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First Digit
Second Digit
Multiplier
Tolerance
;_l o Emel h*\l 2
— % —
pr— / —_—
7=
1st | 2nd - Tolerance
Color Digit | Digit Multiplier (percent)
Resistors for military use may
Black 0 0 |1 have a fifth band to indicate
Brown 1 1 |10 reliability in terms of failure
g?:nge § § :DEP[IU rate as follows:
Yellow | 4 | 4 [10,000
G 5 5 100,000
B{::" 6 6 1,000,000 No Color: No Test Made
Violet 7 > 10,000,000 Brown: 1.0 Percent Per 1000 Hours
Gray 8 8 100.000.000 Red: 0.1 Percent Per 1000 Hours
Whi 9 9 |1.000.000.00 Orange: 0.01 Percent Per 1000 Hours
ite . : ,000
Gold K 5 Yellow: 0.001 Percent Per 1000 Hours
Silver .01 10
No Color 20

Resistance Material

~ / (Carbon Composition)

First Digit = 2

Second Digit = 0 RS Metal Leads
Multiplier = 5th power of 10 :

Tolerance = 10%
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One Line Distribution Diagram
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SSDG #1 SSDG #2 SSDG #3
2000 kW 2000 kw 2000 kW
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3 Ph, 60 Hz 3 Ph.qgﬂ Hz 3 Ph, 60 Hz
! . Main Smta:hhoard ) 480 VAC, 3 Ph 5)1 ED Hz Bus Em Maln Smtchboard g 111
:H.-I £l Kl J L.!.M}Aj }A I 4,15.:,5]&} el L a}gﬁ 3 nfm-l 1T ,!aLEA}AJAjA u T 1-l :|
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| To 480 VAC Power Panels | To 480 VAC Tn 480 VAC iner Fanels
: and Group Control Centers Load and Group Control Centers
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I Jr= 2
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Ships Service Bus ‘ |$wutchhnard:z '“j" 60 Hz Bus =
: PS50 5045 ] :LI ' "{J,J"}*.:‘i‘n.5}&.1’-"}’*’14:4‘}*:‘1‘15}*1
z B
Jo 120 VAC To 480 VAC |
Power and Emergency i
Lighting Panels Power Panels |
|_Emtﬂ.-rg:ﬂ.-m:y' 24VDC Emergency 12[] VAC, 3 Ph,
‘ Switchboard E!us |_ Switchboard 60 Hz Bus
| TTIITITIIIIT T %‘E‘l@é !.&Ié.éla!.lééllI!.j.élé.]é}l,}lé.é
S 1111111 R 111 11
"l T ——
To 24 VDC To Emergency To 120 VAC
Instrumentation, Lighting Panels Power and Interior

Control and Alarm
Panels

Communications
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|" ’ ' " Weathertight
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-
0 (0 0) weathertight
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Running Light l (
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Inverting
Input

Non-Inverting

+*Vee
0

[ T

l

Differential
Amplifier

Voltage
Amplifier

Output
Amplifier

| I

Output

Input O
Ve
741
8-pin DIL
(Dual in Line)
Offset Null 1 . 8 Mot Connected

Inverting Input 2
Non-Inverting Input 3

Vo4

(Viewed from above)

T +V
6 Output

5 Offset Null
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Engine Order Telegraph System
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— Instrursent lvad mickings

r \

~
\_

Current Failure Transfer Relay Transfer Relay
Alarm Panel _ {2pDT) ~ {2PDT)
P .

Ship's Power
| r— 115 WAC B0 Hz

Motes: To reverse direction of rotation
of any Indlcating synchromator,
reverse s rotor beads R and A3

Momentarily energizing coil A of

& transfer refay lechcs conlacks 1-8
To Port aad ﬁii.'p“"ém. and conlacts 36
SHE
Systam _ Gcilml RDBI‘I_‘I_EE'T Lo Beli mma&mmnr-ﬂmg ¢|q|| B .;:Ir3
== To Battery or [ Burrent Indicator-Typs M 1! i e e p i
L Emerg. Swh. Avalitbly | And 0.5 chaad.

