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9620 -1 References

(a) General Specifications for Ships of the U. S. Navy, Section 96205, Protective devices

for electric circuits

(b) Design Data Sheet DDS9620-3-—A.C. fault current calculations

9620-4-h. Scope

This Design Data Sheet covers a method of
applyving and coordinating the protective de-
vices of ship service 60 and 4100-cycle
power svsfems,

9620 1 e General

Overadl protection of an electrical power
system consists of system faalt protection and
thermal overload protection. The primary
concern of this Design Data Shect is system
fault protection. Thix is achieved by applying
protective deviees to isolate Taulted sections
automaticadly with minimum damage and
mimimum disturbance to the remainder of the
svstem. These proteetive devices include the
circuit breakers in Tables 1, 11, and 111 and
the fuses in Table 1V, Circuit breakers with
tripping clements in all 3 poles shall be pro-
vided for fewire grounded svstems. Therefore,
type AQB ARO and type ALRB-10 circuit
hreakers shall nol be ased for wye connected
U wire prowmded neutral systems,

To ensure continuty of seeviee, a fully
riated svstem as defined in veference (a) should
be provided, and easeading should be
restricted insofar as practicable. To avoid
the necessity of using type ACB back-up
hreakers with type AQB breakers of inadequate
interrupting capacity, type AQB-LF breakers
should be used. This type breaker combines
the standard type AQB breaker with a current
limiting fuse unit which interrupts all values
of current in excess of the interrupting rating
of the breaker. Thus, the 60-cyclé interrupting
capacity of type AQR breakers is extended to

100,000 asymmetrical amperes at 500 volts.
The protective coordination is such that the
circuit breaker overcurrent devices perform
their normal functions unless the magnitude
of fault current reaches the fusing band of the
current limiting fuses (crossover band).

The thermal and magmetic trip devices protect
against overloads and short circuit currents
up to the region of the interrupting ratings

of the breakers. The approximate cross-over
bands for the AQB-LF circuit breakers are as
follows:

e w—— v —

Symmetrical |
ampercs | 0.5 p.f.
e e e
Fuse does Fuse
not blow blows
..t_...... —
AQB-LF100 <
Inst. setting 210
amperes or less T150 T50
Inst. setting above
210 amperes 10,00 12,000
AQRB-LF250 11,600 12,800

In applying type AQB-LF breakers, the time
current characteristic of the current limiting
fuses are not to be considered, and no attempt
should be made to coordinate two sets of
these fuses. When two type AQB breakers,
fused or unfused, are installed in series in a
circuit, selectivity cannot be assured for

any value of current in excess of the highest
pickup current setting of the magnetic trip
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elements. For this condition, both breakers
may trip. Consequently, there is no advantage
to be gained' by obtaining coordination of fuses
above the breaker interrupting ratings when
coordination cannot be achieved for some
values of current below the interrupting rating.
In addition, the time current characteristics
of the fuses have not been defined with suffi-
cient accuracy to permit coordination. For
the above reasons, in circuits having fault
currents in excess of the ratings of unfused
tvpe AQRB breakers, only the breaker nearest
the souree shoutd be of the fased type, The
single fased unit witk net to proteet the other
tvpe AQRB breakers in seriey.

As indicated above, continuity of service
may be lost for values of current in excess of
the magnetic trip. pick-up current setting of
the targest unit. Therefore, not more than two
tvpe AQB breakers are instaited in series.
Selective tripping can more nearly be achieved-
by the use of type ACB breakers having
time delay and adequate interrupting capacity.
However, hecause of increases in cost, weight,
and space, type AGB breakers can rarely be
justified if type AQB breakers can be used.

Prevention of false non-tripping is of impor-
tance beenuse of the dificulty of loeating
Caults, False non tripping may occur in some

instances where the following proteetive
devices are installed in sertes:

a. Two AQB or ALB breakers with the same
instantaneous setting.

b. AQB or ALB breakers in series with
fuses.

Because of the first possibility, two circuit
breakers having the same instantancous trip
settings should never he installed in xervies,
Table 1V includes the instantancoms getlinges
avaibde on severat typos o AQ aanl AR
brenkers, and the maximerm Case sivess whneh
ity e used i1 the possibility of false o
tripping is to be minimized.

Tables I, 11, and VI of veference (i)
specify the circuit breaker trip acttings for
ship serviee a.c. power and lighttag syRtems,
Examples 1, 2, 3, 4, and 5, wehich {ollaw, have
been prepared in order to tHuatrate the applica-
tion of reference (a) to-specific clectrical
systems. The examples are not intonded to
represent particular ships, but toserve as
illustrations. In making the fault current
analyses, the formulas derived in reference (b)
were uged. Circuit brosker and bus work
impoedances were not inchddad tir the ealesla-
tions, stnee Cherre inetusian-hias verys litle offec
upon the value of Coulk crrrant oblained.

Table I

Standard Navy Circuit Breakery Available for
60-Cyele Power Systems

! Maximum | Continuous
Line-to-Line Current
Breaker Voltage Rating of Poles
,ir.m.s.volts),  Copper
! (amperes)
O B J, I
ACB 84OR | 500 640 3
18O0OR MY 16040 | 3
16001 R 500 1600 3
42001 R 500 . 3200 3
4000HR ! 500 | 4000 3
AQB-A | 500 | 50 3
Al100 500 P 160 2o0r3
LF100 | 500 | 100 3
Al101 500 100 2ord
A250 500 1 250 2or3
|
LF250 500 ‘ 250 3
A400 500 400 2o0rd
AT400 500 400 3

| |
Interrupting X Short Time ! | Pime bmaris or
Rating Rating l Opemtion Pimui elny
(r.m.8. amperes) | (r.m.s, amperes)
40,000 | 25,000 1 Manual or 1o and
t leetre
an oo ICUR U] Manual or 1t 2 and 3
kilectrie
100 000 100 000 Flectoe 1,0, and 3
100 000 100 . 000 Fleetric S, and 4
100 .000 100,000 Electric 2,3, and 4
5,000 .t Manual
15,000 Manual
100,000 Manuai
15,000 Manuuli
20,000 Munual or
flectrie
100,000 Manuul
30,000 ' Manuad or
Electric -
20,000 Muanuul or | 3 or & eyeles

Fleetrie !
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Table I—-Continued

Standard Navy Circuit Breakers Available for

9620-—4-c

60-Cycle Power Systems
Maximum | Continuous
Line-to-Line | Current Interrupting | Short Time Time bands or
Voltage Rating of Poles Rating Rating Operation Time Delay
(r.m.x. volts) Copper (r.m.s. amperes) ((r.m.s. amperes)
(amperes)
500 400 3 100,000 boreeee e Manual or 3 or 5 cycles
Electric
5040 ROO 3 50,000 | ... ._. .| Manualor |
Electric
00 %00 3 40,000 Manual or
Eleetrie
) KOO R 40,000 Manual or 3 or b evclen
Eleetric
12 o0 1 (1 5,000 (2) Manua!
12h 200 3 | 10,000 Manual

Notes: (1) Can be connected by handle yokes for 2 or 3-pole operation.
2) 1500 amperes with H5-ampere element.

Recaker

AQH AW
ALOO
Aot
A2
A [

ALt

Al 10

|
i
|

f

Miaximum !

Line-to-line
Voltage
(Vaoltx)

!N
Y
)
M)
Ll
125

125

|
i
|

TABLE 11
Standard Navy Circuit Breakers Available for
400-Cycle Power Systems

<

Continuous
Current
Rating of Copper
tAmperes)

[l
100
100
200
100

15
150

Poles

K}
2ord
Sorl
2ord
20rd

1 2)
3

Rating

5,000
n
0 )]
(1
1)
5.000

10,000

Interrupting

(r.m.s. nmperes)

(3)

Short Time
Rating
(r.m.a. amperen)

1

4

Operation

Mianual
Manual
Maunual

Manual or Electrie

. Manual or Electrie

Manual
Manual

Notes: (1) Due to limited 400-cy cle test {amlnm, this hmker has been tested and approved only t.hrough 10,000 amperes.
21 Can he connected hy handle yokes {or 2 or 3-pole operation.
3 1500 amperes with H-ampere element.

