus tment , o r maintenance . Small stationary 
sect ions may be used fo r moun t ing such equip­
men t as field rheostats, field switches , and 
indica tor lights, if access is p rov ided for main­
tenance f rom the rear o r through adjacent 
hinged o r r emovab le sect ions . 

All swi tchboards should include dr ip-proof 
covers fo r the t o p and pro tec t ive covers for the 
ends o f the structure. T h e end covers should be 
m a d e o f sheet steel p rov ided with ventilating 
louvers o r grilles w h e n required and should ex­
tend f rom the front t o the rear o f the struc-

E x c e p t as o therwise p rov ided b e l o w , the 
charging facilities f o r any battery should be 
such that the battery can be c o m p l e t e l y 
charged in n o t m o r e than 8 h w i thou t exceed ­
ing a safe charging rate. Low-vo l t age batteries 
provided in dupl icate fo r c o m m u n i c a t i o n s 
supply ( o n e in service, the o ther o n charge) 
should be charged at a rate commensura t e with 
the average discharge rate. 

F o r batteries wh ich normal ly stand idle for 
long per iods , tr ickle charging t o neutralize 
internal losses should be p rov ided , where 
practicable. 

The charging equ ipmen t fo r all batteries 
with a voltage m o r e than 2 0 percent o f line 
voltage should p rov ide au tomat ic p ro t ec t ion 
against reversal current. 

16 .7 Over load Pro tec t ion . Fuses may be used 
for the p ro tec t ion o f emergency lighting stor­
age batteries instead o f circuit breakers up t o 
and including 6 0 0 A rating. 
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n o t be b roken o r dis tor ted b y manual oper­
ation. 

17 .3 Cons t ruc t ion f o r Med ium-Vol t age ( 5 k V ) 
Metal-Clad Swi t chboa rds . Metal-clad switch­
boards should be used fo r medium-vol tage class 
systems. General ly , the cons t ruc t ion should be 
similar to that descr ibed in 1 7 . 2 for l ow-
vol tage class swi tchboards bu t with the fo l low­
ing addit ional features: 

Metal-clad swi tchboards should b e p rov ided 
with metal barriers be tween primary sect ions 
o f adjacent units and be tween major primary 
sect ions o f each circui t . Primary sect ions are: 
the bus c o m p a r t m e n t ; the primary entrance 
c o m p a r t m e n t ; the r emovab le e lement compar t ­
men t ; the potent ia l t ransformer(s) compar t ­
men t ; and the c o n t r o l transformer^s) compar t ­
ment . T o min imize the possibi l i ty o f c o m m u n i ­
cating faults b e t w e e n pr imary sect ions, the 
barriers be tween primary sect ion should have 
n o intent ional open ings . A u t o m a t i c shutters 
should be p rov ided in the stationary structure 
t o prevent accidenta l c o n t a c t wi th live parts o f 
the primary circui t w h e n the circuit breaker is 
in the test pos i t ion , d i s connec t ed pos i t ion , o r 
has been r e m o v e d . Primary o r power-carrying 
bus, c o n d u c t o r s , and c o n n e c t i o n s should be 
c o v e r e d wi th a flame-retardant (where prac­
t icable) insulating material th roughout . Each 
c o n d u c t o r shall have an insulating cover ing that 
b y itself will withstand the m a x i m u m rated 
line-to-line vol tage be tween the c o n d u c t o r and 
outs ide surface o f the insulating cover ing for a 
per iod o f 1 min . Where possible , jo ints should 
b e c o m p l e t e l y c o v e r e d b y insulating material at 
the fac to ry ; fo r jo in t s wh ich must be made o n 
shipboard , insulating material should be sup­
plied for appl ica t ion in acco rdance with the 
swi t chboard manufacturers instructions. 

Mechanical in ter locks should be p rov ided on 
metal-clad swi tchboards as f o l l o w s : 

( 1 ) T o prevent m o v i n g the circuit breaker to 
o r f rom the c o n n e c t e d pos i t ion when the 
switching dev ice is in the c lo sed pos i t ion . 

( 2 ) T o prevent c los ing the switching device 
unless the pr imary d i sconnec t ing devices are in 
full c o n t a c t o r are separated b y a safe distance. 

( 3 ) Means should be p rov ided for posit ively 
hold ing the circui t breaker in place in the hous­
ing when it is in either the c o n n e c t e d o r test 
pos i t ion . When a separate d i sconnec ted posi­
t ion is p rov ided with the d o o r c losed , the cir­
cui t breaker should be posi t ively held in this 
pos i t ion . 

ture. T h e covers o n the t o p o f the structure 
should be bo l t ed o n , easily removab le . Side 
covers may be made a permanent part o f the 
structure when removal is n o t required for 
maintenance o r access purposes . 

Insulating material such as panels, bases, bus, 
and c o n n e c t i o n suppor ts should be made o f 
impregnated e b o n y asbestos, laminated p h e n o ­
lic material, o r the equivalent . T h e insulating 
material should be o f high dielectr ic and 
mechanical strength and mois ture resistant. 
Metal panels may be used p rov ided all current-
carrying parts are p roper ly insulated. 

A n o n c o n d u c t i n g hand rail o r rails at tached 
to the front o f the swi tchboard o r panels 
should be p rov ided ; a hor izonta l rail is per-
ferred. N o n c o n d u c t i n g guard rail p ro t ec t ion 
should also be p rov ided at the rear o f all 
swi tchboards . 

Terminal b l o c k s should be p rov ided o n the 
f ramework c lose ly adjacent t o the wire l o o p t o 
hinged panels fo r d i sconnec t ing these wires. 
Terminal b l o c k s , p roper ly marked, should be 
provided for all ou tgo ing instrument and c o n ­
trol wires and for connec t i ng f rom o n e ship­
ping sect ion o f the swi tchboard t o another , 
e x c e p t for instrument shunt leads o r meter 
shunt leads. 

Metal cases o f instruments o r o ther devices 
should be g rounded . T h e swi tchboard frame­
w o r k should also be g rounded . 

All small wiring fo r instrument and c o n t r o l 
circuits should n o t be smaller than # 1 4 A W G 
(Amer ican Wire Gauge) stranded and should be 
flame-retardant and capable o f passing vertical 
flame test per Sec t ion 31 o f A N S I C 3 3 . 8 0 -
1 9 7 5 , Safety Standard for Thermoplas t ic -
Insulated Wires ( U L 83-Apri l 1 9 7 2 ) , 6 0 0 V 
insulated wire t ype T A , T B S , o r SIS per A N S I 
C l - 1 9 7 5 (Nat ional Electrical C o d e ) , article 
3 1 0 - 1 3 . Connec t i ons to hinged panels should 
be with the extra-flexible type . 

All groups o f small wiring should be ade­
quately secured t o the swi tchboard panels o r 
f ramework in such a manner as t o prevent 
chafing, cutt ing o f the insulation, o r excessive 
m o t i o n caused b y vibrat ion. Al l p o w e r cables 
should be secured adequate ly t o prevent 
m o t i o n caused b y vibrat ion and t o withstand 
the m a x i m u m calculated short-circuit current. 

All levers, handles, hand wheels , in ter locks, 
and their c o n n e c t i n g links, shafts, and bearings 
for the opera t ion o f switches and con tac to r s 
should be o f such p ropor t ions that they will 
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Range of Voltmeter 
System Voltage Scale 

1 1 5 - 1 2 0 0 -150 
2 2 0 - 2 4 0 0 -300 
4 4 0 - 4 8 0 0 -600 

2400 0 -3000 
4160 0 - 5 2 5 0 

A m m e t e r scales should be o f sufficient range 
t o indicate m a x i m u m current under normal 
operat ing c o n d i t i o n s and should indicate n o t 
less than 1 1 0 percent t o 1 5 0 percent o f the 
normal current rating f o r circuits which are no t 
subjected t o o ther than m o m e n t a r y over load . 
F o r circuits that m a y be subject t o 25 percent 

30 

exhaust gases should b e so cons t ruc ted as t o 
prevent foreign materials f rom entering the 
breaker. 

17 .4 Dev ice Design Characteristics. T h e design 
o f all current-carrying devices o r parts o f 
swi tchboards should c o n f o r m t o the latest stan­
dards specif ied in the related sect ions o f IEEE 
standards e x c e p t as these characteristics may 
be m o d i f i e d herein. 

Al l devices should be capable o f withstanding 
shipboard vibrat ion w i t h o u t damage o r faulty 
opera t ion and should opera te successfully 
when incl ined at an angle o f 30 degrees in any 
d i rec t ion f rom the vertical. 

Al l switching devices , applied o n o r operated 
f rom p o w e r swi tchboards , should have a rated 
capaci ty at least as great as the m a x i m u m con­
t inuous current rating o f the apparatus c o n ­
trol led. F o r apparatus having an over load rating 
o f 30 min o r m o r e , all switching devices should 
have a rated capaci ty at least as great as the 
over load rating. F o r apparatus having high 
short-t ime current ratings, all switching devices 
should have a capaci ty o f such value that the 
devices will n o t e x c e e d a safe temperature rise. 

Al l electrical indicating instruments should 
be in acco rdance with the requirements o f 
A N S I C 3 9 . 1 - 1 9 7 2 , Requ i r emen t for Electrical 
A n a l o g Indicat ing Instruments. All instruments 
should be o f the swi tchboard type e x c e p t those 
for battery charging e q u i p m e n t may be o f the 
panel type having an accuracy class o f 2.0 or 
less. The swi tchboard- type instruments should 
preferably be o f the 2 5 0 degree nomina l scale 
type . 

V o l t m e t e r scales should be based o n the volt­
age systems used o n the vessel as f o l l o w s : 

( 4 ) T o prevent the d i s c o n n e c t i o n o f and 
access t o fuses o n the primary side o f c o n t r o l 
p o w e r transformers unless the secondary cir­
cuit is o p e n . 

( 5 ) Circuit breakers equ ipped with s tored 
energy mechanisms should be designed t o pre­
vent the release o f the s tored energy unless the 
mechanisms have been fully charged. In ter locks 
should be p rov ided in the housing t o prevent 
the c o m p l e t e withdrawal o f the circuit breaker 
f rom the housing when the s tored energy 
mechanism is in the fully charged pos i t ion . In 
lieu o f the in ter lock, a suitable dev ice may be 
provided which prevents the c o m p l e t e with­
drawal o f the circuit breaker until the closing 
funct ion is b l o c k e d . 

Instruments, meters , relays, secondary c o n ­
trol devices , and their wiring should be isolated 
by grounded metal barriers f rom ail primary 
circuit e lements wi th the e x c e p t i o n o f short 
lengths o f wire such as at instrument trans­
former terminals. 

The d o o r through which the circuit interrupt­
ing device is inserted in to the housing m a y 
serve as an instrument or relay panel and may 
also provide access t o a secondary o r c o n t r o l 
compar tmen t within the housing. 

Potential transformers and their fuses should 
be m o u n t e d in a separate c o m p a r t m e n t with 
means for d i sconnec t ing f rom the primary cir­
cuit before access can be ob ta ined t o either the 
transformer o r its primary fuses. Provision 
should be made fo r d i sconnec t ing o r auto­
matically grounding the secondary circuits 
when d isconnec t ing the primary circuit . Pro­
vision should be made for momenta r i ly ground­
ing the primary o f potent ia l transformers dur­
ing the d i sconnec t ing opera t ion . 

Small wiring c o n n e c t i o n s be tween the hous­
ing and the circuit breaker should be prov ided 
with means for au tomat ic d i s c o n n e c t i o n when 
the circuit breaker is m o v e d f rom the c o n ­
nected pos i t ion and t o reinstate them in the 
test pos i t ion unless means are p rov ided t o sus­
tain con t ro l c o n n e c t i o n s be tween c o n n e c t e d 
and test posi t ions . 

O n e set o f test jumpers o r their equivalent 
should be p rov ided f o r each installation t o 
c o m p l e t e all secondary c o n n e c t i o n s fo r test in 
the d i sconnec ted pos i t ion . 

Metal-clad switchgear should be enc losed in 
d r ip -proof enclosures equ ipped with front 
hinged panels with hand-operated latches and 
bo l t ed rear covers . Duc t s o r grilles fo r venting 
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the breaker. Use o f plug-in o r draw-out type 
breakers w h i c h d o n o t require use o f an in­
sulated w r e n c h f o r removal is preferred. 

F o r all o the r requirements , circuit breakers 
and knife switches should c o n f o r m with the 
latest requirements o f the Underwri ters ' Lab­
oratories Standard e x c e p t fo r the calibration o f 
thermal trip circui t breakers wh ich should be 
calibrated fo r an ambien t temperature o f 50° C 
as r e c o m m e n d e d in 1 7 . 6 . 

1 7 . 6 Temperatures . Swi t chboa rd apparatus 
primarily designed fo r use in a m a x i m u m am­
bient temperature o f 4 0 ° C may be used in a 
50° C ambien t temperature p rov ided that the 
primary con tac t s and jo in ts are silver surfaced 
o r equivalent and p rov ided that normal opera­
t ion d o e s n o t result in total temperatures in 
excess o f : 

9 0 ° C fo r class 9 0 insulation 
105° C fo r class 1 0 5 insulation 
130° C fo r class 1 3 0 insulation 
1 5 5 ° C fo r class 1 5 5 insulation. 

In addi t ion t o these limits o n insulating materi­
als, the temperature rises specif ied in other 
IEEE o r A N S I Standards fo r various switch­
board parts and devices will also apply for 
these swi tchboard appl icat ions in a 50° C am­
bient temperature . 

Circuit breakers o f the molded-case thermal 
t y p e should be calibrated o r ambient c o m ­
pensated fo r an ambien t temperature o f 50° C. 

17 .7 Arrangement o f Swi t chboa rd Equipment . 
T h e devices wh ich are opera ted o r observed 
f rom the f ront o f the swi tchboard should be 
arranged to p rov ide the greatest degree o f safe­
ty and c o n v e n i e n c e fo r operat ing personnel . 
Molded-case c i rcui t breakers may be m o u n t e d 
vertically o r hor izon ta l ly . If m o u n t e d hori­
zonta l ly , the center line o f 4 0 0 A frame and 
larger circuit breakers should no t be m o u n t e d 
higher than 7 2 in above the b o t t o m o f the 
swi tchboard . When interrupting devices such as 
air circuit breakers are m o u n t e d o n e above the 
other , there should be adequate spacing for the 
arcing o r o therwise pro tec t ive barriers installed. 
Barriers should also be p rov ided , if necessary, 
t o prevent arcing t o o the r adjacent equ ipment . 