Tranafer relay coll A 15 the main coll
Transfer relay coll B s the release coll

Constant Ringing and

Trouble Alarm

Relay Panel
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R2

] 53

Transmitter:Ty.




/Tarminals to circuits Fire Locating
0

g e LT Switches
.. Manual —— Wiring Junction
b Station oint
1 —LH
. ‘- Ground Locating Switches = : :’ Firﬁiﬁﬂ.;arm
s i 1 11 Ground Cabinet — e M
Closed 1._|__|: Detector Bell T —
Q"_ﬂ =~ Circuit t+—| Relay '“_E_I""_"E a
I | Thermostat e . - | =
- B Fire Ind. --—8—{-—F o
< Test o e / . - I A (40}
Station Battery ~4
Relay F. S
L R1 14
Bk = = 1B J 3
Main . Buzzer | ) B P .} Engine | L_._Ir o
SF;IEF:PW B | - ET |6 =] RB.::Im AT} Aux. Bells 0
ay | H A L] Bt Relay
* A I:ouble__L. T Relay . et g.
e amp C E* ‘ e 'E
ep— [T 1., C | & >
ol ) L= o )
E! ¢ A 14 _ o
N ) 2 Am | | 3
: j’? g S ' R
A:t mpf £ J ] Amp 4 <
ST e &
Notes: g g $ Ato. Bells CrewBell @
. . 3 1 Ship's Voltage 25V | 3
Pos. Neg.  Dotted portion of Relays shown in normal ' pgg. Neg. ' Eng. Room Bell ! : Vo
) diagram is outside  supervisory position. i - 126V | S ~
Main of cabinet. =l - ? 4 R
Power Relays marked * are in - ¢ 130
Supply Numbers identify  operated position. Backup Battery
wire coloring. Power Supply

Main panel terminal.

v11L0-113
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Two-speed single-winding
(constant torque)

Speed L, L, L, Tietogether

Low T, Te T3 ...............

N L LT LE

Two-speed single-winding
{variabletorque)

Speed L, L, L, Tietogether

Low T T T3

Bigh T,T,T,7T T T,

Two-speed single-winding
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Speed L, L, L, Tietogether

v LY LY T

High T, T, "I_"5
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screw
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Zero Transmitter Zero
input
TX TR motion
S1
Receiver
S 1 output
rRil Tr2 ril 1r2 N motion
| correspondence
Correctly connected Correctly connected system causes receiver
to be in correspondence with the transmitter
™ TR X TR
S1 S1 S1 S1
S2 S2
A 53 O 53K 83 C
R1| |R2 R1| |R2 R1| |R2 R1] |R2
| | _
S1 and S3 leads reversed Stator leads shifted by 1 group
TX TR X TR
51 S1 S1 S1

2 S D
\
B 3 S3
R1 R1||R2 R1[|R2
A |
R1 and R2 leads reversed Stator leads shifted by 2 groups
Transmitter Receiver Zero

Zero jnput output
motion  motion

2

Out of
correspondence

Incorrect connections:
properly zeroed,
but torque direction reversed
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Zero Transmitter Zero
input
TX TR motion
S1
1 Receiver
S output
rRil Tr2 ril 1r2 " motion
| correspondence
Correctly connected Correctly connected system causes receiver
to be in correspondence with the transmitter
™ TR X TR
S1 S1 S1 S1
S2 S2
A 53 O 53K 83 C
R1| |R2 R1| |R2 R1| |R2 R1] |R2
| | _
S1 and S3 leads reversed Stator leads shifted by 1 group
TX TR X TR
51 S1 S1 S1