Rreaker

AQHR A0
AQB Al00
A101
A230
A100
AGOO
ALR |
10

Noten::

y

Continuous

TABLE 111
Standard Navy Circuit Breakers Available for

Maximum
Line-to-Line Current f
Voltags: Rating of Copper
(Volts) ! tAmperes) f
- |
250 ‘ 50 '
250 ; 100
250 ! 100
; 250 : 250
‘ 250 ! 400
; 250 | 600
. 125 ; 50
! 125 i 200
’ i

D.C. Power Systems

Polex

3
Jord
20r3
2or3
2or3
2o0r3

1 (D

3

Interrupting
Rating Operation
(Amperes)

2.500 Manual

10,000 , Manual

10,000 l Manual

15.000 Manusl or Electrie
20,000 Manual or Electrie
20.000 Manual

2,500 (2) Manual

5.000 Manual

th Can e conneeted by handle yokes for 2 or 3-pole operation.
eH UMM amperes for b ampere element.
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Table IV -
Maximum Fuse Sizes Which May be Used in Series With Type AQB-A101, AQB-A100, AQB-A50, or ALB: Breskéts
to Eliminate the Probability of False Non-Tripping

Maximum Fuse Rating on Lead Side of Breskér
Circuit Trip Coil Instantaneous Trip . -
Breaker or Pick-up Settings _
Type Thermal Element (AMPS) Type A Type C
(AMPS) (AMPS)
AQR Aot th 0 120 3
Note (D 16 1756 220 2 H
. 45 125200 i H
| 25 290-365 3 10
| 50 250-400 2 10
‘ 50 575-725 10 25
: 75 375-600 3 15
15 866-1090 10 35
100 500-800 5 25
100 11501450 10 45
AQB-A100 16AF 90-105 .- 3
X 15A 180-210 2 5
25AF 150-178 1 5
25A 300-350 3 10
S0AF 300-350 3 10
50A 600-700 10 25
75AF 450525 5 15
758A 900-1050 10 15
100AF 600- 700 10 26
1004 1200 1400 10 40
AQR AM 10 300 80O 3 f0
th 400 300 h 1)
20 600 K00 10 uh
28 600 %00 10 20
35 600- 300 10 20
50 600-800 10 25
ALB-1 5 Note (2) 3 D {4
10, 15 Note (2) 3 15
20, 50 Note (2) 5 20
ALB-10 any Note (8) 15 : 40

Notes: (1) Type AQB-A101 breakers have adjustable (Lo-Hi) instantamneous trip settings.
2) Minimum current is 500 amps, except 400 amps for 10-15 amp breskers and 325 atiips fdr 5 Amp breakdr.
(3) Minimum current is 1200 ampa.
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: (IS-4P-2E)340'(2)TI25 (4S-4P-IE)340'(2)TI25
EMERGENCY GENERATOR E(3g-4p-25);90'(2)n00 (25— 4P~IE)220' (2)TI25 3\ EMERGENCY GENERATOR
L 1 - -
2EG-4P-2E  (2EG f @ IEG 3P e
75' TI25 — S I
cB /__“_ﬁ\ cB CcB
| PP T 1

] 3

] 2E ] IE

EMERGENCY SWITCHBOARD EMERGENCY SWETCHBOARD

NO. 2E NO IE
T RE TERMINA X
O SHORE TERMINAL BO . EE-4P-(3—6t—8ﬂ
' (IS-4P-35) 210'(4)T3 185 T40 .
3S-4P-4S) 40' 4)TI50 \ ) 210"AIT300 —
c8
SHIP SERVICE GENERATOR SHIP SERVICE GENERATOR SHIP SERVICE GENERATOR gg:(g;'é% SHIP SERVICE GENERATOR
(45G-4P-4S) @ (35G-4P-35) 356 2SG @(fSG—4P-ES§
75 (4)ITI50 — 0 75(4)TI50~—_ 7] -——(25G-4P-2S) 75'4)TI50 7 T5@miss
_ - . Z - - < z e -
cB cB cB cB cB CB cB CB cB CB
i as X 1o [ X 35 10 o] x2S K B X ]|
| |
cB SHIP SERVICE SHIP SERVICE | cB
SWITCHBOARD NO. 2 SWITCHBOARD
SHIP SERVICE SWITCHBOARD NO.4 SHIP SERVICE SWITCHBOARD NO.3 NO |

[25-4P~(3-61-8)] 120°

LIGHTING XFMR BANK NO. 3-28-2

T40 3-5KVA,I@, 4507120 VOLT

3

*Es-at:c‘a‘z?-zuﬂneo' TS

ABT

Ay

@

[OpCkN

IE-1L-(3-27-2)

s ,

[ise@-27-2(2)] 5 7

.

TERM|GENERATOR NUMBER |GENERATOR NUMBER
ISG, 2SG, 3SG, 456G IEG, 2EG
fo |0.00202 OHMS 0029 OHMS
X'y 10.0364 OHMS 0.156 OHMS
X4 10338 OHMS 2.13 OHMS
scr (128 112
I 1802 O AMPERES 160.5 AMPERES
't, 1l06.8 AMPERES 40 8 AMPERES
f. |40 0 AMPERES 09 AMPERES
| kw |500 (08 P F) 100 (0.8 P F)
450 VOLTS 450 VOLTS

Ship Service & Emergency 60-Cycle System
Example 1

[3-6 -8)-4P-Al] 70' TS ABT .
[(3-61-8)-4P-B]] 70" T3 [(3-27-21/1E-1L-AR)] . C et —_—
] = Tia 3 @ : GHTING RECEPTACLZ
3-61-8 ] [ 3-27-2 ] .
3-7-1 -304
@ | } s L GeraseLan |~
52' D3
[:‘C:] CB cB CB ¢
[(3-27-2)/E-1L-A(1Y],45' T9
@ /ﬁ3~27~2)/15-m—mz§]
_______ T T
X 20 15—
SHIP SERVICE & EMERGENCY 60-CYCLE SYSTEM LTG DIST f ./ :
EXAMPLE | FDR. BOX 3-32-3 @ 3-37-1
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X NS LN

17.
1.
[ BN
20,

450-Volt Base
T f T
Seetion Distance Cable : Ohms per 1000 ft. Section Ohms Cumulative Ohms | Location
(feet) | Size R X R X :
| |
| I |
112 180 T ! 1.4 0.037 0.252 0.00666 0 .252 000666 | . 12
12 13 Transl. poooo oo o] 0208 0.26800 0.550 0.275 | 13
4 5 T30 5.75 ‘ 0 .407 0 0288 0 .00204 0.579 0.277 { 14
14 15 (1) 45 Ti4 | 12 .40 0 .449 0.568 0.0202 1.15 0.297 15
1516 1) 5 T4 | 12.40 l 0 449 0.062 0.0022 1.21 0.299 | 16
18 17 (1) 45 TY LT i 0 520 0 836 0.0234 210 0. 322 : 17
17 18 (1 15 T4 i 40 8 i 0 548 0 611 0 0082 27N 0.310 ' 8.3
L. SR A IS B 02 3 . 681 i 0.575 { 3 .44 0.030 8. 15 ¢ 360 19
._I } o . B T, U, [P WP PN J._—_.-_,_-— l - ———
Impedances from Ship Service Generators to Switchboard 18
S , —
Gen.1GIX"4] . | S Lo 1' 0.003 | 00364 0.003 | 00364 1G
1G-11 (2) 75 | 4T150 0.0205 , 0.0065 0.0015 0.0005 0 .005 0.0369 | 11
Gen.2G(X " 4] B N A, B 4 0.003 0.0364 0.003 0.0364 2G
2G 21 (2 75 4T150 0.0205 0.0065 0.0015 0 .0005 0.005 0 0369 21
21 11 (2) 40 4T150 0.0205 0.0065 0.0008 0.00026 0.006 0.0372 11
Gen 3G(X" ) | L .. ..4 0.003 0.0364 0.003 0.03684 3G
3G 31 2) 15 4T150 0.0205 0.0065 0.0015 0.0005 0.005 0.0369 3
31 11 (2 210 4T300 0 0108 0.0065 0.0023 0.0014 0.007 0.0383 l 11
Gen 4G (X ") ‘ 0.003 0.0364 0.003 0 0364 4G
1G 1 15 4TI 0 0205 0.0065 0.0015 0.005 0 005 0 .0369 41
11 40 4TI 0.0205 0 0065 0. 00082 | 0.00026 0 006 0 o372 J1
311 00023 | 0 0014 0008 | oo | 1
. . i
Note th Tmpedanes ealeulated on 450-volt basix. Typical caleulations for converting impedances on a 120-volt base
to impedances on a 450-volt base are ax follows: -
450 \ *
Ry g=0 3812/1000% Ry =0.38 (o0 ) -5 330/1000
Seetion (13-14) 120 450 1“050 .
XIZO =0.0291/1000°; x450 =0.029 (—12-0- =0 .4070/1000

6

-

EXAMPLE 1
Impedances {from Switchboard 1S to Location 18

Note (2): Impedances are based on the number of cables in paraliel. Typical ealculations for determining the impedance
of cables in parallel are as follows:

Section (1G-11;—

z
eg

YA
eg.