A m i n i m u m clearance o f 4 in be tween live 
parts and the b o t t o m o f the swi tchboard shall 
be maintained. 

Particular a t tent ion should be given to the 
arrangement o f buses and c o n n e c t i o n s t o pro-

over loads , the ammete r scale should b e a mini­
m u m o f 1 3 5 percent o f normal current . 

Vol tage regulator e lements should be p ro­
vided with enclos ing cases t o p ro t ec t t hem 
f rom damage. 

D o u b l e - t h r o w switches o f the o p e n type 
(live-front) m o u n t e d within the swi tchboard 
enclosure should preferably be m o u n t e d 
horizontal ly . Where vertically m o u n t e d , they 
should be p rov ided wi th suitable means fo r 
retaining blades in the " o p e n " pos i t ion in ac­
co rdance with article 380-6 o f A N S I C l - 1 9 7 5 , 
National Electrical C o d e . 

Feeder and branch circuits should be c o n ­
nected t o the fuse end o f switches and co i l end 
o f circuit breakers. When a switch o r links are 
provided t o d i s c o n n e c t the generator circuit 
breaker f rom the bus o r w h e n the generator 
circuit breaker is o f the draw-out t y p e , gener­
ator c o n n e c t i o n s m a y be made t o either end o f 
the breaker. 

Corrosion-resistant parts should be in accor ­
dance with 2 . 2 6 . 

17 .5 Circuit Breakers. T h e current rating o f 
circuit breakers should be the value o f current 
the breakers will carry con t inuous ly w i thou t 
exceeding the specif ied temperature rise. 
Low-vol tage p o w e r circuit breakers m a y be 
equ ipped with overcurrent trip devices o f the 
e lec t romechanica l o r static type . T h e overcur­
rent devices m a y be equ ipped with t ime over-
current trips ( long t ime o r short t ime, o r b o t h ) , 
instantaneous trips o r c o m b i n a t i o n trip units. 

T h e t ime overcurrent trips should be adjust­
able o n p o w e r circui t breakers but need n o t be 
adjustable on molded-case circui t breakers. 

Medium-vol tage class circuit breakers normal­
ly utilize separate e lec t romechanica l o r static-
type relays fo r overcurrent sensing bu t direct 
acting overcurrent units may b e used. Separate 
relays should be the three-phase type . Con t ro l 
p o w e r fo r tripping circui t breakers should be 
f rom a battery source wi th an automat ic 
charger o r capac i tor t y p e storage ac circuit 
breaker trip units m a y be used. 

Arc ing con tac t s , e x c e p t those used in m o l d e d 
case circuit breakers, should be easily renew­
able. All circuit breakers should be o f the trip-
free type . 

Al l circuit breakers o f the molded-case t y p e 
should b e m o u n t e d o r arranged in such a man­
ner that the breaker m a y be r e m o v e d f rom the 
front w i t h o u t d i sconnec t ing the c o p p e r o r 
cable c o n n e c t i o n s o r deenergizing the supply t o 
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percent o f the generator rating fo r con t inuous 
rated machines and shou ld n o t e x c e e d 15 per­
cen t above the over load f o r special rated 
machines . 

Genera to r low-vol tage ci rcui t breakers should 
also have short t ime-delay trips. F o r med ium-
vol tage ci rcui t breakers, the overcurrent relay 
short-t ime feature m a y n o t be required if the 
long-t ime characteristic provides the needed 
p ro t ec t ion . Where three o r m o r e generators are 
opera ted in parallal, the generator breakers 
should also have instantaneous trips wh ich are 
set at a value in excess o f the m a x i m u m short-
circuit con t r ibu t ion o f the individual generator. 

In order t o p rov ide the m a x i m u m obtainable 
degree o f p r o t e c t i o n fo r the generator, the 
overcurrent trips shou ld b e set at the lowes t 
values o f current and t ime wh ich will c o m p l y 
with the r e c o m m e n d a t i o n s o f Sec t ion 2 1 . 3 0 . 

When t w o o r m o r e generators are t o operate 
in parallel, each generator should be p ro tec t ed 
against reverse p o w e r f l o w . If reverse p o w e r re­
lays are used w h i c h m a y opera te at very l o w 
values o f p o w e r reversal, a t ime-delay feature 
should b e inco rpora t ed t o prevent the tripping 
o f breakers during switching opera t ions . 

17 .8 .2 .3 Direct-Current Generators. 
( 1 ) Generator Overload and Short Circuits. 

Generators should b e p ro t ec t ed b y means o f 
trip-free p o w e r circui t breakers having inverse 
t ime overcurrent instantaneous trips as shown 
in Figs A l t o A 1 0 . T h e t ime overcurrent trip 
should be set at a value n o t t o e x c e e d 1 1 5 per­
cen t o f the generator rating f o r con t inuous 
rated machines and at a value n o t t o e x c e e d 15 
percen t above the ove r load rating f o r 1 2 5 per­
cen t 2 h ove r load o r special rated machines . Al l 
generator c ircui t breakers should b e p rov ided 
wi th an instantaneous trip set b e l o w the maxi­
m u m generator short-circuit current t o reduce 
the l i ke l i hood of , and min imize the damage 
f r o m , c o m m u t a t o r f lashover. In order t o pro­
vide the m a x i m u m obta inable degree o f p ro tec­
t ion f o r the generator , the instantaneous trip 
should b e set at the l owes t value o f current 
w h i c h will c o o r d i n a t e wi th the trip settings o f 
feeder o r b a c k u p circui t breakers supplied b y 
the generator (see S e c t i o n 2 1 . 3 0 ) . 

( 2 ) Generator Neutral Overcurrent. Pro­
vision should b e m a d e t o indicate overcurrent 
in the neutral o f three-wire generators b y 
means o f a relay and alarm sys tem. T h e relay 
should b e set t o func t ion at a value o f current 
equivalent t o 2 5 percen t o f the rating o f the 

vide space fo r cables and accessibil i ty fo r mak­
ing cable c o n n e c t i o n s . 

In general, all fuses e x c e p t fo r instrument 
and c o n t r o l circuits, should be accessible f rom 
the front o f the swi tchboard . 

When rheostats o r o the r devices that m a y 
operate at high temperatures are m o u n t e d o n 
the swi tchboard , they should be so loca ted o r 
isolated b y barriers and naturally ventilated t o 
prevent excessive temperature o f c o p p e r o r 
adjacent devices . When this c a n n o t be a c c o m ­
plished, the rheostat o r o the r dev ice should be 
m o u n t e d separate f rom the swi tchboard . 

O n ac swi tchboards , the s y n c h r o s c o p e and 
synchronizing lamps should be loca ted so as t o 
be readily visible f rom the pos i t ion at wh ich 
the opera tor con t ro l s the i n c o m i n g generator. 
Vol tage adjusting rheostats shou ld b e loca t ed 
c lose t o their respective generator vol tmeters . 
The f requency mete r should be visible f rom the 
prime m o v e r speed c o n t r o l switches. 

If voltage regulators and their accessories fo r 
t w o o r m o r e generators are l oca t ed in the same 
sect ion o f the swi tchboard , the devices fo r each 
generator should b e isolated b y a barrier. 

Buses and primary c o n n e c t i o n s should be 
arranged so that, f o r three-phase assembled 
swi tchboards , the phase sequence is A , B , C, 
and fo r direct-current assembled swi tchboards , 
the polarities are posi t ive, neutral, negative, 
front t o back , t o p t o b o t t o m , and left t o right, 
as v iewed f rom the f ront o f the swi tchboard . 

1 7 . 8 Protect ive Func t ions . T h e fo l l owing auto­
matic pro tec t ive funct ions should be p rov ided : 

17 .8 .1 Pro tec t ion — General . Re fe r t o 2 1 . 3 0 . 
17 .8 .2 Genera tor P ro tec t ion . 

17 .8 .2 .1 General. Molded-case circui t break­
ers may be used in p lace o f p o w e r circui t 
breakers for generators rated less than 2 5 kW, 
and n o t arranged fo r parallel opera t ion . 

T h e generator circui t breaker shou ld b e p ro ­
vided with a dev ice c o n n e c t e d so that it will b e 
t r ipped under the c o n d i t i o n s descr ibed in 
1 5 . 1 4 . 

1 7 . 8 . 2 . 2 Alternating-Current Generators. 
( 1 ) Generator Overload, Short Circuit, and 

Reverse Power. Generators should b e p ro t ec t ed 
b y means o f trip-free low-vol tage p o w e r circuit 
breakers having long- t ime overcurrent trip 
units, o r b y medium-vol tage ci rcui t breakers 
and overcurrent relays with long- t ime p i c k u p 
characteristics. T h e p i c k u p setting o f the long­
t ime overcurrent trip should n o t e x c e e d 1 1 5 
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generator o r at a value n o t exceed ing the rating 
at the generator neutral. N o over load trip fea­
ture should be p rov ided o n the neutral p o l e o f 
the generator circuit breaker, but the neutral 
po le should opera te s imultaneously wi th the 
o ther poles o f the generator circuit breaker. 

( 3 ) Generator Reverse Current. Where gen­
erators are opera ted in parallel, the generator 
breakers should be p rov ided with a reverse-cur­
rent trip wh ich will opera te t o trip the breaker 
o n current reversals o f sufficient magni tude t o 
cause injurious effects o n the mach ine o r pr ime 
mover . T h e reverse-current device should 
operate o n reversals o f 15 percent o r greater o f 
generator rating fo r diesel driven generators, 
and o f 5 percent o r greater fo r turbine driven 
generators. Reverse-current relays may be pro­
vided to trip the generator breaker in lieu o f 
direct-acting reverse-current trip at tachments . 

When reverse-current relays are used which 
may operate at very l o w values o f p o w e r rever­
sal, a t ime feature should be incorpora ted t o 
prevent the tr ipping o f breakers during switch­
ing opera t ions . T h e t ime features m a y be o b ­
tained by using a t ime undervol tage device t o 
trip the circuit breaker. 

( 4 ) Generator Overspeed. The generator 
circuit breaker should be p rov ided with an 
undervol tage device c o n n e c t e d so that it m a y 
be tr ipped f rom an overspeed a t tachment o n 
the generator o r pr ime move r . T h e undervol t ­
age device should trip all po les o f the circuit 
breaker. (See 15 .9 and 1 5 . 1 0 . ) 

17 .8 .3 Feeder Cables—Over load and Short-
Circuit P ro tec t ion . F o r each distr ibution cir­
cuit , a switch o r circuit breaker, with a p o l e fo r 
each c o n d u c t o r , shou ld be p rov ided e x c e p t 
for three-phase g rounded systems where the 
g rounded c o n d u c t o r need n o t be o p e n e d . 
Fused switches may be used up t o 2 0 0 A ; cir­
cuit breakers, o f the molded-case o r the p o w e r 
type , should be used and are preferred fo r all 
circuits. Overcurrent p ro t ec t i on should be pro­
vided fo r all ung rounded c o n d u c t o r s . Fuses 
should n o t be , and circuit breaker over load 
trips need n o t b e , p rov ided fo r the neutral 
c o n d u c t o r o f a three-wire d c g rounded system. 

17 .8 .4 C o n t r o l Circui ts—Overload and Short-
Circuit P ro tec t ion . Al l c o n t r o l circuits e x c e p t 
those listed in the fo l lowing paragraph should 
be p ro tec t ed b y fuses, o n e in each line, loca ted 
as c lose ly as poss ib le t o the source o f p o w e r . 

N o fuses shou ld b e installed in any circuit 
where the open ing o f the fuse might in t roduce 

a hazard in ope ra t ion , such as: 
electr ic p ropu l s ion c o n t r o l circuits; 
circuit breaker tr ipping con t ro l circuits; 
supply circuits fo r vol tage regulators. 

NOTE: On electric propulsion installations involving 
especially complex control circuits and a considerable 
amount of grouped wiring, consideration may be given 
to the use of protective fuses. The capacity of the fuses 
should be several times the normal current of the cir­
cuits protected so that they will function only on 
fault currents. 

17 .8 .5 Potent ial Circuit Overcurrent Protec-
tec t ion . Each c o n d u c t o r fo r potent ial circuits 
t o instruments, p i lo t lamps, and ground de­
t ec to r lamps should be p ro t ec t ed by fuses. 

In addi t ion , potent ia l transformers, provided 
they are n o t installed in any circuit where the 
open ing o f a fuse w o u l d in t roduce a hazard t o 
opera t ion , should be p ro t ec t ed for short circuit 
b y fuses in the primary on ly . If instruments are 
c o n n e c t e d t o the secondaries o f potential trans­
formers that are also c o n n e c t e d to reverse 
p o w e r relays, the instruments should be fused 
in a manner that d o e s n o t affect the reverse 
p o w e r relays in the event o f a fuse opening. 
T h e t ransformer and its primary fuse protec­
t ion should be designed so that in the event o f 
short circuit on the secondary side the pri­
mary fuse will o p e n . T h e primary fuse size 
should be n o greater than 6 A . 

NOTE: The potential transformer should operate satis­
factorily with a temperature rise of 30 C based on an 
ambient temperature of 55 C. 

1 7 . 8 . 6 Steering Gear Feeder Circuit Breaker. 
T h e steering gear feeder circuit breaker, in 
quanit i ty as required, should be o f the instan­
taneous-tr ip-only t y p e , and should provide 
con tac t s t o opera te o n audible alarm loca ted at 
the principal c o n t r o l station in accordance with 
2 8 . 3 . 1 . 

17 .8 .7 Shore P o w e r Feeder Pro tec t ion . When 
a shore p o w e r feeder is installed, a circuit 
breaker with a p o l e fo r each c o n d u c t o r should 
be p rov ided fo r c o n n e c t i n g it t o the switch­
board bus and should preferably be m o u n t e d 
o n the f ront o f the swi tchboard . A n indicating 
light shou ld indicate w h e n p o w e r is available 
f rom shore . 

1 7 . 9 Ground ing o f Instrument Transformers. 
T h e secondary windings o f instrument trans­
formers should be g rounded . 

1 7 . 1 0 G r o u n d i n g Three-Wire Dual-Vol tage D C 
Systems. T h e neutral c o n n e c t i o n o f three-wire 
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2 3 0 / 1 1 5 V d c systems should be sol id ly 
g rounded at the generator swi tchboard with a 
center zero ammete r in the g round c o n n e c ­
tions. T h e center ze ro ammete r should be 
equ ipped with a shunt, having a full scale read­
ing o f 1 5 0 percent o f the neutral current rating 
o f the largest generator and marked " p l u s " and 
" m i n u s " t o indicate the polar i ty o f grounds . 