2 S D
\
B 3 ~<s3
R1 R1[7|R2 R1[|R2
A |
R1 and R2 leads reversed Stator leads shifted by 2 groups
Zero Transmitter
input
motion
Out of
correspondence 2
Receiver
Incorrect connections: output Zero
180 degrees out of zero, but motion

torque direction correct
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Generator Motor
Field Field
M
Induction
Drive Motor l
c -
DC Static Armature Field
Power Control Control
Supply
O
Rated ___ Constant Torque
Torque | | Max. Field :
; Current .
' i
; : o@o
; | %
E : %f*"x,;
: : °
: ) %,
| ; % '
0.5 Rated __L ______________________ : -
Honges A i 'Armature
B i Control
Rated ,__i_ _________________ -\199-& Constant Power —E
Power | . i Max. Armature :
: ' Voltage ;
¢dﬁ | E
[y J | :
Minimum Base Maximum

Speed Speed Speed
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A B
Ilpuckll
]Iu thfl"iﬁtﬂl’
AO—P OK K construction
for large
currents
G
5 Inc _average
A current
Vac Coutral : [\ '
Ci?::‘u'i‘:s 3 delay angle (1
Value E
C D
L
® ® O ._f’Y’YY'\_,_O__
+ : Inc
NN N~ NTO
L1 ® |
L2 o - DC
—_— Load
L3 Vbc |
|
® ® @,
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L1

e —

L2

Controller
Rectifier

A s 2N

L3

AC Power

Supply Z'g Z'g

s

DC Link

Six-Pulse

¥

Inverter

Y

T1 .\

T2/

.

VA

Y Y

.

Controlled Current Source

—

Frequency Controller

L

T3\ /

AC Synchronous Motor
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o o Ll1toT1
A Original wiring L2 to T2
L3to T3

L1 - ‘{;

From 3-phase |2

11
' T2
power source s ')::' @
L3 ~ o A

T¢andT2  3tols
B interchanged E‘; Eg %
& BNy s T1
From 3-phase |, ) ﬂ
power source s o
L3
TN /‘ T3
T4, T2andTy HRD
- - interchanged |, [3¢{0 T2 »
AV, Q’;/t
From 3-phase L2 ' ﬁ
power source "~ s j:'
£ g T3
TiandT3 013
D L1 Interchanged , 3¢, T1 -
N .:/.
From 3-phase |, l%j T2
power source N\ 'f:' r

L3 __~_ P A
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L1 ° .
L2 # =
L3 * - -

Bridg Bridge "A

»—

133

K
.}

K]+

i

Bridge "B"

S

AC Synchronous Motor

Bridge "A" conducting

V{ Resultant synthesized ' “ W
waveform (approximate) /4 \ / o\

Bridge "B" conducting
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Controlled ) Controlled AC Propulsion
Rectifier Bridge DC Link Inverter Bridge Motor
Reactor e R e e =
. - SAR ! . . [
D,* &* | SRt sc;nisc:i |
I I
3-Phase L1—+———% I . *
AC Power L2-» : : » 1T
Suppl + ®
y R . Silicon : SCR4| SCRe| SCR2 !
Controlled | :
" Rectifiers | |
. . - : : |
- Lo o o o o e - o s |
3-Phase
AC Power
Supply
L1 L2 L3
Controlled DC Link Controlled
Rectifier Bridge Reactor Inverter Bridge
U0 SR | N Ie— | #%ﬂ oi oi AC Propulsion
| : Motor
I I
' ;
[ [
[ [
[
| Delta/Delta :
| Transformer | T-O f »f »rf
= ~ Y i &
DC Link
Reactor
Delta/Wye
Transformer o—* o-*

“Controlled
Inverter Bridge

Controlled
Rectifier Bridge
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D.C. Link g fe
Reactor Coil = S
AC-DC-AC. Windings
Transformer I— Conyerter Starboard
Reactor Coil i Propulsion Motor
1 1 i (Synchronous)
e Propulsion —__A.C.-D.C-AC !
Transformer Synchro- =] .
Pulse Rotating
Converter Firing Field
""""" ' Circuit | T
[y Excitation _ Field _/@
PH ' Transformer  Controller Rh_‘
@ P Propulsion Reeul:tu ! otating
- ! * s e " X ' Transformer
=— P.h:mr * i * !
; agement z Rotating
g_ System andge { ECR ILM.‘I.! : Toatlindtes
o Control Stations L Excitation Field ,f =
— % Transformer = Controller™
__________ Pulse
¥ Firing &U
Propulsion AC-D.C-A.C. _E‘,“'m_"_t_ Figld
=~ Transformer = g’fm“i'“’:
ID 1 ! Port
.C. Link . Propulsion Motor
Propulsion Reactor Coil AC-DC-ALC. (Synchronous)
= Transformer Synchro-
Converter Separate
b.c. Link Stator
Reactor Coil Windings
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A DC Current From Inverter AC Propulsion Fixed
Source Converter Bridge Motor (Synchronous) Propeller