1

z

T150
- 0081 +j0 026
‘

I. Caleulation of fault currents

+

zl +
T150

= (0 0205 +j0.0065)Q/1000’

A. Maximum RMS asymmetrical short circuit current from ship service generator No. 1G
at switchboard No. IS:

I'll

_15E,

1.5 E,

_ 1.5(260)

“X."+X. Impedance @ line 10 0.0369

=10,580 amps

B. Minimum sustained RMS short circuit current of ship service generator No. 1G at

switchboard No. 1S:

e

I, :

" (S.CRIX,

(

108.8
40.0

)(1.28) (0.338) (802)

Xa+ X,

0.338 + 0.0006

=2730 amps
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C. Maximum available RMS short circuit current at switchbosrd No. 1:3:
L genernior =2/3 (802) =535 amps (motor contrib./gen.)
(a) Average of the maximum asymmetrical RMS curreats of the three phases at Ve eycle:
Assuming generators 1G, 2G, and 3G in parallel:

1 1
X Hel= = =
paraliel=—1 L1 1 R
xl‘-! 1 Xz‘.u x:u—| 1 0.03% 0.0372 0.03'83
1
=0.0125 ohm

27142694261 801
Lacioman =3(802) (2/3) =1604 amps

(1.25) (260)
0.0125

=31,600 amp.

E,
La=3.5(L) + = (3.5) (1604) +

(b) Maximum available RMS asymmetrical short cireuit eurrent:

L= L4222 B 4 (1604) + 22289 _37 600 amps
X 0.0125

D. Maximum available short circuit current at @ (panel 3-27-2):
Resistance from switchboard to fault—r,—R line 3=0.579 ohm
Renctance from switchboard to fault=X,—X line 3=0.277 ohm
Equivalent resistance—R—r,=0.579 ohm
Equivalent reactance=X=X,' X,q. 20, 3a=0.277+0.0126=0.290 ohm

X 0.290

—=——=0.501; K, =1; K,=1
R 0.579

_ 0.71E, JKE

[o0TE.  \' (019, ) VE+T
T +r, |+ I + X, :

. 0.07 (260
,:007E“ '."—-l(--—)——?-+0.5797-0.590 ohm

L. 1604

) 119(2
X.= 0.19E, +x,= (——1—9—(-——6—2)—4-0.277:':0.308 ohm
| O 1604

Z.=v (0.590)*+ (0.308) *=0.661 ohm

Z-=1v R+ X =1 (0.579)* + (0.290) = 0.648 ohm

(1) Average of the maximum asymmetrical RMS currents of the three phases at 1%
cycle:

0.71(260) 260 450-V.
= =278+ 401 =679 amps(
lee=—Gg6a T 0648 » TP base )

=679 (3?%):2546 amps (120-V. base)
12
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(2) Maximum available short-circuit current at 4 cycle in the phase having the
maximum asymmelrical current:

081 F, K. E,

h . +-'.' »
0071, T 00K, ' VRN
' ‘ '.I ' - l‘_—' - -" x'

O.K1(260) 260 450.V
i | e = 817 4+ 401 = .
o661 0.8 718 amp‘( base )

R

4h0
718(-1-50-) 22690 amps (120-v. base)

-

2. Minimum available RMS asymmetrical short-circuit current

(1) At @ (Distribution feeder box No. 3-17-1)
Assuming only generator 4G in operation:

R=R4G—11+R11-16=0.008+1.21=1.22 ohms
X=X4G~11+X11—-16=0.0386 +0.299=0.338 ohm

E.
VR NT vV (1.22)7 4 (0.338): base

/150 120-V
5Y _ . D, - .
, .JN»( .')> 772 .1mps( base )

lmnu -

12
(2) At a3 (Lighting receptacle)
R:20.008 +6.15::6.16 ohms
X =0.0386+0.360=0.399 ohm
0.866 (260)
V (6.16)*+ (0.399)*

=36.6 amps (450-V. base) =137 amps (120 V. base)

lluoluz

NOTE: SINGLE PHASE FAULT CURRENT IS FOUND BY MULTIPLYING THE THREE
PIIASE CURRENT BY

=/ E _oses
22./ v3z,

. Selection of protective deviee
A. Ship service A.C. generators Nos. 1G, 2G, 3G and 4G

(1) Line-to-line voltage=450 volts
Full load current of generator=802 amps.
Maximum available fault current through generator breaker =81,600 amps.
Consequently, breaker must be type ACB 1600 with an 800 amp. coil.

(2) Long time delay setting:
150 percent of full load current=1203 amps.
LTD setting=1280 amps.

(3) Short time delay setting:
80 percent of minimum sustained short circuit current=0.8(2730) = 2181 amps.
STD sctting= 2100 amps., time band No. 3
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(4) Instantaneous trip setting:

120 percent of maximum generator asymmetrical short circuit current=1.2
(10,580) =12,700 amps.
Instantaneous setting=13,000 amps.

(5) Reverse power relay:
S percent of generator rating=0.05 (500) =25 KW
Shall trip in 10 scconds or less with reverse power of 25 KW,

B. Bus tie circuit breaker No. 1S-4P-3S

(1) Resultant current=1200 amps.

I avgr, at switchboard =31,600 amps.
Use type ACB 1600 breaker with 1200 amp, coil,

(2) Long time delay setting: Not required for multi-generator switchgear groups.

(3) Short time delay setting:

150 percent of bus tie coil rating=1.5x1200=1800 amps.
STD setting=1800 amps., time band No. 2:

(4) Instantaneous trip setting: 40,000 amps. Since GSS does not require an instiu-
tancous trip, the maximum possible setting is used.

C. Shore connection circuit breaker

(1) Capacity of shore power system=800 amps.
Use type ACB-1600 breaker with 800 amp. coil.

(2) Lonyg time delay setting:
1.5(800) =1200 amps.
LTD setting=1280 amps.

(3) Short time delay setting:
STD setting=2100 amps., time band No. 3

(4) Instantaneous trip setting: 40,000 amps. Since GSS does not require am inmtan-
"~ taneous trip, the maximum setting is used.
D. Feeder cireuit breaker No, 184D-(3-27-2)
{1 Maximum available fault current=31,600 amps.
18
Full load current of transformer bank=————— —19.3 amps.
v 3(0.450)

Transformer inrush current=12(19.3) =232 amps.
Use type AQB-LF100 with 25 amp. coil.

(2) Long time delay: 25 amp. coil rating.
(1 Short time delay setting: Not applicable.

(1) Inxtantancous trip setting:
1200 percent trip element rating=12(25) =300 amp.
R0 percent minimum available current = 0.80(5700) =AK60 amps.
Instantaneous trip setting = 300-350 amps.

E. Sub-hranch lighting circuit fuse No. (3-27 -2) /1 F-1L-A1A1l:
Sub-branch supplying receptacle=15 amps.

F. Bran_ch lighting circuit fuse No. (3-27-2)/1E-11~A1A: 20 amps.



9620--1--¢ 10

(i. Sub-main lighting circuit fuse No, (3-27-2) /1E-11-A1l: 30 amps.

. Main cireait breaker Noo (3-27-2)-11.-A(1):
Maximum available fault current 2540 amps.
Use type ALB-5 breuker with 35 amps. coil
It was not necessary to calculate the maximum fault current since breaker 1S—4P-
(3-27-2) provides adequate back-up protection.

[. Feeder cirenit breaker No, 2S4P-(3-61-8):

(1) Maximum available fault current=31,600 amps.
Resultant load current=79 amps.
Use type AQBE LETOO breaker with 100 amp. coil.

2) Instanbaneous teip setting: 12000 1100 amps, since main breaker instantaneous
setting s 600 700 unps,

J. Maan civeuwit breaker No,o (3--61.8) 1P A(1):

(1) Maximum available fault current==9290 amps.
Resultant load current, 1,=26.5 amps.
[.ocked rotor current=185 amps.
Use type AQB-A100 breaker with 50 amp. coil.
It was not necessary to calculate the maximum fault current since breaker No.
28-1P-(3-61-R) provides adequate back-up protection.

(2) Instantancous trip setting:

E
Minimum fault current from emergency generator No. 1E=—-—,-g-;‘_—:—
vR:+X?