The ground c o n n e c t i o n should b e made in 
such a manner that it will n o t prevent check ing 
the insulation o f the generator t o g round be­
fore the generator is c o n n e c t e d t o the bus. 

N o direct g round c o n n e c t i o n should be pro­
vided at the emergency swi tchboard , but the 
neutral bus o r buses ( t empora ry and final) o f 
the emergency swi tchboard should be sol idly 
and permanent ly c o n n e c t e d t o the neutral bus 
o f the main generator swi tchboard . T h e capaci­
ty o f this neutral c o n d u c t o r should be the same 
as that o f the posi t ive and negative c o n d u c t o r s . 
N o interrupting device should be p rov ided in 
the neutral c o n d u c t o r o f the bus tie feeder c o n ­
necting the t w o swi tchboards . 

17 .11 Bus Bars and C o n n e c t i o n s . Al l switch­
boards should be fit ted wi th c o p p e r o r alumi­
num bus bars and c o n n e c t i o n s appl ied o n the 
basis o f the cross sec t ion required fo r the cir­
cuit ampere rating, e x c e p t as n o t e d herein. 
Provisions should be made fo r withstanding me­
chanical strains i m p o s e d b y inrush current and 
available system short-circuit currents. 

Connec t ions should b e p rov ided wi th silver-
or tin-plated con tac t s . Plating should n o t s h o w 
a t endency t o peel o f f under normal operat ing 
condi t ions . 

T h e bus size should b e selected o n the basis 
o f limiting the bus bar temperature rise t o 
50° C at rated current. Tab le A 2 7 m a y be used 
in determining the necessary bus bar size. 

Buses should be designed o n the basis o f 
generator capaci ty and feeder loads . F o r a 
single generator, the generator bus should have 
a capaci ty equal t o the c o n t i n u o u s rating o f the 
generator plus any ove r load rating in excess o f 
30 min duration. F o r m o r e than o n e generator 
with all generating capac i ty feeding through 
o n e sect ion o f the bus , the capac i ty o f the bus 
for the first generator should be the same as fo r 
a single-generator installation. F o r each subse­
quent generator, the bus capac i ty should be in­
creased b y 8 0 percent o f the c o n t i n u o u s rating 
o f the added generator . T h e capac i ty o f c o n -

nec t i on buses f o r each generator unit should be 
equal t o the c o n t i n u o u s rating o f the generator 
plus any ove r load rating in excess o f 3 0 min 
durat ion. In o rder t o l imit the size o f bus fo r 
generators, it is r e c o m m e n d e d that considera­
t ion b e given t o the l o c a t i o n o f generator 
panels in the center o r at each end o f the 
swi tchboard . 

If the aggregate generator capaci ty c o n n e c t e d 
t o a ship's service generator swi tchboard ex­
ceeds 3 0 0 0 kW, the swi tchboard bus should be 
subdivided in to at least t w o sect ions. T h e c o n ­
nec t ions o f the generators and any o ther dupli­
ca ted dis t r ibut ion services should be divided 
equal ly be tween the sect ions as far as is prac­
t icable. T h e bus sect ional izing device may be a 
bo l t ed splice c o n n e c t i o n , an au tomat ic o r non-
automat ic circuit breaker, o r o ther suitable 
device . 

F o r feeder swi tchboards , the buses should 
have a capac i ty o f n o t less than 75 percent o f 
the c o m b i n e d full-load rated current o f all 
loads including 50 percent o f the rated in­
stalled o r design reserve spare breaker capaci ty . 
T h e capac i ty o f the feeder buses need n o t be 
greater than the generator buses which supply 
them. Bus c o n n e c t i o n s t o individual feeder cir­
cui t breakers should be designed o n the basis 
o f the frame rating o f the breakers when the 
frame rating is 6 0 0 A o r less. F o r frame ratings 
above 6 0 0 A , the bus c o n n e c t i o n s should n o t 
be less than the breaker trip rating. 

F o r certain high-current capaci ty installa­
t ions, the use o f c o p p e r o r a luminum channel 
bus bars o r an arrangement o f rectangular bars 
wi th an increased spacing be tween bars may 
of fe r an appreciable r educ t ion in cross-section 
requirements . Such arrangements should be 
used where pract icable . A l l bus bars should be 
accurately f o r m e d , and all holes should be 
m a d e in a manner w h i c h will permi t bus bars 
and c o n n e c t i o n s t o be fi t ted in to place wi thout 
being f o r c e d . 

Bus bars, c o n n e c t i o n bars, and wiring o n the 
b a c k o f the swi t chboa rd should b e arranged so 
that m a x i m u m accessibi l i ty is provided for 
cable c o n n e c t i o n s . Cons idera t ion should also 
be given t o the arrangement o f cables so they 
m a y b e c o n n e c t e d t o the swi tchboard in an or­
derly manner . T h e electrical clearance be tween 
parts o f o p p o s i t e polar i ty and be tween live 
parts and g round should c o n f o r m t o article 
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3 8 4 - 2 6 o f A N S I C l - 1 9 7 5 , Nat ional Electrical 
C o d e . 

Bol ts , nuts, and washers used t o maintain 
con tac t o n bus and c o n n e c t i o n bars should be 
o f nonfer rous material o r o f steel, with a cor­
rosion-resistant t reatment o f 2 . 26 . 

Current-carrying nuts should be made o f a 
c o p p e r a l loy having adequate conduc t iv i t y and 
should be o f sufficient size t o provide the nec­
essary area t o carry circuit current wi thou t 
exceed ing the temperature rise normal ly speci­
fied fo r c o p p e r . Current-carrying nuts should 
be plated and c o m p a t i b l e with the c o n n e c t i o n s . 
F o r high-capacity buses in excess o f 4 0 0 0 A , 
considerat ion should be given for the use o f 
nonmagnet ic - type bus hardware to prevent ex­
cessive temperatures at jo in ts and c o n n e c t i o n s . 

All nuts and c o n n e c t i o n s should be fitted 
with efficient lock ing devices to prevent 
loosening due t o vibrat ion. Ai i bus and c o n n e c ­
t ion bars should be liberally suppor ted to 
prevent vibrat ion and to withstand available 
short-circuit stresses. 

Current and potent ia l transformers, e tc , 
should be rigidly suppor ted . 

In order t o prevent excessive heating o n ac 
installations, n o magnet ic material shouid be 
loca ted be tween phase c o n d u c t o r s . 

1 7 . 1 2 Wire and C o n d u c t o r Terminal Lugs. All 
wire and c o n d u c t o r ( cab le ) c o n n e c t i o n s for 
p o w e r and lighting circuits external t o the 
swi tchboard should preferably be c o n n e c t e d t o 
devices o r buses b y means o f solderless ter­
minal lugs in acco rdance with ANSI C 3 3 . 5 -
1 9 7 5 (Underwriters Laborator ies Std U L 4 8 6 -
Nov 1 9 7 5 ) , Safety Standard for Wire Con­
nectors and Solder ing Lugs. All terminal c o n ­
nectors for external c o n n e c t i o n s should be 
loca ted at the rear o f the swi tchboard and lo­
cated where they are accessible for cable 
connec t ions . 

17 .13 Nameplates . Each swi tchboard should be 
fitted with a nameplate stating that it has been 
cons t ruc ted fo r marine appl ica t ion and should 
give the manufacturer 's name. Nameplates o f 
nonabsorben t and corrosion-resistant material 
should be p rov ided for each p iece o f apparatus 
to clearly indicate its service. Nameplates for 
feeders and branch circuits shou ld include the 
circuit designat ion and the size o f the fuses o r 

circui t breaker trip cal ibrat ion required for the 
circuit . 

1 7 . 1 4 M i n i m u m E q u i p m e n t fo r Generator 
Swi tchboards . 

1 7 . 1 4 . 1 F o r Alternating-Current Generators. 
D r a w o u t o r plug-in generator circuit breaker 

for each generator. 
A n ammete r fo r each generator with a selec­

to r switch t o read the current o f each phase. 
A vo l tme te r fo r each generator with a volt­

mete r swi tch to c o n n e c t the vol tmeter to each 
phase o f the generator and t o o n e phase o f the 
bus. O n e o f these vo l tmeter switches should 
prov ide also for reading each phase voltage o f 
the shore c o n n e c t i o n . 

A n indicating wat tmeter fo r each generator. 
A temperature de t ec t ion instrument with a 

selector switch for each generator rated 4 0 0 
kW and above . 

A pi lo t lamp permanent ly c o n n e c t e d to the 
generator side o f the circuit breaker o f each set 
o f i n c o m i n g generator leads. 

Con t ro l for each pr ime mover speed for 
paralleling. 

A switch to supply generator space heater 
o f each generator. 

When t w o or m o r e generators are to operate 
in parallel, a reverse p o w e r protect ive device 
should be p rov ided for each generator. 

A f requency meter wi th selector switch to 
c o n n e c t t o any generator . 

A s y n c h r o s c o p e and synchroniz ing lamps 
with se lector switch t o provide for paralleling 
in any c o m b i n a t i o n . 

A vol tage regulator, unless internal with the 
exci ter , c o m p l e t e with all accessories for each 
generator. 

A switch for cut t ing ou t the regulator and for 
transferring f rom automat ic t o manual con t ro l 
m o d e for each generator . 

A n au tomat ic con t ro l rheostat for each 
generator. 

A manual c o n t r o l rheostat fo r each generator. 
F o r generators w h e n n o t exc i t ed f rom unique 

rotating o r static exci ters and when the gener­
ator field may be d i sconnec ted , a d o u b l e po le 
field swi tch with discharge clips and resistor for 
each generator. 

G r o u n d de t ec t ion means for each bus o f the 
swi tchboard . 

F o r ungrounded systems, three ground lamps 
and a normal ly c lo sed spring return-to-normal 
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switch o r push bu t ton in the g round c o n n e c ­
t ion. F o r g rounded systems, a g round current 
ammeter , ammeter switch, and current trans­
former if required in the g round c o n n e c t i o n 
po in t circuit . 

Necessary current and potent ia l transformers. 
Test receptacles fo r use wi th por table instru­

ments are r e c o m m e n d e d fo r the larger switch­
boards. 

NOTE: Refer to 21.41 for additional switching require­
ments applicable to grounded systems. 

17 .14 .2 For Direct-Current Generators . T h e 
fo l lowing should be suppl ied. 

A d rawou t or plug-in generator circuit break­
er fo r each generator. 

Alternately, generator d i sconnec t ing switch 
o r links m a y be used wi th a stationary air 
circuit breaker. 

A n ammeter fo r each two-wi re generator o r 
t w o ammeters fo r each three-wire generator, 
o n e in posit ive line and o n e in negative line. 

A n ammeter fo r neutral g round c o n n e c t i o n 
for each three-wire generators. 

A vol tmeter fo r each generator wi th vol t­
meter switch depend ing o n the t y p e o f gener­
ator for connec t ing the vo l tmete r t o indicate 
generator vol tage, posit ive t o negative, posi t ive 
t o neutral, and neutral t o negative, bus vol tage 
positive t o negative. O n e o f these vo l tmete r 
switches should p rov ide also f o r reading shore 
c o n n e c t i o n vol tage, posi t ive t o negative, posi­
tive t o neutral, and neutral t o negative. 

A p i lo t lamp permanent ly c o n n e c t e d t o the 
generator side o f each set o f i n c o m i n g gener­
ator leads. 

When t w o o r m o r e generators are t o opera te 
in parallel, a reverse current p ro tec t ive dev ice 
should be p rov ided fo r each generator. 

A field rheostat fo r each generator. 

NOTE: Refer to 21.41 for additional switching speed 
generators, a switch for cutting out the regulator 
should be provided. When used with variable speed gen­
erators, no cutout switch or adjustable field rheostat 
should be included, unless specified. 

17.15 Emergency and Communication Swi tch­
boards. 

17 .15 .1 General. These m a y be separate 
swi tchboards , but cons idera t ion should be 
given t o providing a single swi t chboard fo r the 
t w o services. T h e swi t chboard o r boards should 
c o n f o r m t o all applicable requirements o f 17 .1 
through 17 .14 and 17 .16 , e x c e p t that n o neu­
tral current ammeter is t o be p rov ided , and 

should also p rov ide the features descr ibed be­
l o w . Suggested means o f providing these fea­
tures are indica ted in Figs A l l t o A 1 5 , bu t the 
detai led descr ip t ion and diagrams are n o t to 
be cons ide red as be ing restrictive or as pro­
hibit ing variations t o suit special cases. 

1 7 . 1 5 . 2 Alternating-Current Swi tchboards . 
E x c e p t fo r differences arising f rom the fact 
that the emergency generator will be o f the 
alternating-current t y p e whi le the emergency 
battery will necessarily supply direct current, 
the swi tchboards will be similar t o those 
descr ibed b e l o w fo r d c swi tchboards . 

If there is n o c o n t i n u o u s load inherently re­
quiring d c supply , the storage battery may be 
charged b y a motor -genera to r o r rectifier 
taking p o w e r f r o m the alternating-current 
buses. Bus transfer arrangements should be 
essentially as descr ibed fo r d c swi tchboards 
e x c e p t that the c o n n e c t i o n s must permit satis­
fac tory supply o f all loads o n the t emporary 
emergency buses f r o m the three-phase final 
emergency buses o r f r o m the storage battery. 
F o r suggested arrangements, see Fig A 1 6 . 

If there is any c o n t i n u o u s d c load , there 
should" be a separate d c bus normal ly supplied 
f rom a motor -genera tor set o r rectifier with a 
separate au tomat ic swi tch fo r transfer t o bat­
tery, if required. Alternat ively, this bus may 
b e supplied f r o m a bat tery that is charged f rom 
the final e m e r g e n c y bus through a motor-gen­
erator o r rectifier o f capac i ty suitable for the 
c o n t i n u o u s direct-current load and battery 
charging. Emergency lighting and o ther tem­
porary emergency loads wh ich will operate o n 
either alternating o r direct current should be 
arranged fo r au tomat ic transfer f rom the final 
emergency bus t o the bat tery bus. Pro tec t ion 
should be p rov ided against discharge o f the 
bat tery in to supply circuits . Norma l opera t ion 
should b e restored automat ica l ly u p o n restora­
t ion o f main supply o r establishment o f emer­
gency generator supply after failure o f main 
p o w e r . 