Rowi.=0.185 (0.32) =0.0592 ohm.

X ... 0185 (0,029) —0.00536 ohm.
R 0,029 0.0592 00882 ohm.
N OIL6 1 000036 0161 ohm,
(260 260
. ) - ( ) - 1420 amps.

VOORRZ | OLTGLT 0,183

8O percent [, =0.80(1420) = 1136 amps.
1200 percent of overcurrent trip rating=12(50) =600 amps.
L.T. setting=600-700 amps.

K. Fmergency bus tic breaker No. 2S4P-1E:

(1) 1,..=51,600 amps.
I, =300 amps. (rated capacity of emergency bus tie circuit)
Use type ACB-G610 breaker with 320 amp. coil

(2) TLong time delay setling:
RO percent ship service generator LTD = (0.80) (1280) = 1021 amps,
120 percent of the highest T.T.D, setting of the feeder breakers= (1.20) (33R) =
A05.6 ampx,
150 pereent L= (1.50) (300) =450 amps.
LTD setting =500 ampes.

(3) Short time delayv setting:
120 percent of the highest instantaneous setting of the AQB feeder breakers=

(1.20) (1400) - 1680 amps.
RO peercent ship service gencrator STD = (0.80) (2100) = 1680 amps.
STD scetting=1600 amps, time band No. 2
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(1) Instantancous sctting:
... =31,600 ampu.
Short time rating of breaker=25,000 amps.
Instantanevus setting=16,000 ampe. (highest setting available for this cuil size)

L. Emergency generator No. 1EG:

(1) Full load current of generator=160.5 amps.
17, =2460 amps.
Use type AQB-A250 with 160G coil

t2) Ling time delay seiting: 160G coil
{3) Shert time delay setting: not applicable.

(1) Instantancous trip setting:
120 percent 17, = (1.20) (2460) = 2952 amps.
L.T. setting = 3200 amps.

TABULATION OF BREAKERS AND SETTING POR EXAMPLE 1

o V- ——p —— 1____-T_ e |
‘ P-:Sin' Mazimems | Winimuns
Brewler o Coit . LTD | STD ! Instantaneous Fault Pault
or Fume . l‘uno‘ Rating P\eknp Pickup | Time Pichup Curvent Currvmt
No. Type Sise ' (Amps.) (Am) (Amps.) Bamd (Amwpa.) (Xwmgm. ) (Aneme.)
e g e b
{
Gen. No. IG , ACB t6OOR i 800 1280 2100 3 13008 3.8
1IN P AN | ACB 1G00R . 1200 N.A. 1400 2z 46 000 33 uaw
Shore Power . ACR | reo0R P e | 120 | siee 3 49 on0 T nm.
N AP 32T AQN lus 2 | NA. | NA. | NA 00 15 10 .
LK k
32T L AD ALB - 35 N.A. N.A. N.A. N.A. 2.8 [
2T 2 LR 1L AL . Fuse N.A. | 0 N.A. l N.A. NA. NA.
LI A \IA . Fuse N.A 20 N.A. | N.A. NA. N.A.
307 2k L oALAt Fue NA. | 15 . NA N.A. N.A. N.A. RE~4
BT Y LN ) AQS8- 100 ' 100 N.A. NA. N.A. 200 1400 | 3.0
. LF
3 61 2P Al ' AQB- 100 } 3 ;| NA. | NA | KA e-700 N.A. 1o
A
35 4P LB, _ACB SR 129 500 | te00 2 % 909 !
Gen. |E . ;AQB Al 230 ‘ 160G | N.A. NA. | NA. 1.200 |
- - L . IS S R R
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SHIP SERVICE GENERATOR \BuUs TIE .
5
{6SG-4P-65), 5581 T350
1SG (5S-4P-6S) 256 | 25
| ~—95'(8)TSGA S-4p-
95'(8)TSGA350 5" TSGA-200
! 2 3 4 X6 [ 12 13 |4
‘ /(ZSG~4P-2S)
- 30TSGA-9 |—BCOTSGA-23 20'(2) THOF-250
(55/65-4P)
@ 30'TSGA-250 7 8 9 16
(3) SKVA (3)15 KVA
’(48-4P-A) 450/120VOLT] 450/12 0 VOLT! 22" TSGA
. (65-4P-6SA) 725 (3)7564-250 TRANSFORMERS TRANSFORMERS GA-100—
- 7'(3) TSGA-300 Hs R=0 291 R=0.0735
I 9 " X= 0.267 X:0 1071 M
2 (6S-4P-65B) Ls @ NO.2 NC 2
85'(2) TSGA-350 COOLANT PUMP MOTORS My VWV
eSB cSA L\ : AAA AN SHIP SERVICE ROD DRIVE
(25-4pP-A)IBTSGA-T75 (é:) MG SET M G SET
I5 40'TSGA-30 — - 40' TSGA-150
TERwm [GENERATOR NUMBER | MOTOR GENERATOR
(6SA-4P-65Al) ISG , 2S6G NO2 , NOS4 [ }«DISTRIBUTION PANEL
847 T5GA-250 "4 | 0.000522 OHMS | ©0.00925 OMMS LIGHTING RECEPTACLE\
6SAl Xy 0 0115 OHMS 0 073 OHMS 7 —=)
. ——45'D3
L 0 106 0 670 OHMS
21 ‘ -
scr 0.875 12 40 TSGA-75
6SAI-4P-(4-48-1) o 3210 AMPERES | 482 AMPERES 19
30 TSGA-30 — @
lfr 273 AMPERES CI:]
—
[4-28-1 ]} \ 4-48-1 '¢c | 69 AMPERES \DISTRIBUTION PANZ.
(4-48-1)4P (4-28-1) ' -
90 TSGA-23 Kw 2000 (0 8P.F) 300 (0.8 P.F) 5 |15 TSGAI4
(2193 ] (4-28-1) 4P (4-19-3) v, 450 VOLTS 450 VOLTS
45 TSGA-14 lg 1563 AMPERES ABT ,
30 AL _15'TSGA-30 o0l
LIGHTING FEEDER JUNCTION
(4-19-3)4P-A
15 TSGA-14 REACTOR PLANT

CONTROL DISTRIBUTION PANEL

SHIP SERVICE 60-CYCLE POWER SYSTEM NUCLEAR SUBMARINE
EXAMPLE 2

Example 2
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EXAMPLE 2
Impedances from Switchboard 2S to Location 26
450-Volt Base

[ e - —
Distance ‘ Cable Ohms per 1000 Ft. Section Ohms Cumulative Ohmix
Neetion (Feoty | Nize R X R X R X
| - : —- -+~ - --
ap T2 0.55 0.030 0.044 0.0024 0.044 ' 0.0024
oy Tran:f, l 1 o0.0735 0.10T1 0.1175 | 0 1085
dott o 10 TI60 1.14 0.366 0.0456 0 0146 0163 ! 0.124
SLoan 10 [T v £ 2.9 0.380 0.0956 0.0152 02w , 0119
IR 15 l 114 12.40 0 449 0.186 0.00675 | 0 445 g 0.146
Impedances from Generators to Switchboards
450-Volt Base
i [ _ i
Gen. 2G (X" ! A N S 0.0005 | 00115 | 00005 | 00115
2G 61 : 95 | 8T350 0.0046 0.00313| 0.0004 0.00029| 00009 | 00118
Gen. MG2 (X" | o . o] o0.00925 | 0073 | 000925 | 0073
MG 2t ! 20 27250 J 0.026 0.013 0.00052 | 0.0026 0.00977 | 0 0756
Gen. 1G (X" ; . : .. 1 o.000n 0.0115 0.0005 00115
1G 51 i s RT850 0 0046 0 00313] 0.0004 0.00029 | 0.0009 0 0118
) | 2h ’ AT 00 0 0078 0 00626| 0 0002 0.00016 | 0 001l 00120
| .
Impedances from Switchboard 68 to Loeution 67
450-Volt Base
| | oo o oon
61 62 i 7 1 3T300 0.0143 0.0087 0.0010 0.00061 | 0.0010 @ 0.0006
B2 6 ; B4 | T250 0.051 0.026 0.0043 0.0022 0.0053 | 0.0028
w64 | 30 | T30 0.41 0.029 0.0123 0.00087 | 0.0176 ' 0.0037
61 6o ; 9% T23 0.55 0.030 0.0495 0.0027 0.0671 0.0064
B3 66 ‘ 45 Ti4 0.88 0.032 0.0396 | 0.0014 0.1067 0 0078
66 67 , 15 T4 0.88 0.032 0.0134 0.0005 0.1201 0.0083
|
1 [—

Note (1) Impedanece calculated on 450-volt basis. To convert from an impedance on a 120-voit base to an impedance
on a4 450-volt buse, the following formulas are used:

450 \*. 450 \?
R 450'“120(’120‘) X 450 =X 120\ 130

1. Caleulation of Gt currents

A, Maximum RMS asymmetrieal short circuit current of ship service generator No. 2G at
switchboard 65

| = 1.6 E. _1.5(260) _ 33,100 amps (Used to determine the instantaneous setting of
T rx. 00118 =99, - the generator breaker) :
1.25E, 1.25(260) (Used to determine the interrupting require-
L= = =27,500 amps. ments of the generator breaker)

x".+X. 00118
B. Minimum sustained RMS short circuit current of ship service generator No. 2G at
switchboard No. 6S:

L. 273
—(S.C.R) xl, E(0.875) (0.106) (3210)

1.
B Xol X 0.106 +0.00029 =11,100 ampa.

. Maximum available fault current at switchboard No. 6S
1,=2,3(8210) * =2140 ampes.

I,
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(a) Average of the maximum asymmetrical RMS currents of the thrée pasey at
12 cycle:
Assuming one turbine generator and one motof generntor in prrultel,
| 1 | |

—— ———

S
Ximiaties Xowar Xma: 00118 0.0766
Xparwin1 =0.0102 Ohm

980 Xmarier 0.0102 ORM

1.25E 25(2 . .
Lw=3.5I.+ *-=8.5(2140) + 1.25(260) =39,290 amps.
0.0102
(b) Maximum available RMS asymmetrical short circuit current:
1.5(260)

Li:=4 I.+15 E,=4(2140) + > =8560 + 38,200 =46,760 amps.

D. Maximum available short circuit current at twenty-four:
Resistance from switchboard to fault = r, = 0.163 ohm
Reactance from switchboard to fault = x, = 0.124 ohm
Equivalent resistance = R = r, = 0.163 ohm
Fquivalent reactance = X = X, + X, = 0.124 + 0.0118 = 0.136 ohm

X 0.136

—m—(0.834; K,=1; K,=
R -oaes 0834 K=l K.=1
0.71 E, K, E,
L= +
/( 0.07 E, >’ (0.19 E, > VR*+X:
! +ry + + X,
\Y ) L.
0.07E, 0.07(2 ,
Ri= +r= (260) +0.163=0.40851 +0.163=0.172 ohm
I. 2140
0.19(260)
T +- 0,124 = 0.147 .
X, 3140 +0.124 0;4 1 ohm
C L — 0.71(260) + 260 =2046 amps (450V base)
V(0.172) 2 + (0.147)= v (0.163): + (0.136):
450
=2046(I—;6)=7690 amps (120 volt base)
0.81E, K.E,

=2164 amps. (450V base)

+
0. .19 2 R:+ X
I--m:\/<"""'9:-§:‘—+h>:+ <..2.ii&_._+x'> \"

=2164 (%): 8100 amps. (120 V.base)

E. Minimum avajlable RMS asymmetrical short circuit current:
At twenty-six, assuming only MG set No. 2 in operuation:
R=Rui: o + Ry, 0= 0.00977 + 0.445=0.465 ohm
X=0.0756 +0.146 =0.222 ohm

_ 0.866E, 0.866 (260) _ 0.866(260)

- = = =445 amp. (450 volt)
VR:+X* v/ (0.455)*+ (0.222)* 0.507

Imin

=445 (%5(%): 1670 amps. (120-volt base)
1 s
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If. Selection of protective devices .
A. Ship service A.C. generators Nos. 1G and 2G

(1) Line-to-line voltage = 450 volts
Full load current of generator = 3210 amps.
Maximum available fuult current = 27,500 ampa.
Use type ACRB-3200H breaker with 3200 amp. coil

(2) long time delay setting:
150 percent full load current =4815 amps.
LTD setting =4800 amps.

(3) Short time delay setting:
80 percent of sustained short circuit current = 0.8(11,100) = 8880 amps.
STD setting = 8000 amps, time band No. 4

(4) Instantaneous trip setting: 80,000 amps. max. value

(56) Reverse power relay:
5 percent generator rating = 100 KW
Shall trip in 10 seconds or less with reverse power of 100 KW.

B. Bus tie breaker No. 5S-4P-6S:

(1) I... at switchboard =35,100 amps.
Resultant current =1605 amps
Use type ACB-1600A brcaker with 1600 amp. coil

(2) Long time delay setting:
RO percent gencrator LTD = 0.80(4800) = 3840 amps.
150 percent resultant current = 1.50(1605) = 2407.5 ampes.
LTD setting = 3200 amps.

(3) Short time delay setting:
R0 percent generator STD = 0.80(8000) = 6400 amps.
STD setting = 6000 amps. time band No. 3

(1) Instantaneous setting: 40,000 amps. (maximum available)

C. Pressurizer heater circuit breaker:
(1) Maximum available fault current = 27,400 ampas.
200 Kw
Full load current =——
V3 (440)
Use type AQB-A100 breaker with 300 amp. coil
(2) l.ong time delay: 300 amp. coil

=263 amps.

(3) Short time delay : not applicable

(1) Instantanecous: 600 percent cotl rating = 6(300) - 1800 amps.
tnstantancous setting - 1820 amps.

D. Feeder circuit breaker No. 13:
(1) Maximum available fault current = 35,100 amps.
45
Full load current = ——————=57.7 amps.
v3 (0.450)

Transformer inrush current = 12(57.7) = 691 amps.
Use type AQB-LF100 breaker with 75 amp. coil
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t2) Lonyg time delay: 75 amp. coil
{3) Short time delay : not applicable

(4) Instantaneous setting:
1200 percent coil rating = 12(75) = 900 amps.
Minimum current at twenty-four = 850 amps.
80 percent minimum current = 0.8(850) = 680 amps.
Instantaneous setting = 900 = 1050 amps.

In this case, the instantaneous settmg of 1200-1400 percent of coil rating was chosen cven
though greater than 80 percent of minimum current. This settmg was chosen to prevent
tripping on transtormer inrush current.

When a transformer is first energized, a transient exciting current flows to bridge the gap
between the conditions existing before the transformer is energized and the conditions dictated
hy steady-state requirements. For any given transformer this transient currend depends upoa
the magnitude of the aupply voltage ut the instant the transformer in eneryized, the resislual
flux in the core and the impedance of the supply circuit. Often the magnitude of thix triusicut
current exceeds full-lond current and may reach 8-10 times full-load current.

With a fault at location 24 and only MG set No. 2 feeding bus No. 28, breaker Ne. 2
should trip on long time delay, rather than instantineous, since sufficient fault current ix el
available for instaintaneous tripping. Several seconds may elapse before circuit interruption It
no damage should result other than the original fault. The time-current characteristics of the
75 amp. coil in breaker No. 13 will protect the cable from damage. Should any of the oiher .
loads drop out during this period because of low voltage, duplicate equipment on bus 1S wotld
still be in operation. Consequently, the breaker setting chosen should provide sclective oporation
with the turbo-generators in operation, provide adequate protection with only the MG wet in
operation and prevent false tripping on transformer inrush current.

Under different circumstances, however, the 600-700 percent instantanecus setting may lae
necessary and the pmsibility of false tripping accepted. This could occur with a laad fod from 2
small transformer which is in turn supplied through a normal feed from the ship servics
switchboard or an emergency feed from a small emergency generator. Faced with tise chusoe of
having either false tripping because of transformer inrush current when the ship service
generators arc on the line or selectivity when the emergency generator is on the line, the lutter ix
preferred. Although the transformer transient inrush current may reach 8 te 10 timen full loud
current, the probability of achieving the maximum value is not great. Thus, the 480-740
percent instantancous setting is accepted with the knowledge that the breaker may have to
be reclosed occasionally because of false tripping on transformer inrush current.

E. Circuit breaker No. 17:

(1) Maximum available fault current = 7690 amps.
Resultant current = 80 amps.
Use tvpe ALB-10 breaker with 100 amp. coil

(2) Long time delay and magnetic trip are not adjustable.

F. Circuit breaker No. 18:

(1) Maximum available fault current = 5110 amps.
Resultant current = 33 ampa.
Use type ALB-5 breaker with 35 amp. coil

(2) Long time delay and magnetic trip are not adjustable.