17 .15 .3 Direct-Current Swi tchboards . 
17 .15 .3 .1 Cargo Vessels of 1600 Gross 

Tons and Over. See 3 6 . 2 and Figs A l l , A 1 2 , 
and A 1 3 , with a c c o m p a n y i n g no tes fo r sug­
gested alternative arrangements. General ly, 
a single panel will serve b o t h the emergency 
and interior c o m m u n i c a t i o n circuits. Suggested 
c o n n e c t i o n s o f the low-vol tage system are 
s h o w n in Fig A 1 5 . 
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Voltage Rating 
(volts) 

Withstand Test 
(rms voltage) 

up to 120 ac 1500 
1 2 1 - 600 ac 2200 
6 0 1 - 1 2 0 0 ac 5000 

1 2 0 1 - 2 4 0 0 ac 15 000 
2 4 0 1 - 4 7 6 0 ac 19 000 

1 2 5 - 300 dc 1500 
3 0 1 - 600 dc 2200 

All apparatus and devices in the p o w e r circuit 
should b e m o u n t e d in the normal loca t ion dur­
ing the tests, bu t r emovab le d rawou t m o u n t e d 
circuit breakers need n o t be tested in the 
assembly if they are tested separately. Where 
the standards f o r devices o the r than the switch­
ing o r interrupting devices call fo r a l ower test 
vol tage, such devices as potent ial transformers 
m a y b e d i s c o n n e c t e d during the dielectric test. 
Such devices should b e individually tested in 
a c c o r d a n c e with their appl icable standards. 

F o r the c o n t r o l wiring, a 6 0 Hz test vol tage, 
1 5 0 0 V t o g round , shall be applied for 1 min 
after all c i rcui t g rounds have been d i sconnec ted 
and all circuits are wired together with small 
bare c o p p e r wire t o short-circuit co i l windings. 

Die lec t r ic withstand tests should be made at 

37 

See Sec t i on 16 fo r general requirements 
appl icable t o storage battery installations. 

All emergency swi tchboards supplied b y a 
diesel engine o r gas turbine driven generator, 
e x c e p t those o f very small rating, should be 
arranged t o feed back t o the ship's service 
swi tchboard all available p o w e r f rom the emer­
gency generator . T h e f eedback arrangement 
should be in te r locked switches or circuit 
breakers that prevent paralleling the emergency 
with the ship service generators e x c e p t for 
m o m e n t a r y transfer o f loads. 

General alarm feeder circuits, when fed f rom 
the inter ior c o m m u n i c a t i o n bus, should be 
c o n n e c t e d direct ly t o the bus through fuses 
on ly . 

Al l feeders and branch circuits when served 
f rom a c o m b i n a t i o n consist ing o f a two-wire 
and three-wire source , should be two-wire 
circuits. 

1 7 . 1 6 Die lec t r ic Withstand-Vol tage Test . 
(a) Factory Dielectric Withstand Tests. The 

standard fac tory withstand dielectric test volt­
age fo r all switching and interrupting apparatus 
should be as f o l l o w s : 

1 7 . 1 5 . 3 . 2 Passenger Vessels of Less Than 
1600 Gross Tons. See 3 6 . 6 and Figs A 1 3 and 
A 1 5 , with a c c o m p a n y i n g notes . 

1 7 . 1 5 . 3 . 3 Passenger Vessels of 1600 Gross 
Tons and Over. See 3 6 . 4 and Fig A 1 4 , with 
a c c o m p a n y i n g no tes f o r suggested c o n n e c ­
t ions. T h e emergency swi tchboard distr ibution 
panels should have t w o sets o f buses. T h e 
"final e m e r g e n c y " bus should normal ly be 
supplied b y the bus feeder f rom the ship's 
service swi tchboard . T h e " t empora ry emer­
g e n c y " bus should normal ly be supplied f rom 
the final emergency bus through a bus transfer 
switch and should be automat ica l ly transferred 
to the storage bat tery u p o n failure o f p o w e r . 

Charging equ ipmen t , with suitable indi­
cating instruments, should be p rov ided for the 
emergency bat tery and f o r the engine starting 
battery, if o n e is supplied. 

T h e c o m m u n i c a t i o n panels should be pro­
vided with any o r all o f the fo l lowing buses 
depending o n the needs o f the service: 

( 1 ) 1 2 0 / 2 4 0 V bus c o n n e c t e d direct ly t o the 
final emergency bus. 

( 2 ) 1 2 0 V o r 1 2 0 / 2 4 0 V bus c o n n e c t e d di­
rectly t o the t empora ry emergency bus. 

( 3 ) 24 V bus supplied f r o m dupl icate storage 
batteries (see Fig A 1 5 ) . 

( 4 ) 1 2 0 V single-phase ac bus supplied either 
f rom o n e o f dupl ica te motor -genera tor sets 
through a d o u b l e - t h r o w generator se lec tor 
switch; o r f r o m d c / a c e lec t ron ic converters . 

If any o f the ac circuits are a m o n g those 
classed in 3 6 . 4 as t empora ry emergency cir­
cuits, the d c / a c motor -genera to r or e lec t ronic 
conver ter should be suppl ied f rom the bat­
tery bus and arranged fo r c o n t i n u e d opera­
t ion u p o n failure o f main p o w e r . A n ac volt­
meter , ammeter , and f requency meter should 
be p rov ided . T h e master switches fo r m o t o r -
generator starting and the m o t o r and generator 
field rheostats shou ld be m o u n t e d o n the 
swi tchboard . 

1 7 . 1 5 . 3 . 4 All Classes of Vessels. Al l auto­
matic bus transfer switches should preferably 
be o f the la tched t y p e with coi ls energized 
o n l y at the m o m e n t o f opera t ion . T h e y should 
transfer t o e m e r g e n c y supply when the main 
voltage is r educed t o f rom 75 t o 8 5 percent o f 
normal value and, if arranged fo r au tomat ic 
retransfer, should return t o main supply when 
the main vol tage is f r o m 85 t o 9 5 percent o f 
normal value. 
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the fac tory under the temperature and humidi­
ty cond i t ions normal ly ob ta ined under c o n ­
di t ions o f testing wi th appropria te co r r ec t i on 
factors applied as out l ined in IEEE Std 4 - 1 9 6 8 
( A N S I C 6 8 . 1 - 1 9 6 8 ) Techn iques fo r Dielectr ic 
Test. 

The alternating-current test vol tage f o r the 
P o w e r F requency Withstand Dielect r ic Tests 
should have a crest value equal t o 1.41 t imes 
the rms test value specif ied above . T h e wave 
shape shall b e as c lose t o a sine wave as prac­
ticable. T h e f requency shall n o t be less than 
the rated f requency o f the apparatus tested. 
T h e tests should be made phase-to-phase and 
phase-to-ground. T h e test voltages should be 
applied for 1 min. 

( b ) Shipboard Dielectric Withstand Tests. 
When dielectric withstand tests are t o be made 
o n swi tchboards after installation in the ship, 
the assembly m a y b e tested at 0 .75 t imes the 
test values given above . 

1 8 . Cable Cons t ruc t ion 

18.1 C o p p e r C o n d u c t o r s . 
18 .1 .1 General . T h e c o n d u c t o r s should be o f 

soft annealed c o p p e r wire . Al l c o n d u c t o r s 
should be t inned o r a l loy-coa ted where neces­
sary t o assure compa t ib i l i ty wi th primary 
insulation. 

1 8 . 1 . 2 C o m p o s i t i o n . C o n d u c t o r s should be 
manufactured in a c c o r d a n c e with the latest 
issue o f the fo l l owing Standard Speci f ica t ions 
o f the Amer ican S o c i e t y f o r Test ing and Ma­
terials ( A S T M ) : 

A S T M B3 
A S T M B 3 3 

A S T M B 1 8 9 

A S T M B 8 

A S T M B 1 7 4 

soft o r annealed c o p p e r wire; 
t inned sof t o r annealed c o p p e r 
wire fo r electrical purposes ; 
lead-coated o r lead a l loy-coat ­
ed sof t c o p p e r wire fo r electri­
cal purposes ; 
concentr ic- lay-s tranded c o p p e r 
c o n d u c t o r s , hard, medium-
hard, o r sof t ; 
bunch-stranded c o p p e r c o n ­
d u c t o r f o r electrical c o n d u c ­
tors. 

18 .1 .3 Stranding. T h e cons t ruc t ion require­
ments and nomina l resistances o f standard 
Class B concen t r i c c o n d u c t o r s m a y be f o u n d in 
Table A 7 . C o m b i n a t i o n stranded c o n d u c t o r s o r 
compressed stranded c o n d u c t o r s m a y be sub­
stituted fo r concen t r i c stranded c o n d u c t o r s . 

T h e cons t ruc t ion requirements o f extra-flexible 
stranded c o n d u c t o r s fo r por table co rds (See 
1 9 . 6 . 1 ) shou ld c o n f o r m t o Sec t ions 3, 4 , and 
5 o f the latest issue o f A N S I C 3 3 . 1 - 1 9 7 5 
(Underwri ters ' Labora tor ies Std 62-July 1 9 7 5 ) 
Safety Standard f o r F lex ib le C o r d and Fixture 
Wire. 

1 8 . 1 . 4 C o n d u c t o r Shielding. C o n d u c t o r 
shielding shou ld b e used o n c o n d u c t o r s o f 
cables rated 5 k V wi th T y p e s E and X insula­
t ion and is n o t required f o r T y p e A V . 

1 8 . 1 . 4 . 1 C o n d u c t o r shielding is a c o n d u c t ­
ing material at least 2 .5 mils th ick applied over 
the surface o f the c o n d u c t o r . It m a y be c o n ­
duct ing nonmeta l l i c tape, c o n d u c t i n g c o m ­
p o u n d , o r c o m b i n a t i o n thereof . 

1 8 . 1 . 4 . 2 Ex t ruded c o n d u c t o r shielding 
should have a m a x i m u m v o l u m e resistivity o f 
5 0 0 0 n -cm at 25° C temperature and 50 0 0 0 
£1 - cm at the rated temperature o f the insula­
t ion (See 1 8 . 2 . 1 ) and should m e e t the fol­
l o w i n g requirements when tested accord ing 
t o p rocedu re in I P C E A S-68-516 ( 1 9 7 6 ) fo r 
T y p e E o r S-66-524 ( 1 9 7 1 ) fo r T y p e X : 

e longa t ion after air oven at 1 2 1 ° C 
± 1 ° C fo r 1 6 8 h, m i n i m u m , percent 1 0 0 
brittleness temperature , n o t warmer 
than - 1 0 ° C . 

1 8 . 1 . 5 Separator . Where required t o insure 
free stripping, a suitable separator tape may be 
applied t o the c o n d u c t o r . 

1 8 . 2 Insulation. 
18 .2 .1 General . T h e insulation should be o n e 

o f the fo l l owing types : 

Insulation 
Type 

Designation 

Maximum 
Conductor 

Temperature ° C 

T polyvinyl chloride 75 
E ethylene propylene rubber 85 
X cross-linked polyethylene 85 
M mineral (MI) 85* 
S silicone rubber 100 

A V asbestos-varnished cloth 100 

* A maximum conductor temperature of 250° C is 
permissible for special applications; standard end fit­
tings may be used provided the temperature does not 
exceed 85°C at the end fittings. However, when the 
temperature at the end fittings is higher than 85° C, 
appropriately rated end fittings are required. 

1 8 . 2 . 2 Propert ies . T h e physical and electrical 
propert ies o f T y p e E, X , S, and T insulation 
materials should m e e t the requirements o f 
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Table A 9 . T h e physical and electrical proper­
ties o f T y p e M and A V should mee t the re­
quirements o f the fo l l owing subsect ions . 

18 .2 .2 .1 Type M—Mineral (MI). Mineral 
insulation should be calc ined, highly c o m ­
pressed, refractory mineral, so processed and 
p r o p o r t i o n e d as t o yield the cable propert ies 
hereinafter descr ibed in 18 .14 . 

1 8 . 2 . 2 . 2 Type A V-Asbestos-Varnished 
Cloth. T h e insulation shall consist o f a c o m ­
posi te wall o f asbestos and varnished c lo th 
layers, with separator tapes op t iona l be tween 
adjacent dissimilar layers. 

( 1 ) Varnished cloth. T h e insulation should 
consist o f either varnished c o t t o n tapes o r var­
nished polyester-glass tapes meet ing the d imen­
sional, electrical, and physical requirements o f 
IPCEA Publ icat ion S-65-375 ( 1 9 6 6 ) . T h e var­
nished c lo th tapes should be suitable for c o n ­
t inuous opera t ion at a c o n d u c t o r temperature 
no t exceed ing 100° C when flanked by inor­
ganic mineral fiber layers and should be o f high 
quali ty, substantially free f rom blisters and 
other imperfec t ions . 

The tapes should be helically wrapped o n the 
cable and should be o f such width that they 
shall lie s m o o t h l y and be as free f rom wrinkles 
as is practical. A slipper c o m p o u n d , applied be­
tween alternate layers o f tape should be viscous 
and nonhardening and should have n o deleteri­
ous ef fec t o n the varnished tapes, the c o n d u c ­
tor, o r o ther c o m p o n e n t s o f the cable assem­
bly . T h e c o m p o u n d should be applied so as t o 
exc lude , as far as practical , air and mois ture 
and t o f o r m with the varnished c lo th tapes a 
firm, semif lexible wall o f insulation. 

The c lo th o f varnished c o t t o n tape should 
consist o f un i fo rmly w o v e n c o t t o n and the 
number o f threads per inch should be n o t less 
than 6 0 X 5 5 . M e t h o d s o f sampling and testing 
should be in acco rdance with A S T M D - 2 9 5 - 7 0 . 
The c lo th o f varnished polyester-glass tape 
should consis t o f un i fo rmly w o v e n polyes ter 
and glass fiber. T h e po lyes te r fiber should be in 
the warp d i rec t ion with no less than 30 ends 
per inch, and the glass fiber should be in the fill 
d i rect ion with n o less than 26 ends per inch. 
Methods o f sampling and testing should be in 
accordance with A S T M D - 2 4 0 0 - 7 0 . The varnish 
coat ing should be pliable and should no t show 
cracks readily visible to the unaided eye when 
the varnished c lo th tape is d o u b l e d u p o n itself. 

The average thickness o f the individual var­
nished c lo th tapes should be be tween 6 and 13 

mils. T h e thickness o f any individual tape 
should n o t vary f rom average m o r e than plus 
o r minus 2 0 percent , but in n o case should the 
to lerance e x c e e d plus or minus 1.5 mils. 

T h e tensile strength o f the varnished c lo th 
tape, when tested lengthwise, should meet the 
fo l lowing requi rements : 

tensile strength before application o f the 
cab le : 

m i n i m u m psi 3 0 0 0 . 
tensile strength after removal f rom the 

cab le : 
m i n i m u m psi 2 4 0 0 . 