G. Circuit breaker No. 19:

(1) Maximum available fault current = 3490 amps.
Use type ALB--1 breaker with 15 amp. coil.

(2) Long time delay and magnetic trip are not adjustable.
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H. Circuit breaker No. 8 (high speed coolant pump):

(n

€2)

(1)

1. Ship
(1)

(2)

(B )]

Maximum available fault current = 35,100 amps.
Full load current = 700 amps. .
Use type ACB-1600 breaker with 800 amp. coil.

Long time delay setting:
150 percent Mull load current = 1.50(650) = 9756 amps.
'TD sefting - 1280 amps.  (minimum available setting)

Short time delay setting: Not required

Instantancous trip setting:
Twice locked-rotor starting current = 2(2200) = 4400 ampes.
Instantaneous setting = 4400 amps.

service motor-generator sets Nos. 1 and 2:

Full load current of generator = 482 amps.
Maximum available fault current = 29,800 amps.
Use type ACB—640 breaker with 560 amp. coil.

Long time delay setting:
150 percent full load current = 1.50 (482) = 723 amps.
LTD setting = 840 amps.

Short time delay setting:
80 percent of sustained short circuit current = 0.80(1563) = 1250.4 amp.
STD setting = 1120 amps., time band No. 8

Instantancous setting

120 percent 1”g - 1.20(5160) = 6190 ampa.

Instantancous setting 6200 amps.

With the above setting and a ship service generator operating, a fault on the
motor-generator side of the breaker will allow the MG breaker to trip without
tripping the MG-TG tie breaker. Since the setting is above the maximum current
which can be supplied by the motor-generator set, the breaker will not trip on
instantaneous because of a fault on the bus side of the MG breaker.

J. Circuit breaker No. 16 (rod drive MG set) :

(1)

(2)
3)
N

Maximum available fault current = 28,400 amps.
Full load current = 118 amps.
Use type AQB-LF250 breaker with 125 LM coil.

Long time delay: 125 amp. coil
Short time delay: not applicable
Instan{aneoux setting:

1200 percent coil rating = 12(125) = 1500 amps.
Instantaneous setting = 1950 amps.

K. MG-TQG tie breaker No. 5:

(1)

(2)

Maximum available fault current = 35,100 ampas.
Resultant load current = 850 ampas.
Ulse type ACB-1600 breaker with 1000 amp. coil.

Longr time delay setting:
150 percent resultant load current = 1.50 (850) = 1275 amps.
LTD setting = 1600 amps.
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(3) Short time delay setting: ‘
120 percent instantaneous of breaker No. 16 = 1.20(1960) = 2340 ‘ntpm.
80 percent short time delay of bus tie = 0.80(8000) = 4800 ampn.
STD setting = 2400 ampas., time band No. 2

(4) Instantaneous setting: 40,000 amps. (maximum value).

Ordinarily, the long time delay setting for a bus tie breaker is 80 percent of the generator
circuit breaker LTD pickup setting. In this case,an LTD setting of 0.80:(840) = 472 amps. would
result. Since the resultant load current of the bus tie circuit is 850 amps., the gdbhove setting i neit
practical.

Similarly, the short time delay setting for a bus tie breaker is 80 percent of the generntor
STD pickup. This would result in an STD setting of 0.80(1120) = 886 amps. The above setling
is also impractical since the instantaneous trip of a feeder breaker on the MG bus ix 1950 iimpw.

The above settings for the MG-TG tie breaker could be raised by raising the motorgenerator
pick-up points. However, the STD of the MG breaker would then be above the genciator
sustained current and the breaker would not trip for faults on the bua side.

For the above reasons, the MG-T'G bus tie breaker is set as though it were a Teeder brenker
supplying load from the turbo-generator and the MG breakeér in sét to proteet theimotor gencralor.

L. Circuit breaker No. 7:

M.

(1) Maximum available fault current = 35,100 ampa.
Resultant load current = 1520 amps.
Use type ACB-1600 breaker with 1600 amp. ¢dil.

(2) Long time delay setting:
150 percent resultant load current = 1.50 (1520) = 2280 amps.
LTD setting = 2400 amps.

(3) Short time delay setting: A
80 percent STD of bus tie breaker = 0.80(8000) = 4800 amps.
STD setting = 4800 amps., time band No. 1

(-1) Instantaneous setting: 10,000 amps. (maximum settinir pvailnbiv)

Circuit breaker No. 15 (6SA—4P-8SA1) :

(1Y Maximum available (ault current = 31,860 amps.
Resultant load current = 230 amps.
Use type AQB-LF250 breaker with 250 amp. coil.

(2) Long time delay setting: 250 amp. coil.
(3) Short time delay setting: not required

(4) Instantaneous setting:
Sum of 1.6 times starting current of largest motor plus full lmd curvent of the
balance of the loads = 361 amps.
80 percent minimum current = 0.80(2720) = 2176 amps.
Highest instantaneous setting of any AQB breaker in series = %00-1050 ampx.
Instantaneous setting of breaker No. 15 = 1300 amps. which is the Hl (high)
setting for a 2501, coil.

Circuit breaker No. 21 (6SA1-4P-(4-48-1):

(1) Resultant load current - 68 amps.
Use type AQRB-AL0O breaker with 75 amp. coil.

(2) Instantaneous setting:
Sum of 1.6 times starting current of largest motor plus full load current of the
balance of the load = 126 amps.
Instantaneous setting = 900-1050 amps.
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This instantaneous setting is used to prevent false non-tripping for a fault on circuit No.
(119 3y -1 A, which requires a 30 amp. fuse.

0. Fuse No. (1-19-3)-4P-A
Maximum available fault current — 3930 amps.
I“ull load curvent of motor = 7.5 amps.
50 percent full load rating = 3.5(7.5) = 23.25 amps.
400 percent full load rating = 4(7.5) = .5 0 amps.
tse characteristic ¢ fuse rated 30 amps.
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SHORE POWER CONNECTION
SHIP SERVICE SHIP SERVICE SHIP SERVICE/COOL ANT PUMP
A.C. GENERATOR ¢ ¢ A C GENERATOR A.C. GENERATOR
256 3 5 @ @
—30" 10T400 — 26' 10T400 33" |10T400

{
160' 87400 T

!5—~———~t

.—37' 8T400

ONO

COOLANT PUMPS

152" 87400
] 2 4 8 9 i3 rw
, 20' 10T400
24'10T400
25 258 [se -+ s yi—{:_r‘s_&j [ 1sc ]
24' 107400 1EG 10
50" 87400 40 47400
—— 215" 4T400 20' 4T400
e
[Lc 25 ] o H~————{ tc 1| [(c_ 21 ]
6
I s i 21
-— 50" 47400 30' 09—~——d
I5KVA, |0
450/120V.
TRANSFORMER
25' D60
[t 76 ] i
@ T9 ; < ABT. 0" D60
L )

SHIP SERVICE & REACTOR COOLANT PUMPING POWER SYSTEM OF NUCLEAR POWERED SURFACE SHIP
EXAMPLE 3

Example 3

77' 87400

7 36 47400 N

COOLANT PUss=
A C.GENERATC =

(ico)

19' 10T400
20
I ICA

30107400 —

N ®

1CB

I8 s

ORO

30-60 CYCLES
TERM GENERATOR NUMBER
ISG, ISCG, ICG, 2CG
fo | 000027 OHMS
X", | 000081 OHMS
scr | LI67
{, | 4010 AMPERES
'f, | 254 AMPERES
f. | 916 AMPERES
kw | 2500 (8P F)
VL | 450 VOLTS
X4 | 0.0822 OHMS




21 9620-4—c

EXAMPLE 3

1. Faull current enleulations for coolant pump system
Sinee maximum fault eurrent will oceur at 60 cycles, the calculations will be made on the 60-cydle basis.

Impedance from Coolant Pump Generators to Switchboard ICC

450-Volt Base
L e
Section | Distance Cable Ohms per 1000 Ft. Section Ohms - Cumulative Ohms
(Feet) Size R X R X R X
~~~~~~~~ + - . 4
Gen. INSCG X" | — —_— — 0.00027 0.0081 0.00027 0.0081
1SCG 3 X 37 10T400 0.0031 0.0025 0.00011 0.0001 0 00038 0 0082
Gen, 1CG (X700 C — — -_ 0.00027 0.0081 : 0 .00027 0 0081
1CG 19 10T400 0.0031 0.0025 0.00006 0.00005 0 00033 . 0 008!
12 30 10T400 0.0031 0.0025 0.00009% 0.0001 0 00042 0 0082
2 7 XT400 0.0039 0.0031 0.0003 0.0002 0.00072 | 0 0084
- - . e de i e e —— - e+ o ©5

A. Average of the maximum asymmetrical RMS currents of the three phases at 1,2 cycle
through coolant pump generator breaker No. 1CG:

The maximum current through the generator breaker would occur with two generators and
four coolant pumps operating at 60 cycles. The maximum current would result from a fault
between ygenerator and generator breaker with the remaining generator and four coolant pump
motors feeding the fault.

1..=4(1220) =4880 amps.

1.25E, 1.25(260)
=3.5(4880) + ——————— =56,300 .
= ( )+ 00083 17,100+ 39,200 =56, amps

L..=35 l.+

B. Minimum sustained RMS asymmetrical short circuit current of coolant pump generator
No. 1CG:

I, 254
i'—(S.C.R.)x..I, 31—?;-(1.167) (0.0822) (4010)
I.: fe - . = ]
, oy 0.0822 12,900 amps. (60 cycle)

C. Average of the maximum asymmetrical RMS currents of the three phases at 1/2 cycle
at switchboard No. ICC with generators 1SCG and ICG in parallel:

The maximum current through a coolant pump breaker would result from a fault between
motor and motor breaker with two generators and three motors feeding current through the
breaker.

1.=3(1220) =3660 amps.

- L O S S S
—x:-ullrl - XisG-3 xmn-n-— 0.0082 0.0084—
X= 1 =0.00415 ohm
T241
1.25E, 1.25(260)

’a\r:3'5 Im"—:

=3.5(3660) +———""" 91,100 )
(3660) +—500a15 O1:100 ampe
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I1. Fault current cateulation for ship service system:

Impedances from Switchboard 18 to Location 10
450-Voult Base

Section Distance Cable Ohmas per 1000 Feet Section Ohms Curntilstive Ohns
(Feet) Size R X R X R X
87 24 10T200 (] 0031 0 002h 0 0001 0 0001 0 0001 " ‘6001
73. 90 8T400 0.003Y 0 0031 0 0002 0 0002 ‘9 0003 ] 0 (0%
8-9 . .. ... ... 50 4T400 0.0078 0 0062 0 0004 0 0008 0 0007 ‘0 ‘6H06
9-10.. .. ..., 50 T9 1.40 0.037 0.0700 ‘0.0019 0.0707 l 0 0025
Impedances from Ship Service Generators to Switchboard 18
—_ . . e

Gen. 1SG (X")) . . - — — — 0 . 00027 ‘0 0081 00003 | 0 00N
18G 6 26 10T400 0.0031 ‘0 0025 0 0001 0 0001 0 0004 I ‘N2
‘Gen, ISCG (X0 - ! 0 00027 0 00x1 0 '0hai ‘0
18¢G 1 33 10T400 0 0031 0 0025 0 ‘000t ‘0 6oo LR )T 0 I
45 152 31400 0.0039 0.0031 0.0008 0 0008 0 0010 0 ‘oo
5-6 oL 20 10T400 0.0031 0.0025 | 0 0001 ‘0 0001 0 0011 ‘0 ‘oous

A. Average of the maximum asymmetrical RMS currents of the three phaves at 1,2 cydle
at switchboard No. 18:
1.=2,3(4010) =2670 amps.
1 1 1 1 1

—_— = + =122+114 =
X T X " 00082 0.0088 +114=296

) :_.l-zo.owm ‘ohm
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1.26F, 1.26 (260)
w35 Lot - —=" BDB(26T0) + — S 0340 ) TET00 NG 0H0 e,
X 0.00-124

B. Minimum available RMS asymmetrical short circuit current at ten:
Assuming only generator 1SCG in operation:
R=R,mu.«+Ru.,a=0.001140.0707=0.0718 ohm
X=X uct o+ Xa 1.=0.0088 +0.0025=0.0113 ohm

VR +X® =0.0725 ohm
E. _ (260)
VR X 0.8725

=3600 amps.

| ——

111, Selection of protective devices
A. Ship service and coolant pump generators Now. 1SG, 18CG, 106G, 285G, 250G and 206G

(1) Line-to-line voltage — 450 volta
Full load curremat of generator — 4010 ampa.
Maximum available fault current throush bresker = 56,300 ampa.
Use type ACB-4008H breaker with 4060 amp. coil

(2) Long time delay setting:
150 percent of full load current — 1.5(4010) = 6015 amps.
LTD setting = 6000 amps.
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(3) Short time delay scetling:

9620-4-¢

8O percent sustained short circuit current = 0.8(12,900) = 10,320 amps.

STD setting = 10,000 amps, time band No. 4
(4) Instantaneous trip setting: 80,000 amps. (maximum available)

B. Coolant pump breakers:

(1) Full load current 1220 amps,
Maximum available fault current =91,100 amps.
Use type ACB-1600H breakers with 1200 amp. coil

(2) Long time delay sctting:
150 percent full load current = 1.5(1220) = 18,300 amps.
LTD setting — 1800 amps. (Not set to protect coolant pump)

(22) Short time delay : not required

(1) Instantancous setting:
Twice locked-rotor current = 2(5800) = 11,600 amps.
Instantaneous setting = 12,000 amps.

C. Bus tie breakers Nos. 2, 4, 9, and 13:

(1) L.. at switchboard = 86,040 amps.
Resultant current = 3200 amps.
Use type ACB-3200H breaker with 3200 amp. coil.

(2) Long time delay setting:
150 percent resultant current = 1.5(3200) = 4800 amps.
80 percent generator LTD = 0.8(6000) = 4800 amps.
LTD setting = 4800 amps.

(1) Short time delay sotting:
80 percent generator STD=0.8(10,000) = 8000 amps.
STD setting = 8000 amps., time band No. 3

(4) Instantaneous setting: 80,000 amps. (maximum available)

D. Shore connection circuit breaker No. 3 and 5:

(1) Capacity = 1600 amps.
I... = 86,000 amps.
Use type ACB-1600H breaker with 1600 amp. .coil

(2) Long time delay setting:
150 percent rating = 1.5(1600) — 2400 ampe.
LTD setting - 2100 amps.
(3) Short time delay setting:
Generator STD - 710,000 amps., time band 4
STD setting 8000 ampa,, time band 3 (Maximum available)

(4) Instantaneous trip setting = 80,000 amps. (Maximum available)

E. Circuit breaker No. 6

(1) Maximum available fault current = 74,000 amps.
Resultant current = 1300 amps.
Use type ACB-1600H breaker with 1400 amp. coil

(2) Long time delay setting:
80 percent of LTD of bus tie breaker = 0.8(4800) — 3840 amps.
150 pereent resultant current = 1.5(1300) = 1950 amps.
LTD settjng = 2100 amps.
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(3) Short time delay setting:
80 percent of STD of bus tie breaker = 0.8(8000) = 6400 ampa.
120 percent highest AQB instantaneous = 1.2(3900) = 4680 ampa.
STD setting = 4800 amps., time band No. 2

(4) Instantaneous setting: 80,000 amps. (maximum available)

F. Circuit breaker No. 7

(1) Maximum available fault current = 72,000 amps.
Full load current = 26 amps.
Use type AQB-LF100 breaker with 50D coil

(2) Instantaneous setting:
80 percent of minimum current = 0.8(3110) =— 2488 ampa.
Instantaneocus setting = 600-700 amps.
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) 2
(us) (ue)
et 50'T 100 ~1
L [2
© v = @
N70' (517200 L <o lro'(srrzoo-—
oo 4
200' (51)T200
3 190 T200 6 8
| ISF | | SSF | | 6SF 1 | 2sF |
Es:] ‘ 10 E: 12 13}—-——
100’ TI00 210 T8O ]
—295' (5)T200 )
ABT
LN
@ - 8' (3)TI50
[_sFs2 |
AN A GENERATOR