The varnish coa t ing o f the varnished c lo th 
tapes should n o t be materially softer or mor e 
tacky after heating for 15 min in petrola tum at 
1 5 0 ° C , de te rmined accord ing to IPCEA S-65-
3 7 5 ( 1 9 6 6 ) . 

T h e average dielectr ic strength o f varnished 
c lo th tapes r e m o v e d f rom the c o m p l e t e d cable 
should n o t be less than 8 0 0 V / m i l when mea­
sured accord ing t o IPCEA S - 6 5 - 3 7 5 ( 1 9 6 6 ) or 
A S T M D - 2 9 5 - 7 0 . 

( 2 ) Felted asbestos. T h e asbestos insula­
t ion should consis t o f felted asbestos fiber 
impregnated with a saturating c o m p o u n d . As­
bes tos should consis t o f best quality, long 
fiber chrysot i le asbestos, commerc ia l ly free 
f rom foreign particles. T h e raw asbestos, prior 
t o saturation, should retain n o t less than 80 
percent o f its original weight when ignited in 
acco rdance with A S T M D - 1 9 1 8 - 7 2 . T h e mag­
netic rating ( M R ) o f the asbestos or inorganic 
fiber raw material should n o t e x c e e d 2 when 
de te rmined in a c c o r d a n c e with A S T M D-1118-
7 2 . Fel ted asbestos should be processed to 
fo rm a s m o o t h un i fo rm thickness. 

T h e impregnant fo r felted asbestos should be 
heat and mois ture resistant and the resultant 
saturated felted wall should no t propagate 
f lame. 

( 3 ) Alternate to felted asbestos. In places 
where felted asbestos is specif ied, alternative 
materials m a y be e m p l o y e d as op t ions : ( 1 ) 
impregnated glass roving, ( 2 ) impregnated as­
bestos tape, ( 3 ) impregnated glass-reinforced 
asbestos tape. Impregnat ion should be as for 
felted asbestos. Impregnated glass roving 
should be c lose ly w o u n d , leaving no visible 
gaps. Impregnated tapes should be o f the width 
best suited for the particular diameter, and 
should be w o u n d helically with but t o r overlap 
cons t ruc t ion . Butt cons t ruc t ion should no t be 
used where the wall o f the asbestos insulation 
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4 0 

is c o m p o s e d o f o n l y o n e tape. Impregnated 
roving o r tapes should exh ib i t n o t less than 7 0 
percent retent ion o f original weight after igni­
t ion accord ing t o A S T M D - 1 9 1 8 - 7 2 . T h e total 
wall thickness o f impregnated roving o r tapes 
should be n o t less than that required fo r felted 
asbestos, Table A 1 3 . Where impregnated rov­
ing or tapes are e m p l o y e d o n individual c o n ­
ductors , effect ive measures should be em­
p l o y e d t o prevent unravelling. 

18 .2 .3 Thickness o f Insulation. T h e average 
thickness o f thermoset , thermoplas t ic , and 
combina t ions o f asbestos wi th varnished c lo th 
insulation should c o n f o r m t o the values given 
in Tables A 1 0 and A 1 3 . T h e m i n i m u m thick­
ness at any po in t should n o t be less than 9 0 
percent o f the average value. 

18 .3 Tapes . Where b inder o r separator tapes are 
called for , a polyes ter fi lm tape or c o m p o u n d 
filled tape should b e used. Binder tapes should 
be flame-retardant as necessary t o permi t cables 
to mee t the f lammabil i ty tests o f 1 8 . 1 3 . 5 . 

Where a c o m p o u n d filled tape is used, the 
tape should be made f rom c l o t h treated o n o n e 
or b o t h sides with an insulating c o m p o u n d . 
Thickness o f tape should n o t be less than 0 . 0 1 0 
in. 

18 .4 Braids. 
18 .4 .1 Marker Braid. Marker braid used fo r 

c o n d u c t o r ident if icat ion should be o f r ayon o r 
glass as required. It should be treated with a 
flame retardant finish. 
treated with a flame retardant finish. 

18 .4 .2 Braid over S i l i cone Insulation. Sili­
c o n e rubber insulated c o n d u c t o r s should be 
covered with glass o r asbestos braids. 

18 .5 C o n d u c t o r Ident i f icat ion. Where c o n d u c ­
tor c o l o r c o d i n g is specif ied, the ident i f icat ion 
may be made either b y c o l o r e d c o n d u c t o r s o r 
separate tapes, o r b y printing the c o l o r n o m e n ­
clature on the insulation o r its cover ing . 

C o n d u c t o r ident if icat ion o f distr ibution 
cables, when c o l o r e d c o n d u c t o r s are used, 
should be as f o l l o w s : 

t w o c o n d u c t o r s — black , whi te 
three c o n d u c t o r s — black , whi te , red 
four c o n d u c t o r s —black , whi te , red, blue. 

C o n d u c t o r ident i f icat ion o f c o n t r o l and signal 
cables should f o l l o w the c o l o r sequence o f 
Table A 2 6 . 

1 8 . 6 Cabling. C o n d u c t o r s o r pairs should be 
cabled in c o n c e n t r i c layers. T h e di rect ion o f 
lay for adjacent layers should be reversed. 

18 .7 Fillers, Fillers should be moisture-resist­
ing, c o m p a t i b l e wi th o ther cable c o m p o n e n t s , 
and capable o f being compres sed in the cabling 
opera t ion so as t o e x c l u d e , as far as possible , all 
vo ids . Fillers should be used as required t o give 
the c o m p l e t e d cable a substantially circular 
cross sec t ion . 

18 .8 M a r k e r Cable ident i f icat ion should be 
p rov ided b y including a marker under the cable 
jacket . T h e marker material should be suitable 
for its service. T h e marker tape should give the 
fo l l owing in fo rmat ion at regular intervals: 

( 1 ) manufacturer ; 
( 2 ) appl icable speci f ica t ion and its edi t ion; 
( 3 ) year o f manufacture ; 
( 4 ) vol tage rating; 
( 5 ) t ype designations (see 1 8 . 2 7 ) . 

1 8 . 9 Moisture-Resist ing Jacket . 
18 .9 .1 General . T h e j acke t should be black 

thermoplas t ic T y p e T o r b lack thermoset t ing 
T y p e N or CP c o m p l y i n g with the requirements 
o f Tab le A l l . 

1 8 . 9 . 2 C o m p o s i t i o n and Cons t ruc t ion . T h e 
jacke t should p rov ide a c o m b i n a t i o n o f the 
fo l l owing basic proper t ies that are proper ly 
p r o p o r t i o n e d t o ob ta in the propert ies listed 
b e l o w : 

( 1 ) f lame retardance 
( 2 ) stability under long c o n t i n u e d exposure 

t o elevated temperatures 
( 3 ) absence o f no t i ceab le o d o r at cable o p ­

erating temperatures 
( 4 ) f lexibi l i ty at l o w temperatures ( that is, 

c o l d b e n d qualit ies) 
( 5 ) stability under exposu re t o oi l and water 
( 6 ) stability under exposu re t o sunlight. 

18 .9 .3 Jacket Th ickness . T h e average thick­
ness o f moisture-resisting jackets should be as 
s h o w n in Tab le A 1 2 . T h e m i n i m u m thickness 
at any p o i n t should n o t be less than 8 0 percent 
o f the values s h o w n . 

1 8 . 1 0 A r m o r . 
1 8 . 1 0 . 1 General . A r m o r should be o f the 

basket-weave type . 
1 8 . 1 0 . 2 Basket Weave . T h e a rmor should 

consis t o f wires laid c lose ly together , flat and 
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Percent 
Coverage Braid Angle ( ° ) 

Diameter over Jacket 
( inches) Min Max Min Max 

up to 0 .600 88 94 30 60 
0.601 to 1.000 88 94 35 60 
1.001 to 1.500 88 94 40 70 
1.501 to 2.000 88 94 45 70 
2.001 and over 88 94 50 80 

where the pe rcen t coverage = (2F—F2 ) X 1 0 0 
and 

p = NPd_ 
sin a 

where a is the angle o f braid with axis o f 
cable : 

, 2uDP 
tan 1 a = — 7 7 -

C 

d d iameter o f individual braid wires, in 
inches; 

C number o f carriers; 
D d iameter o f cab le under armor, in inches; 
N number o f wires per carrier; 
P p icks per inch o f cable length. 

The m a x i m u m n u m b e r o f ends per carrier 
should c o n f o r m t o the f o l l o w i n g : 

Cable Diameter 
under Armor 

(inches) 

Maximum Number of Ends 
per Carrier 

Cable Diameter 
under Armor 

(inches) 
"one over-

one under" 
"two over-

two under" 

0 to 0 .400 8 5 
0.401 to 0 .800 12 8 
0.801 to 1.500 15 10 
1.501 and larger 20 10 
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parallel, and fo rming a basket weave that 
should firmly grip the cable . T h e wire should 
be 0 . 0 1 2 6 inches in diameter , plus o r minus 
0 . 0 0 0 5 in, and should be free f rom cracks, 
splits, o r o ther flaws. T h e wire should be 
either c o m m e r c i a l b ronze or a luminum. The 
weave should be either the " o n e over-one 
under" o r the " t w o ove r - two under 5 ' t ype . T h e 
select ion o f the n u m b e r o f ends per carrier and 
the n u m b e r o f carriers per braider should be 
such as t o p r o d u c e a basket weave with a braid 
angle and coverage within the f o l l o w i n g limits: 

1 8 . 1 0 . 3 A l u m i n u m A r m o r . A l u m i n u m armor 
braid should be Alc l ad 5 0 5 6 or aluminum alloy 
5 0 5 6 having a m i n i m u m tensile strength o f 
50 0 0 0 psi and a m i n i m u m elongat ion o f 2 per­
cen t in 10 in. 

1 8 . 1 0 . 4 C o m m e r c i a l B r o n z e A r m o r , C o m ­
mercial b r o n z e a rmor braid should be annealed 
9 0 - 1 0 b ronze , C o p p e r D e v e l o p m e n t Associa­
t ion ( C D A ) a l loy n u m b e r 2 2 0 . 

1 8 . 1 1 Paint. Cables should no t be painted ex­
cep t 5 0 0 0 V types wh ich should be painted 
y e l l o w . 

1 8 . 1 2 D i m e n s i o n Tole rances . The measured 
m a x i m u m overall d iameter o f the finished 
cable should n o t be larger than given in Tables 
A 1 9 through A 2 5 . 

A minus to lerance o f no t m o r e than 10 per­
cen t is permi t ted o n the overall d imension. F o r 
cables having an overall diameter o f less than 
0 . 4 0 0 in, the minus tolerance need no t be less 
than 0 . 0 4 0 in. 

18 .13 Tests o n Finished Cable. 
1 8 . 1 3 . 1 High Vo l t age . Each reel o f finished 

cable should be tested and successfully with­
stand for a pe r iod o f 5 min the high-voltage ac 
test potent ia l given in Tables A 1 5 and A 1 6 , as 
appl icable. T h e ac potent ia l should be applied 
be tween c o n d u c t o r s and be tween c o n d u c t o r s 
and g round fo r the t ime specif ied. Test should 
be in a c c o r d a n c e wi th IEEE Std 4 -1968 ( A N S I 
C 6 8 . 1 - 1 9 6 8 ) , Techn iques for Dielectr ic Tests. 

1 8 . 1 3 . 2 Insulat ion Resistance. Each reel o f 
finished cable should be tested and should have 
an insulation resistance measured be tween each 
c o n d u c t o r and g round , o f n o t less than that 
given in Tables A 1 4 and A 1 7 . The current 
should be measured after a 1 min electrifica­
t ion with a c o n t i n u o u s direct-current potential 
o f n o t less than 1 0 0 V no r m o r e than 5 0 0 V , 
the c o n d u c t o r being negative t o ground. If the 
test is m a d e at a temperature different f rom 
1 5 . 5 ° C , the measured value should be multi­
pl ied with the p rope r co r rec t ion factor as given 
in Tab le A 1 8 . 

1 8 . 1 3 . 3 Bending Tes t ( T y p e A V ) . A 10 ft 
sample o f finished cable f rom each cable pro­
d u c t i o n run should be capable o f being bent , at 
2 5 ° C , 1 8 0 degrees a round a mandrel o f the 
fo l l owing diameters : 
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Mandrel Size (Multiple o f 
Cable Diameter) 

Conduc to r 
C o n d u c t o r Size 500 

Conduc to r Insulation Size up to MCM and 
Thickness ( inches) 500 M C M larger 

up to 0 .125 8 8 
0.126 to 0 .200 8 10 
0.201 to 0 .315 10 12 

The sample should then be straightened and 
bent 1 8 0 degrees in o p p o s i t e d i rec t ion around 
the same mandrel . This c y c l e should be re­
peated, making a total o f four bending opera­
tions. 

The cable should be so held as n o t t o revolve 
around its o w n axis during bending. Af te r the 
bending test, the sample should be able t o suc­
cessfully withstand fo r a pe r iod o f 5 min a 
voltage equal t o 1 5 0 percen t o f the full reel 
test voltage given in Table A 1 5 . 

1 8 . 1 3 . 4 Drip Test ( T y p e A V ) . O n e 3 ft sec­
t ion o f c o m p l e t e d cable f rom each cable pro­
duc t ion run should be suspended in a vertical 
pos i t ion in an oven maintained fo r a per iod o f 
no t less than 18 h at 9 5 ° C . N o material should 
drip o r e x u d e f rom the end o f the cable during 
the test. 

18 .13 .5 Flammabi l i ty Test . A l l cable const ruc­
tions should be flame retarding as def ined b y 
acceptable pe r fo rmance in the f lammabil i ty 
test o f this paragraph. T h e fo l l owing cables are 
considered typical fo r the purpose o f this test 
and satisfactory pe r fo rmance o f these cables 
will compr ise acceptance o f o ther cables o f the 
same cons t ruc t ion . 

( 1 ) Distr ibution cables, 6 0 0 V : A W G # 6 , three 
conduc to r s . 

( 2 ) Distr ibution cables , 5 k V : A W G # 6 , three 
conduc to r s . 

( 3 ) Cont ro l cables : A W G # 1 2 or # 1 4 , seven 
conduc to r s . 

( 4 ) Signal cables : A W G # 1 8 , seven pairs. 
Six lengths o f unarmored cable o f the same 

type and size shall be arranged in a single layer 
in a vertical tray with a separation o f lA the 
cable diameter be tween each cable . The group 
o f 6 cables shall be centered in the tray. 