@ VYV ]
RECTIFIER 37 v b TERM| TURBO IG & 2G | MOTORING 8 2MG
NO.3 AN
450-120/208V 4 v [4%0 voLTs 450 VOLTS
8" (2)T300 1§75 —=| I, |964 AMPERES (41 AMPERES
| sF s4 | KW (600 KW 100 KW
@ B ro |0.00272 OMMS 0.0489 OHMS
Xy |0.0329 oHMS 0.370 OHMS
30 KVA Ig | 3100 OHMS 508 AMPERES
RECEPTACLE t | 400 CYCLES 400 CYCLES
NOTE:

(3)6SGA-200 CABLES MAY BE SUBSTITUTED FOR GENERATOR, BUS TIE AND

FEEDER CABLE INSTEAD OF (5)TSGA-200 CABLES. ALTHOUGH CALCUL ATIONS
WERE BASED ON (5)TSGA-200 CABLES, THE DIFFERENCE IN THE RESULTS USING
(3)6SGA-200 CABLE WOULD BE NEGLIGIBLE.

SHIP SERVICE 400-CYCLE POWER SYSTEM

EX

AMPLE 4

Example 4
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EXAMPLE 4
{mpedances from Switchboard 1SF to Locatione 13 and 17
450-Voit Basr
| mrm— — ’ |
Section | Dimtancs Cable Ohrmn por 1060 foet Section (M T Cromatntives Osewe:

I (Feet) | Size R X R X | -n X

] T T enT
M-12.. ... I +:1 5T200 0.015 0.034 0.0044 00100 ' 00844 ' 06100
12-18. ... 25 T60 0.220 0.180 ! 0 | 00845 . 0.005 ' 00115
12-14 8 STIS6 | 0030 | 0057 ' 06002 | ©.0005 | 00046 ' 0 0105
1415 . L i\ Transf. | ... ... I SRR ST . e087 | e.a728 00822 . 0 on2y
15-16 (). .. . i 18 2T300 0 145 0.3756 | 0.0026 , 00067 | © 0448 0 08Y6
16-17 (). . ..., 5 7 2F50 0.810 0.422 0.04Z7 | 0.029% | 00875 0 1192
11-51. .. ...._.....! 100 T100 0.140 0.179 0.0140 | 0.0179 ; 040140 0 0170
Gen. 1G (X"0) oo b e ] 00027 & 00329 ' 00027 . 9 03y
1G-11 ... . 70 . 5T200 0.015 0.034 |, 0.8010 { 0.602¢ |, 9.0037 0 9333
IMG(X "), l .- - ; D48 | 0 570 0.04#9 0 570
IMG | 50 | Ti00 0.1 0.170 0 0070 | 0 004 0 BA5 0 GTY
351 i 190 T200 0075 " 170 @ 014 0 2 R SRR
Gen, 2G (N7 0 , ! 0 0027 [ = s ) o ot o Biy
2612 . 70 ’ 5'T00 0 015 0 034 0 oene 0 g2 LK F W
121 ' 200 | 5T200 0.015 0034 | '0.0030 00064 0 0067 i » w121

L. B I R — !

450 !

M Z 55=Zp0e( 708
I. Calculation of fault currents

A. Maximum available short circuit current at switchboard No. ISF (Lecation Eleven):

Motor contribution is considered negligible since pewer is used for siweraft servicing smd
electronics.

Average of the maximum asymmetrical RMS currents of the three phases at 1/2<cycle:
Assuming generators 1G and 2G in paraliel:

1 1 1
rweaitel - - A X1 ) yhm.
X U1 B3r:®8 B 82 ohm
0.0353 | 0.0421
1.25E, 1.25(260) .
— = =186, .
! X 0.0192 %60 amps

B. Minimum available RMS asymmetrical short circuit current

At seventeen, assuming only generator No. IMG in operation:
R=0.0702+0.0140+0.0875=0.1717 ohm
X=0.902+0.0170+0:1192=-1.0382 ochms

E, (260)

_ _(260) _
VR4 X:T v.0172:+1.04:7 1.04

250 ampa. at 450 V.

L=

=217 (‘__:‘2) =540 ampn.
208

I1. Selection of Protective Devices.

A. Turbo-generator breakers No. 1G and 2G:

(1) Line-to-line voltage = 450 volts.
Full load current = 964 amps
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Maximum fault current = 16,900 amps
Use type ACB — 1600 breakers with 1000 amp coils

(2) Taong time delay setting:
150 percent — full load current = 1.5(964) == 1450 amps
LTD setting = 1600 amps

(3} Short time delay setting:
RO percent sustained short circuit current = 0.8(3100) = 2480 amps
NTD settingg 2100 ;unps, time band No. 3 ’

(D) Instantancous setting: 40,000 amps (maximum available)

. Bux tie breakers Nos. 4 and 7

(1) Full load current = 640 amps
Maximum fault current = 16,900 amps
Use type ACB-610 breaker with 640 amp coil

(2) Long time delay setting:
80 percent generator LTD = 0.8 (1600) = 1280 amps
ETD setting = 1280 amps.

(3) Short time delay setling:
80 percent generator STD = 0.8(2400) = 1920 amps
STD setting - 1600 amps, time band No. 2

(1) Instantaneous setting: 20,000 amps (maximum available)

. Feeder breaker No. 9:

(1) Maximum fault current = 16,900 amps
Full load current = 290 amps
80 percent bus tie LTD = 0.8(1280) = 1024 amps
Use type AQB-A4100 breaker with 300 amp coil

(2) Instantancous setting:
1200 percent coil rating = 12(300) = 3600 amps
LTD = 3725 amps

Circuit breaker No, Fourteen:

(1) Maximum fault current = 10,400 amps
Fll load current 20 ampn
Use type AQR A 100 brenker with 25 amp coil

(2) Instantancous setting: 300-350 amps

. Circuit Breaker No. Fifteen:

Voltage = 120/208 grounded wye

Full load current = 84 amps

Maximum fault current = 4800 amps

Minimum fault = 469 amps :

Use type AQB 100 or A101 breaker with 100 amp coil

. Motor-generator breaker No. 1

Line-to-line voltage = 450 volts
Full load current = 141 amps
Use type AQB-A250 breaker with 160G amp coil




ISF j

MOTOR GENERATOR
NO. | & NO. 2

vV |120 VWOLTS

I, |240.6 AMPERES

KW 140.0 KW

f |400 CYCLES

a |0.007 OHMS

Xy |0.079 oHms

1g [I050 AMPERES

20 ™
2-47-2 }—
30’ TO
= ®
4-1+3
s

SHIP SERVICE 400-CYCLE SYSTEM

EXAMPLE 3

Example 5
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EXAMPLE §
Impedances from Switchboard 1SF to Location (4)
120-Volt Base
- . - 3 ‘ | .
Section ’ Distance I Cable Ohms per 1000 feet Section Ohms l Cumulative Ohma
; (Feet) Size R X X ! X
i J D ’ T— - . A ——— L —_—
i !
1o I 1m0 ! aTise | 0045 | 0.085 | o oos 00128 | 0 oo6x 0 0123
4 20 | Trig 0.88 | 020 0.0176 | 00040 | 0 0244 0 0168
3 wo | T9 14 | o2 018 | 0.0312 I 02064 0.0480
(u'ﬂ l l | I ’
IMG (X",) ! ' 0.007 0 0790 0 0070 0.079%0
IMG | 40 ‘ T250 0068 | 0.16 0.0027 0.006¢ ' 0 0097 0 0854
Gen | !
2ZMG (X"y) O A e 0.007 0.079 00070 - 0.0790
2MG-1. . 40 T250 0.068 1 0.16 0.0027 0.0064 0.0097 0 0854
|
Assuming generators IMG and 2MG in parallel:
o1 N 1 + 1 - 2
X parallel 0 0854 0.0854 0.085¢

X arailel --9;9292‘— =0.0427 ohm

I. Calculation of fault currents

A. Average of the maximum asymmetrical RMS currents of the three phases at 1 2 cycle at
switchboard 1SF (location 1):

Motor contribution is considered negligible since power is used for electronics.
_L20E, 1.25(69.3)

L= =2030 amps
X 0.0427

B. Minimum available RMS asymmetrical short circuit current.
At four assuming only generator 1MG in operation:
R = 0.0097 + 0.2064 = 0.2161 ohm
- X = 0.0854 + 0.0480 = 0.1334 ohm

I N E‘ _ (693) —9254 amps
o = \/m - vni‘sm—m B .

1L Selection of Protective Devices

A. Motor-generator breakers Nos. IMG and 2MG:
Line-to-line voltage = 120 volts
Full load current = 240.6 amps
Maximum fault current = 2030 amps
Use type AQB-A250 circuit breaker with 250G coil

B. Circuit breaker No. 3
Full load current = 15 amps
Use type ALB-10 breaker with 20 amp coil.
A type ALB-5 breaker is not used since the maximum instantaneous trip of 800 amps is
the same value as the type ALB-1 breaker and false non-tripping may occur.
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C. Circuit breaker No. 5
Full load current = 2 am

Use type ALB-1 breaker with handles yoked together.
Use 5 amp coil

I min = 275 amps '
Instantaneous setting = not adjustable