The tray shall be a ladder- type, made o f c o l d -
rolled steel, 3 in deep and approx ima te ly 8 ft 
high. T h e tray may be bo l t ed t o a length o f 
steel angle ( o r equivalent) fo r suppor t . 

The samples shall be fastened in the tray b y 
suitable nonmeta l l ic cable ties e x c e p t at the 

IEEE RECOMMENDED PRACTICE FOR 

x T h e flame source to be used shall be an American 
Gas Furnace Co . , 10 in wide , 11-55 drilling, r ibbon-
type burner (Cat N o 1 0 x 1 1 - 5 5 ) with air—gas American 
Gas Furnace Co . Venturi mixer , Cat N o 14-18 (2 psig 
m a x i m u m pressure) with means for control l ing the air 
and gas mixture to regulate the heat input in BTU. 
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very t o p o f the ladder where steel wire should 
be used for suppor t . 

T h e burner 1 shall be m o u n t e d hor izonta l ly 
behind the tray, 18 inches f rom the b o t t o m o f 
the vertical tray, m i d w a y be tween the tray side 
rails and so that the burner face is 3 inches be­
hind the c losest surface o f the cables. 

Under d y n a m i c c o n d i t i o n s , the air pressure 
shall be 4.3 ± 0.5 c m o f water at the supply 
side o f the Ventur i mixe r and the propane 
gas f l ow shall be adjusted so that an even 
steady f l o w rate is maintained for the entire 
20 min test durat ion. T h e f l o w setting is to 
a l low the p rope r weight o f gas to be c o n s u m e d 
with respect to the heating value o f the fuel 
as p rov ided b y the supplier. 

T h e flame created is to be approx imate ly 
14 to 16 in high with a f lame temperature 
be tween 1 6 0 0 F and 1 7 5 0 F at a po in t 3 in 
f rom the burner face , centered and VA above 
the center line o f the burner. T h e potential 
heating value o f the flame with the above set­
ting w o u l d be approx ima te ly 70 0 0 0 B T U / h . 

T h e fo l lowing data shall be r ecorded after 
the f lame has been a l lowed t o burn fo r 2 0 min : 
( 1 ) length o f t ime o f afterburn, ( 2 ) overall 
distance o f damage t o the j acke t a b o v e the 
level o f the burner, and ( 3 ) overall distance o f 
damage t o the individual c o n d u c t o r s above 
the level o f the burner. 

T h e cable m a y be des t royed in the area o f 
f lame con tac t , bu t shall n o t propagate the 
f lame. T h e cable is cons idered t o b e flame-
retardant if the damage to the cable (blistering 
or charring o f the j acke t ) d o e s n o t reach the 
t o p o f the 8 ft samples. 

Cable T y p e s 
The cons t ruc t ion details b e l o w are d e v e l o p e d 

for a rmored cable . Unarmored cable may be 
used as stated in 1 9 . 1 0 . 

1 8 . 1 4 Mineral-Insulated Metal Sheathed Cable 
(Table A 2 1 ) . 

1 8 . 1 4 . 1 T y p e MI mineral-insulated metal-
sheathed cable is c o m p o s e d o f o n e or m o r e 
solid c o p p e r c o n d u c t o r s insulated with a high­
ly compressed refractory magnesium o x i d e 
insulation, f irmly enc losed in a liquid-tight and 
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First: Stranded c o n d u c t o r . 
Second: Wall o f felted impregnated 

bes tos o r asbestos tapes. 
as-

Third: Separator, op t iona l when 
bestos tapes are used. 

as-

Fourth: Varnished c lo th insulation. 
Fifth: Separator , op t iona l when 

bestos tapes are used. 
as-

Sixth: Wall o f felted impregnated 
bestos o r asbestos tapes. 

as-

Seventh: T y p e T , CP. or N jacket . 
Eighth: Basket-weave armor. 

1 8 . 1 6 T w o - o r T h r e e - C o n d u c t o r Asbes tos Var­
nished Cloth-Insulated, Jacketed, and A r m o r e d 
(Tables A 1 2 , A 1 3 , A 2 0 ) . 

Types: D A V I A , D A V I B 
T A V I A , T A V I B 

First: Stranded c o n d u c t o r . 
Second: Wall o f felted impregnated as­

bes tos o r asbestos tapes. 
Third: Separator, c o l o r c o d e d . 
Fourth: Varnished c lo th insulation. 
Fifth: Separator, op t iona l when asbes­

tos tapes are used. 
Sixth: Wall o f felted impregnated asbes­

tos o r asbestos tapes. 

IEEE 
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Seventh: T w o t o three c o n d u c t o r s cables 
wi th suitable fillers. 

Eighth: Belt o f felted impregnated asbes­
tos o r asbestos tapes. 

Ninth: Separator, op t iona l . 
Tenth: T y p e T , CP, o r N jacket . 
Eleventh: Basket-weave armor. 

1 8 . 1 7 Single-, T w o - , o r Three C o n d u c t o r , 5 0 0 0 
V , Asbes tos Varnished Cloth-Insulated, Jacket­
ed , and A r m o r e d (Tables A 1 3 , A 1 2 , A 2 3 ) . 

Types: S A V I A - 5 k V S A V I B - 5 k V 
D A V I A - 5 k V D A V I B - 5 k V 
T A V I A - 5 k V T A V I B - 5 k V 

Cons t ruc t ion o f s ingle-conductor cable is 
same as Sec t ion 1 8 . 1 5 and o f t w o - and three-
c o n d u c t o r cables as Sec t ion 1 8 . 1 6 e x c e p t for 
increased insulation as listed in Table A 1 3 . 

Paint: Finished cable should be painted 
y e l l o w . 

1 8 . 1 8 S ing le -Conduc tor , T h e r m o s e t o r Ther­
moplas t i c Insulated, Jacketed, and A r m o r e d 
(Tables A 1 0 , A 1 2 , A 1 9 ) . 

Types: S X I A , S X I B 
S E I A , SEIB 
S T I A , STIB 

First: Stranded c o n d u c t o r tin- or alloy-
c o a t e d where necessary t o assure 
compa t ib i l i t y with insulation. 

Second: Insulation, T y p e X , E, or T. 
Third: T y p e T , CP, o r N jacket . 
Fourth: Basket-weave armor. 

1 8 . 1 9 T w o - , Three-, o r Four -Conduc to r , Ther­
m o s e t o r Thermoplas t i c Insulated, Jacketed, 
and A r m o r e d (Tables A 1 0 , A 1 2 , A 1 9 ) . 

Tvues: D X I A , D X I B T X I A , T X I B F X I A , FXIB 
DEIA, DEIB TEIA, TEIB FEIA, FEIB 
D T I A , DTIB T T I A , TTIB FTIA, FTIB 

First: Stranded c o n d u c t o r s tin- or 
a l loy-coa ted where necessary to 
assure compat ib i l i ty with insula­
t ion . 

Second: Insulat ion: T y p e T ; T y p e E or X 
with cover ing o f N, CP, or 
j acke t t ype T. Individuals c o l o r 
c o d e d . 

Third: T w o , three, or four c o n d u c t o r s 
cab led with fillers. 

Fourth: Binder tape. 
Fifth: T y p e T , CP, or N jacket , 
Sixth: Basket-weave armor. 

gas-tight seamless c o p p e r tube sheathing. T y p e 
MI cables are rated 6 0 0 V and shall c o n f o r m to 
the fo l l owing : 

1 8 . 1 4 . 1 . 1 Conductors. C o n d u c t o r s should 
be solid, uncoa t ed , annealed c o p p e r c o m p l y i n g 
with A S T M Speci f ica t ion B4 o r B 5 , and should 
have nominal cross-sectional areas as listed in 
Table A 2 1 . 

1 8 . 1 4 . 1 . 2 Insulation. Insulation should be 
finely d iv ided, highly compres sed refractory 
magnesium o x i d e . 

1 8 . 1 4 . 1 . 3 Metal Sheath. T h e metal sheath 
should be a round con t i nuous seamless c o p p e r 
tube to p rov ide mechanica l p ro t ec t ion and a 
moisture seal and an adequate path for ground­
ing purposes . 

1 8 . 1 4 . 1 . 4 Conductor Arrangement. In sin­
g le -conduc to r cables , the c o n d u c t o r and sheath 
should be essentially concen t r i c . In mul t i con-
d u c t o r cables , all c o n d u c t o r s should be parallel 
and radially symmetr ica l abou t the cable longi­
tudinal axis. 

1 8 . 1 5 S ing le -Conduc tor Asbes tos Varnished 
Cloth-Insulated, Jacketed , and A r m o r e d (Ta­
bles A 1 3 , A 1 2 , A 2 0 ) . 

Types: S A V I A , S A V I B 
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1 8 . 2 0 Three -Conduc to r , T h e r m o s e t Insulated, 
Jacketed, and A r m o r e d , 5 0 0 0 V (Tables A 1 0 , 
A 1 2 , A 2 2 ) . 

Types: T X I A - 5 k V T E I A - 5 k V 
T X I B - 5 k V T E I B - 5 k V 

First: Stranded c o n d u c t o r s tin- or al­
loy -coa ted where necessary to 
assure compa tb i l i t y with overly­
ing material. 

Second: C o n d u c t o r shield o f conduc t ing 
nonmetal l ic tape or ex t ruded 
c o m p o u n d , o r bo th . 

Third: Insulation: T y p e X or E with 
cover ing o f N, CP, or jacke t t ype 
T. Individuals c o l o r c o d e d . 

Fourth: Three c o n d u c t o r s cabled with 
fillers. 

Fifth: Binder tape. 
Sixth: T y p e T , CP, o r N jacket . 
Seventh: Basket-weave armor. 
Eighth: Paint. Finished cable should be 

painted y e l l o w . 

18 .21 Single-Conductor , S i l icone Insulated, 
Jacketed, and A r m o r e d (Tables A 1 0 , A 1 2 , 
A 1 9 ) . 

Types: SSI A , SSIB 
First: Stranded c o p p e r c o n d u c t o r . 
Second: Insulation, t ype S. 
Third: Glass o r asbestos braid with fin­

ishing coa t . 
Fourth: Separator tape. 
Fifth: T y p e T jacket . 
Sixth: Basket-weave armor. 

1 8 . 2 2 T w o - , Three-, o r F o u r - C o n d u c t o r , Sili­
c o n e Insulated, Jacketed, and A r m o r e d (Ta­
bles A 1 0 , A 1 2 , A 1 9 ) . 

Types: D S I A T S I A FSIA 
DSIB TSIB FSIB 

First: Stranded c o p p e r c o n d u c t o r . 
Second: Insulation, t y p e S. 
Third: Glass o r asbestos braid with fin­

ishing c o a t p igmented to provide 
c o n d u c t o r ident i f icat ion. 

Fourth: T w o , three, o r four c o n d u c t o r s 
cables with suitable fillers where 
required. 

Fifth: Binder tape. 
Sixth: T y p e T jacket . 
Seventh: Basket-weave armor. 

1 8 . 2 3 Con t ro l Cab le -Mul t i conduc to r , T h e r m o -
set-Insulated, Jacketed , and A r m o r e d (Tables 
A 1 2 , A 2 4 ) . 

Types: C 1 4 X I A C 1 4 X I B 
C 1 6 X I A C 1 6 X I B 
C 1 8 X I A C 1 8 X I B 

First: Stranded c o n d u c t o r s , A W G Nos 
14 , 16 , o r 18 . 

Second: Insulation, t y p e X , thickness 
0 . 0 3 0 in, c o l o r c o d e d (Table 
A 2 6 ) . 

Third: Requ i red number o f c o n d u c t o r s 
cab led with fillers where neces­
sary. 

Fourth: Binder tape. 
Fifth: T y p e T , CP, o r N jacket . 
Sixth: Basket-weave armor. 

1 8 . 2 4 Con t ro l Cab le -Mul t i conduc to r , The rmo­
plastic Insulated, Jacketed, and A r m o r e d (Ta­
bles A 1 2 , A 2 4 ) . 

Types: C 1 4 T I A C 1 4 T I B 
C 1 6 T I A C 1 6 T I B 
C 1 8 T I A C 1 8 T I B 

First: Stranded c o n d u c t o r s , A W G N o s 
14 , 16 , o r 18 . 

Second: Insulation, t ype T , thickness 
0 . 0 3 0 in, c o l o r c o d e d (Table 
A 2 6 ) . 

Third: Requ i r ed n u m b e r o f c o n d u c t o r s 
cabled with fillers where neces­
sary. 

Fourth: Binder tape. 
Fifth: T y p e T jacket . 
Sixth: Basket-weave armor. 

1 8 . 2 5 Signal Cable , Twis ted Pair, Thermoplas­
tic Insulated, Jacketed, and A r m o r e d (Tables 
A 1 2 , A 2 5 ) . 

Types: T P 1 6 T I A T P 1 6 T I B 
T P 1 8 T I A T P 1 8 T I B 
T P 2 0 T I A TP20TIB-

First: Stranded c o n d u c t o r s , A W G N o s 
16 , 1 8 , o r 2 0 . 

Second: T y p e T insulation, thickness 
0 . 0 2 5 in. C o l o r c o d e o n e c o n d u c ­
to r in each pair (Tab le A 2 6 ) . 

Third: T w o c o n d u c t o r s twisted together 
with a m a x i m u m lay length o f 
2.5 in t o f o r m a pair. 

Fourth: T h e required n u m b e r o f pairs ca­
b led with fillers where necessary. 
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Fifth: Binder tape. 
Sixth: T y p e T jacket . 
Seventh: Basket weave armor. 

1 8 . 2 6 Signal-Cable, Twisted-Pair, Shie lded, 
Thermoplast ic-Insulated, Jacketed, and Ar­
m o r e d (Tables A 1 2 , A 2 5 ) . 

Types: T P S 1 6 T I A T P S 1 6 T I B 
T P S 1 8 T I A T P S 1 8 T I B 
T P S 2 0 T I A T P S 2 0 T I B 

First: Stranded c o n d u c t o r s A W G # 16 , 
1 8 , o r 2 0 . 

Second: T y p e T insulation, thickness 
0 . 0 2 5 in. 

Third: T w o c o n d u c t o r s twisted together 
with m a x i m u m lay length o f 2.5 
in t o f o r m pair with stranded 
t inned drain wire in o n e inter­
stice. 
16 and 18 A W G pairs - # 2 0 
A W G drain wire 
2 0 A W G pairs - # 2 2 A W G 
drain wire . 
C o l o r c o d e o n e c o n d u c t o r in 
each pair (Tab le A 2 6 ) . 

Fourth: Shielded b y a polyes te r support­
ed a luminum foil tape spirally 
wrapped with foi l face inward. 
N o m i n a l t h i c k n e s s p o l y e s t e r 
0 . 0 0 0 5 i n , a l u m i n u m f o i l 
0 . 0 0 0 3 5 in. 

Fifth: T h e required n u m b e r o f shielded 
pairs cab led with fillers where 
necessary. 

Sixth: Binder tape. 

Seventh: T y p e T jacket . 
Eighth: Basket-weave armor. 

1 8 . 2 7 Cable Designat ions . T h e fo l lowing cable 
designations should be used in c o n n e c t i o n with 
the cables descr ibed in 1 8 . 1 4 to 1 8 . 2 6 inclu­
sive. T h e designations are made up o f let­
ters and n u m b e r signifying t o the extent shown 
b e l o w the service, n u m b e r o f conduc to r s , types 
o f insulation, moisture-resistant jacket , armor, 
and c o n d u c t o r size. 

Spec i f ic types include the fo l lowing addit ions 
t o the designations s h o w n in the " L e g e n d . " 

T h e wire size o f distr ibution cables is desig­
nated by adding to the cable s y m b o l the cir­
cular mil size in thousands , thus: 

D T I B - 4 = N o 14 ( 4 1 1 0 C M ) , t w o - c o n d u c t o r , 
thermoplas t ic - type T-insulated, moisture-resis­
tant jacke t , and b r o n z e armored. 

S A V I A - 2 5 0 = 2 5 0 0 0 0 C M , single c o n d u c t o r , 
asbestos varnished c l o t h insulated, moisture-re­
sistant j acke t , and a luminum armor. 

F o r 5 0 0 0 V rated cables a suffix, -5kV, is 
added t o the s y m b o l . 

T h e wire size o f c o n t r o l and signal cable types 
is designated b y inserting the A W G size immedi­
ately fo l l owing the service s y m b o l . The number 
o f c o n d u c t o r s o f c o n t r o l , and the number o f 
c o n d u c t o r pairs o f signal cable , is added t o the 
cable designat ion, thus: 

C 1 4 T I B - 2 0 = 2 0 c o n d u c t o r con t ro l cable, 
A W G N o 14 , thermoplastic-insulated, jacketed , 
and b r o n z e armor. 

T P 1 8 T I A - 1 0 = 10 twisted pair signal cable, 
A W G # 18 , thermoplastic-insulated, jacketed , 
and a luminum armor. 

Legend 

Cable T y p e Insulation Jacket A r m o r 

D 

C 
TP 

TPS 

Single Conduc to r -
Distribution 
Doub le Conduc to r -
Distribution 
Three-Conductor-
Distribution 
Four -Conduc to r 
Distribution 
Cont ro l 
Signal (Twisted 
Pair) 
Shielded Signal 
(Twis ted Pair 
Shielded) 

E Ethylene Propylene I Moisture-Resistant 
Rubber Jacket, 

T y p e T,CP, or N 
X Cross-Linked 

Polyethylene 

T Polyvinyl Chloride 

A V Asbestos-Varnished 
Cloth 

M Mineral 

S Silicone 

A Aluminum 
B Bronze 

( N o n e ) Unarmored 
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Section 
Number T y p e Designation 

18 .14 Single Conduc to r , Mineral Insulated SM 
18 .14 T w o Conduc to r , Mineral Insulated DM 
18.14 Three Conduc to r , Mineral Insulated TM 
18.14 Four Conduc to r , Mineral Insulated FM 
18.14 Seven Conduc to r , Mineral Insulated MM 

18.15 Single Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, A luminum A r m o r S A V I A 
18 .15 Single Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, Bronze A r m o r S A V I B 

18 .16 T w o Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, A luminum A r m o r D A V I A 
18 .16 T w o Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, Bronze A r m o r B A V I B 
18.16 Three Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, A l u mi n um A r m o r T A V I A 
18.16 Three Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, Bronze Armor T A V I B 

18.17 Single Conduc to r , Asbestor-Varnished Cloth Insulated, Jacketed, 5kV, 
Aluminum A r m o r S A V I A - 5 k V 

18.17 Single Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, 5kV, Bronze A r m o r S A V I B - 5 k V 
18.17 T w o Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, 5kV, A luminum 

A r m o r D A V I A - 5 k V 
18.17 T w o Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, 5kV, Bronze A r m o r D A V I B - 5 k V 
18.17 Three Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, 5kV, 

Aluminum A r m o r T A V I A - 5 k V 
18.17 Three Conduc to r , Asbestos-Varnished Cloth Insulated, Jacketed, 5kV, Bronze A r m o r T A V I B - 5 k V 

1 8.18 Single Conduc to r , X-Linked Polyethylene Insulated, Jacketed, A luminum A r m o r S X I A 
18.18 Single Conduc to r , X-Linked Polyethylene Insulated, Jacketed, Bronze A r m o r SXIB 
18.18 Single Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed, A luminum A r m o r SEIA 
18.18 Single Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed, Bronze A r m o r SEIB 
18.18 Single Conduc to r , Thermoplast ic Polyvinyl Chloride Insulated, Jacketed. A luminum Armor STIA 
18.18 Single Conduc to r , Thermoplast ic Polyvinyl Chloride Insulated. Jacketed, Bronze A r m o r STIB 

18 .19 T w o Conduc to r , X-Linked Polyethylene insulated, Jacketed, A luminum A r m o r D X I A 
18.19 T w o Conduc to r , X-Linked Polyethylene Insulated, Jacketed, Bronze A r m o r D X I B 
18 .19 T w o Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed, A luminum A r m o r DEIA 
18 .19 T w o Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed, Bronze A r m o r DEIB 
18 .19 T w o Conduc to r , Thermoplast ic Polyvinyl Chloride Insulated, Jacketed, A luminum A r m o r D T I A 
18 .19 T w o Conduc to r , Thermoplast ic Polyvinyl Chloride Insulated, Jacketed, Bronze A r m o r DTIB 
18 .19 Three Conduc to r , X-Linked Polyethylene , Insulated, Jacketed, A luminum A r m o r T X I A 
18.19 Three Conduc to r , X-Linked Polyethylene Insulated, Jacketed, Bronze A r m o r T X I B 
18 .19 Three Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed, A luminum A r m o r TEIA 
18 .19 Three Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed, Bronze A r m o r TEIB 
18.19 Three Conduc to r , Thermoplast ic Polyvinyl Chloride Insulated, Jacketed, A luminum A r m o r T T I A 
18 .19 Three Conduc to r , Thermoplast ic Polyvinyl Chloride Insulated, Jacketed, Bronze A r m o r TTIB 
18 .19 Four Conduc to r , X-Linked Polyethylene Insulated, Jacketed, A luminum Armor F X I A 
18.19 Four Conduc to r , X-Linked Polyethylene Insulated, Jacketed, Bronze A r m o r FXIB 
18 .19 Four Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed, A luminum A r m o r FEIA 
18 .19 Four Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed, Bronze A r m o r FEIB 
18.19 Four Conduc to r , Thermoplast ic Polyvinyl Chloride Insulated, Jacketed, A luminum A r m o r FTIA 
18 .19 Four Conduc to r , Thermoplast ic Polyvinyl Chloride Insulated, Jacketed, Bronze A r m o r FTIB 

18 .20 Three Conduc to r , X-Linked Polyethylene Insulated, 5kV, A luminum A r m o r T X I A - 5 k V 
18 .20 Three Conduc to r , X-Linked Polyethylene Insulated, 5kV, Bronze A r m o r T X I B - 5 k V 
18.20 Three Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed 5 k V Aluminum A r m o r T E I A - 5 k V 
18.20 Three Conduc to r , Ethylene Propylene Rubber Insulated, Jacketed 5 k V Bronze A r m o r TEIB-5kV 

18.21 Single Conduc to r , Sil icone Insulated, Jacketed, A luminum A r m o r SSIA 
18.21 Single Conduc to r , Sil icone Insulated, Jacketed, Bronze A r m o r SSIB 

18 .22 T w o Conduc to r , Sil icone Insulated, Jacketed, A luminum A r m o r DSIA 
18 .22 T w o Conduc to r , Sil icone Insulated, Jacketed, Bronze A r m o r DSIB 
18 .22 Three Conduc to r , Sil icone Insulated, Jacketed, A luminum A r m o r TSIA 
18 .22 Three Conduc to r , Si l icone Insulated, Jacketed, Bronze A r m o r TSIB 
18 .22 Four Conduc to r , Sil icone Insulated, Jacketed, A luminum A r m o r FSIA 
18 .22 Four Conduc to r , Si l icone Insulated, Jacketed, Bronze A r m o r FSIB 
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Section 
Number Type Designation 

18.23 
18.23 

Control, Thermoset Insulated, Jacketed, Aluminum Armor 
Control, Thermoset Insulated, Jacketed, Bronze Armor 

CXIA 
CXIB 

18.24 
18.24 

Control, Thermoplastic Insulated, Jacketed, Aluminum Armor 
Control, Thermoplastic Insulated, Jacketed, Bronze Armor 

CTIA 
CTIB 

18.25 
18.25 

Signal, Twisted Pairs, Thermoplastic Insulated, Jacketed, Aluminum Armor 
Signal, Twisted Pairs, Thermoplastic Insulated, Jacketed, Bronze Armor 

TPTIA 
TPTIB 

18.26 
18.26 

Signal, Shielded Twisted Pairs, Thermoplastic Insulated, Jacketed, Aluminum Armor 
Signal, Shielded Twisted Pairs, Thermoplastic Insulated, Jacketed, Bronze Armor 

TPSTIA 
TPSTIB 

1 9 . Cable App l i ca t i on 

19 .1 General . T h e cable cons t ruc t ions listed in 
Sec t ion 18 are designed fo r installation and use 
in a marine env i ronment fo r the services de­
fined herein. A variety o f cons t ruc t ions are 
detailed permit t ing a select ion o f c o n d u c t o r 
insulations, j acke t types , and ampacit ies for 
the general usage dis t r ibut ion- type cables. 
Cable cons t ruc t ions in tended for o ther specif ic 
applicat ions and different vol tages are also in­
c luded . T h e appl icat ions o f the various types 
are def ined b e l o w . 

These cables are designed particularly to 
mee t the r ecogn ized special environmental , 
installation, and reliability requirements o f ma­
rine service. T h e design and characteristics o f 
any cables used o ther than those def ined in this 
Sec t ion should be carefully evaluated t o assure 
a total cable equivalency with respect t o flame 
retardance, c o n d u c t o r material and tempera­
ture rise, insulation characteristics and life, and 
jacke t f lexibi l i ty and resistance t o adverse ma­
rine installation and service cond i t i ons . 

19 .2 Distr ibut ion Cables ( 6 0 0 V ) (See 18 .14 -
1 8 . 1 6 , 1 8 . 1 8 , 1 8 . 1 9 , 1 8 . 2 1 , 1 8 . 2 2 ) . These 
cables should be used for the distr ibution o f 
p o w e r u p t o their vol tage rating t h roughou t the 
system, and m a y be used in lighting, c o m m u n i ­
ca t ion , c o n t r o l , and e lec t ron ic circuits as 
desired. 

19 .3 Dis t r ibut ion Cables ( M e d i u m Vo l t age , 
5 0 0 0 V ) (See 1 8 . 1 7 ; 1 8 . 2 0 ) . These cables 
should be used fo r the distr ibution o f t w o - o r 
three-wire di rect current and for three-phase 
alternating-current p o w e r up t o their vol tage 
rating. 

1 9 . 4 C o n t r o l Cables ( 6 0 0 V ) (See 1 8 . 2 3 , 
1 8 . 2 4 ) . These cables should be used for c o n ­
trol , indicating, c o m m u n i c a t i o n , e lec t ronic , 
and similar circuits where multiple parallel 
c o n d u c t o r cables are required. C o n d u c t o r size 
se lect ion should be made with particular atten­
t ion t o vol tage d r o p considera t ions . 

19 .5 Signal Cables ( 3 0 0 V ) (See 1 8 . 2 5 , 1 8 . 2 6 ) . 
These cables should be used for signal trans­
mission where twis ted pairs o f c o n d u c t o r s 
are desired. O n e o f the t w o designs provides a 
drain ( g r o u n d ) wire and a shield fo r each 
twisted pair. 

1 9 . 6 Special Service Requi rements . Cables, 
c o r d s , and wires required fo r applications n o t 
o therwise def ined should be in accordance with 
the fo l l owing . 

19 .6 .1 Por table Cords , Jacketed, T w o - , 
Three- , o r F o u r - C o n d u c t o r . These cords 
should be used o n l y for c o n n e c t i o n o f por table 
lamps and appliances and o ther equ ipmen t n o t 
suitable fo r f ixed wiring and should c o n f o r m t o 
the requirements o f T y p e SJ, SJO, o r SJT and, 
fo r hard service, t o T y p e S, S O , o r ST as speci­
fied b y A N S I - C 3 3 . 1 - 1 9 7 5 (Underwriters Lab-
oratry Std U L 62-July 1 9 7 5 ) , Safety Stan­
dard fo r F lexib le C o r d and Fixture Wire. 
Portable co rds and cables , as specified b y MIL-
C - 9 1 5 , m a y also be used. Ampac i t i e s o f co rds 
and cables should be as def ined b y the National 
Electr ic C o d e o r the Naval Cable Compar i son 
Gu ide ( N A V S E A 0 9 8 1 - 0 5 2 - 8 0 9 0 ) as applica­
ble . 

1 9 . 6 . 2 Coaxia l Cables . These cables should be 
selected in a c c o r d a n c e with M I L Specif ica t ion 
MIL-C-17 . 

1 9 . 6 . 3 S w i t c h b o a r d Wiring. See 1 7 . 2 . 
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19 .6 .4 Wires. C o m p o n e n t insulated wiring 
should be selected f rom a recogn ized c o m m e r ­
cial standard or military specif icat ion MIL-W-
1 6 8 7 8 with particular at tent ion to the effects 
o f vibration, mois ture , ambien t temperature, 
and other adverse cond i t i ons as contaminates 
and oils which may be present. 

19 .6 .5 Special App l i ca t ions . F lexib le cables 
used for special appl icat ions such as elevators 
and cranes should m e e t an appropriate Under­
writers Labora tory Standard, M I L Specif ica­
t ion, or IPCEA Standard S 6 8 - 5 1 6 . 

19.7 Alternating-Current App l i ca t ions . In gen­
eral, mul t ip le -conduc to r cable should be used 
for all alternating-current lighting and p o w e r 
circuits. All phase wires o f any circuit should 
be conta ined in a single cable to neutralize in­
duc t ion e x c e p t as no ted b e l o w . 

If the rating o f any circuit is such that the 
current is greater than the rated capaci ty o f 
any one mul t ip le -conduc to r cable , t w o or m o r e 
mul t ip le -conduc tor cables may be c o n n e c t e d in 
parallel. O n e c o n d u c t o r o f each phase o f the 
circuit should be con ta ined in each cable . 

Where the use o f mu l t ip l e -conduc to r cable 
will involve a difficult o r undesirable arrange­
ment or where the use o f s ing le -conductor 
cables will no t incur heating o f adjacent equip­
ment or structure, s ing le -conductor cables may 
be used for relatively short runs within a single 
compar tment . 

19.8 Ampaci t ies . T h e current-carrying capaci­
ties o f the various cable types are tabulated in 
the fo l lowing Tables : 

Distr ibut ion: Table A 6 
Con t ro l : Table A 2 4 . 
Signal: Table A 2 5 . 

Ampaci t ies should be adjusted as no ted to 
suit the ambient temperature in which the 
cable is installed if it differs f rom 50° C. Distri­
but ion type cable ampacit ies in Table A 6 
are for single banked rack installations. D o u b l e 
banking o f distr ibution type cables should be 
avoided. 

Mineral-insulated cable ampacit ies are tabu­
lated in Table A 2 1 . 

19.9 A m b i e n t Tempera ture . T h e use o f the 
various c o n d u c t o r insulations are restricted t o 
the fo l lowing m a x i m u m ambient temperatures: 

T y p e T - 5 0 ° C 
E - 6 0 ° C 
X - 6 0 ° C 

S - 7 0 ° C 
A V - 7 0 ° C 
M i - S e e Sec t ion 1 9 . 1 1 . 

1 9 . 1 0 A r m o r . T h e use o f a rmored cable as de­
fined in Sec t ion 18 is r e c o m m e n d e d for all 
types e x c e p t type MI. 

Cables as descr ibed herein m a y be used with­
ou t armor , if desired, p rov ided special precau­
tions are observed . Unarmored cables are m o r e 
subject t o damage during handling and installa­
t ion, particularly t o the watertight jacket , un­
less care is exercised to avoid excessive pulling-
in fo rce , tearing o f the jacke t b y pulling over 
metal or burrs, r educ t ion o f the jacke t thick­
ness b y sliding against metal o r o ther cables, 
rupture or cracking b y sharp bends , and similar 
handling p rob lems . Unarmored cables also re­
quire greater p r o t e c t i o n f rom weld splatter dur­
ing cons t ruc t ion . 

1 9 . 1 1 Mineral-Insulated Metal Sheathed Cable. 
T y p e MI cable may be used up t o 6 0 0 V for 
any service def ined for the cables in Sec t ion 18 
e x c e p t where twisted pairs o f c o n d u c t o r s are 
required. Special fittings are required at the 
c o n d u c t o r terminat ions wh ich determine the 
permissible c o n d u c t o r temperature and the al­
lowab le ampac i ty . T h e sheath o f the MI cable 
if e x p o s e d to destructive co r ro s ion cond i t ions 
should be p ro t ec t ed against detr imental effects 
b y suitable corrosion-resistant material. 

2 0 . Cable Installation 

20 .1 General . F o r alternating-current installa­
t ions , to avoid undesirable induct ive effect , all 
o f the fo l lowing precaut ions should be o b ­
served in installations o f s ing le -conductor cable 
as descr ibed in Sec t ion 1 9 : 

( 1 ) There should be n o c losed magnet ic cir­
cuit a round s ing le -conduc tor cable unless it 
encloses all c o n d u c t o r s o f the circuit . 

( 2 ) Magnet ic material be tween c o n d u c t o r s 
should be avo ided . 

( 3 ) Single c o n d u c t o r s parallel t o a steel bulk­
head or o ther extensive surface o f magnetic 
material should be separated therefrom b y at 
least 2 in. 

2 0 . 2 Cable Cont inu i ty and Grounding . All 
cables should be c o n t i n u o u s be tween termina­
t ions, however , splicing is permit ted under cer­
tain cond i t i ons (See 2 0 . 1 1 ) . Fo r any cable 
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20.3 Cable Locations. Cables o f every descrip­
t ion should be loca ted with a v iew to avoiding 
spaces where excessive heat and gases m a y be 
encounte red such as galleys, f i re rooms, and 
p u m p r o o m s ; also spaces where e x p o s e d t o 
damage such as cargo spaces and e x p o s e d sides 
o f d e c k houses . Cables should n o t be loca ted in 
cargo tanks, ballast tanks, fuel tanks, or water 
tanks e x c e p t t o supply e q u i p m e n t and instru­
menta t ion specifically designed for such loca­
t ions and w h o s e funct ions require it t o be 
installed in the tank. Such equ ipmen t might 
include submerged cargo p u m p s and associated 
con t ro l devices , cargo mon i to r ing instrumenta­
t ion and underwater navigation systems. F o r 
cables associated with hazardous areas see Sec­
t ion 4 3 . 

Unless unavoidable , cables should n o t be 
loca ted behind o r e m b e d d e d in structural heat 
insulation and where they pass through such 
insulation each cable should be p ro t ec t ed b y a 
con t inuous p ipe , preferably fi t ted with a water­
tight stuffing tube at each end. F o r wiring 
entering refrigerated c o m p a r t m e n t s the p ipe 
should be o f heat-insulating material ( f iber or 
phenol ic tubing) j o i n e d t o the bulkhead stuff­
ing tube o r a sec t ion o f such material should be 
inserted be tween the bulkhead stuffing tube 
and the metal l ic p ipe . Where cables are in­
stalled behind paneling, all c o n n e c t i o n s should 
be readily accessible, and the loca t ion o f c o n ­
cealed c o n n e c t i o n b o x e s should be indicated. 

Wireways should preferably n o t be run 
through refrigerated cargo spaces. 

Genera tor cables should n o t be loca ted in 
bilges unless n o o ther run is pract icable . 

Cables in resistor r o o m s or in spaces o c c u ­
pied b y resistors should be so arranged that 
their l oca t ion di rec t ly over resistors is held t o 
a m i n i m u m . 

20 ,4 Cable Protection. Al l cables in bunkers 
and where particularly liable t o damage such 

IEEE 
Std 45 -1977 

4 9 

as loca t ions in way o f cargo ports , hatches, 
tank tops and where passing through decks 
should be specif ical ly p ro t ec t ed b y removable 
metal cover ings , angle i rons, o r o ther equiva­
lent means. Hor izon ta l pipes o r equivalent 
used for cable p r o t e c t i o n should have lA in 
diameter holes fo r drainage every 5 ft. 

2 0 . 5 Cable Suppor t . Cables where installed in 
groups should be suppor ted , preferably in 
metal hangers, arranged as far as practicable to 
permit painting surrounding structure wi thou t 
undue dis turbance o f the installation. Distribu­
t ion cables g rouped in a single hanger should be 
l imited to single banking, e x c e p t under the 
l imitat ions in N o t e 6 o f Table A 6 . Cont ro l and 
signal cables should preferably be single banked 
but may be d o u b l e banked o n l y with other 
cables o f these types . 

Cables run in hangers should be strapped at 
every hanger o n vertical runs and at no t less 
than every fourth hanger o n horizontal runs, 
e x c e p t at turns o f hor izonta l runs the cables 
should be strapped at each hanger. Clips or 
straps used for cable suppor t should each be 
secured by t w o screws e x c e p t that clips for 
suppor t ing o n e cable , # 1 0 A W G twin or 
smaller, m a y be o f the one-screw type . Metallic 
band strapping used for cable suppor t should 
be secured b y metal buckles o r other suitable 
m e t h o d s . Metall ic banding should be steel, a 
m i n i m u m o f % in wide b y 0 .015 in thick and 
co r ro s ion treated if n o t a corrosion-resistant 
material. E x c e p t as n o t e d in 2 0 . 1 2 and 
1 0 2 . 1 0 ( 4 ) cable supports should be spaced 
n o t m o r e than 2 4 in apart. 

Metal supports should be designed t o secure 
cables w i t h o u t damage t o armor or insulation 
and should be so arranged that the cable will 
bear fo r a length o f at least lA in. 

2 0 . 6 Cables—Radius o f Bends . A r m o r e d cables 
should n o t be bent to a radius o f less than 8 
cable diameters . Unarmored cables may be 
ben t t o a radius o f 6 diameters. F o r MI cables 
see 2 0 . 1 2 . 

2 0 . 7 Cables T h r o u g h Bulkheads , Decks , Beams, 
E tc . Where cables pass through watertight 
decks o r bulkheads , a watertight penetrator or 
watert ight stuffing tubes , capable o f taking 
packing, should be e m p l o y e d . 

Mult icable penetrators (See 2 .28 ) may be 
used fo r passage o f cables through nonwater­
tight bulkheads . 

p rov ided with a metall ic sheath or armor, 
the sheath should be c o n t i n u o u s f rom out le t t o 
out le t and should b e g rounded at each end 
e x c e p t that fo r final subcircuits the sheath may 
be g rounded at the supply end o n l y . Sheathed 
o r armored cables entering nonwater t ight b o x ­
es or wiring devices should have the sheath o r 
armor secured outs ide the b o x b y means o f a 
c l amp , at tached b y l o c k n u t t o , o r screwed into 
the b o x . 
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p lacement cable j acke t , and reestablishment o f 
electr ic con t inu i ty in the a rmor o f armored 
cable . Spl icing should be p e r f o r m e d as f o l l o w s : 

(1) C o n d u c t o r s should b e j o i n e d using a 
pressure t y p e but t c o n n e c t o r , listed b y Under­
writers ' Labora tor ies , under U L Std 4 8 6 (Wire 
C o n n e c t o r s and Solder ing Lugs) . A o n e - c y c l e 
compres s ion t o o l should b e used. 

T h e c o n n e c t i o n in cables o f m o r e than o n e 
c o n d u c t o r shou ld be staggered in such a way 
that the c o n n e c t o r fo r each c o n d u c t o r is in n o 
way con t iguous t o the c o n n e c t o r o f an adja­
cen t c o n d u c t o r . T h e c o n n e c t i o n in single c o n ­
d u c t o r cable should be m a d e equidistant f rom 
b o t h ends o f the spl ice. T h e c o n d u c t o r insula­
t ion should be r e m o v e d n o m o r e than neces­
sary t o accep t the c o n n e c t o r . 

(2) C o n d u c t o r rep lacement insulation should 
have the same o r a greater thickness than that 
o f the cable insulation, and should have ther­
mal and electrical propert ies o f the cable insu­
lat ion. C o n d u c t o r rep lacement insulation 
should b e centered ove r the c o n n e c t o r and be 
at least 2lA in longer than the c o n n e c t o r . 

( 3 ) R e p l a c e m e n t cable j acke t should be cen­
tered over the splice and over lap the existing 
cable j acke t b y at least 2 in. T h e replacement 
cable j acke t should be o f such a d iameter and 
be installed in such a w a y as t o make a water­
tight seal wi th the existing cable jacke t and 
should have physical proper t ies that are the 
same as o r equivalent t o those o f the cable 
jacket . 

( 4 ) Electrical con t inu i ty o f the armor o f 
a rmored cable should be reestablished b y a 
j u m p e r o f wire o r braid o r b y rep lacement 
a rmor o f the same metal as the cable armor. 
T h e m e t h o d o f securing the rep lacement armor 
o r j u m p e r should n o t exer t m o r e pressure than 
is necessary t o establish adequate electrical 
c o n t a c t . 

2 0 . 1 2 Mineral-Insulated Metal Sheathed Cable , 
T y p e ( M I ) . Mineral-insulated metal sheathed 
cable should be securely suppor ted b y straps, 
hangers, o r similar fittings, so designed and in­
stalled as n o t t o injure the cable sheath. Cable 
should be secured at suitable intervals t o sup­
po r t the cab le and insure against effects o f vi­
brat ion, e t c , e x c e p t where run in condu i t . 

In w e t l oca t ions , the entire wiring sys tem, 
including all b o x e s and fittings used therewith, 
should be m a d e watert ight and the cable 

Where cables pass th rough nonwater t ight 
bulkheads, beams , e tc , a suitable bushing 
should b e used o f such a t y p e as will permi t 
drawing o f the cable w i t h o u t damage. When 
the thickness o f the bulkhead o r w e b is lA in o r 
m o r e the bushing m a y b e o m i t t e d bu t the 
edges o f the holes should b e rounded . 

Where cables pass through fire boundar ies , 
arrangements should b e made t o ensure that 
the integrity o f the bulkhead is n o t impaired. 
Nonmeta l l i c stuffing tubes should n o t be used 
in such penetrat ions. 

20 .8 Cable—Pulling-in Force. N o cable should 
be drawn in to wi reways where the required 
pull exceeds twen ty t imes the weight o f the 
cable within the wi reway , and n o appliance 
should be used wh ich will damage the braid o r 
armor. 

20.9 Cable—Ratproofing. Dur ing the installa­
t ion o f cables due cons idera t ion should be 
given t o the feasibility o f ra tproof ing as re­
quired b y the U .S. Publ ic Health Service. 

20 .10 Holes for Cables. T h e size o f holes re­
quired for the installation o f the cables fo r vari­
ous systems should be such that they will n o t 
affect the structural strength o f the various 
members through wh ich they pass. H o w e v e r , if 
the size o r pos i t ion o f the ho l e is such that the 
strength o f the structural m e m b e r is af fected, 
suitable reinforcing o f the structural m e m b e r 
should be p rov ided . 

20 .11 Cable Splicing ( 6 0 0 V o r less). A cable 
for 6 0 0 V or less may b e spl iced under the fol­
lowing cond i t i ons : 

( 1 ) A cable installed in a structural subassem­
bly may be spl iced t o a cable installed in an­
other structural subassembly. 

(2) F o r a vessel receiving alterations, a cable 
may be spliced t o ex t end a circui t . 

( 3 ) A cable o f excep t iona l length m a y be 
spliced t o facilitate its installation. 

( 4 ) A cable m a y b e spl iced t o replace a dam­
aged sect ion o f the cable if b e f o r e replacing the 
damaged sect ion the remainder o f the cable is 
de termined t o b e in g o o d mechanica l and elec­
trical cond i t i on . 

Splices should b e accessible. Cables fo r re­
peated flexing service should n o t b e spl iced. 

Cable splicing should consis t o f a c o n d u c t o r 
c o n n e c t o r , rep lacement cable insulation, re-
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