Power Flow i - A Di ;}L

Direction  Sequence of Gate
Pulses For
Ahead Rotation

..
— O-T bT R TAhead

Operation

Power Flow 1 ; :’-[ 15

Direction  Sequence of Gate
Pulses For
Astern Rotation

117 "‘

Regenerating
Operation

—-————
Power Flow o.; 1 1
Direction  Sequence of Gate

Operation

Pulses For
Astern Rotation

Where R = Direction of Actual Rotation
T = Direction of Applied Torque
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4160 VAC, 60 Hz ' 4160 VAC, 60 Hz
V., . Main Switchboard V4 | Main Switchboard | Main Switchboard

| Excitation

igﬁ i e

4160/430 VAC Syncro-
Power Auxiliary
430 VAC .
M \eraliA))
d =L \/
v Port Propulsion Motor :
______________________________________________ s s
480 VAC, 60 Hz
480/ 120 VAC 480120 VAC
Transformer Transformer
120VAC, 60 Hz 480 VAC, 60 Hz

ECR Switchboard Emergency Switchboard
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Group Control Center No. 1

[V 8
<
¥y (M 52) ueld
N\ M
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~“N < - | "oN dwng
iy 1 9Z-VIXL 'vOvdE S T | @2mes 0 %anT
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-'Emera.-

_:_Gen._ J
From Main
Switchboard
A
4501120 VAC ? i
_Fmer%enc‘;r
ransformer
__|Ac/DC | |Acic 120240V & i |Ac/e
UPS CONV 3 Wire DC CONV
A
i N N N |
| om il —{ABT[7g—®—TE|ABT |
1 2 3 Emergency
Switchboard
45&1‘31'50 1IHJ3JEJI} 24vDC | 120/1/60 [ 120/3/60/DC | 120 VDC
Q?%;bbéb?bé??éh
Final 450 VAC Final 120 VAC Final 24VDC  Temporary 120 VAC Temporary Temporary 120 VDC
Emergency Loads Emergency Loads Emergency Loads mergency Emergency mergency
Vital Loads Lighting Loads Vital Loads
Legend:

UPS: Uninterruptible Power Supply (Including Battery)
A - 120 VAC to 24 VDC
B - 450 VAC to 120/240 VDC
ABT: Automatic Bus Transfer Switch
1 - Transfers Vital AC Loads to UPS (B) via DC/AC Converter (1)
2 - Transfers Temporary Emergency Lighting to UPS (B)
3 - Transfers Vital DC Loads to UPS (B)
CONV: Converters
| - 240 VDC to 120 VAC
Il - 450 VAC to 120 VAC
N - Normal & Final Emergency Power Source
TE - Temporary Emergency Power Source
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Front of Rear of
Switchboard Switchboard

Circuit Breaker
Cubicle D
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M 1 1 3 Phase AC
Starboard Propulsion Drive Unit 03W 020K Fied
- eversible Pitch
Synchrodrive Converter AC Propulsion Motor Propeller
] (Synchronous) 1-145 RPM
Network Machine ”~ Ty,
— Bridge : Bridge." —T—7 '
3 Phase AC E I 2l E I | I
Reactor '
3 kV, 60 Hz Coil r \ i |
— T Controlled —\AAAJS " Controlled T ]
Rectifier Inverter I
|
- . signal | !
1 e . | I
Current Control! T — g |
- ' requency Control |
Eules Sgna ! Pulse Signal b
--------------------------------------- - i
s s e ! Shaft
h ..... c@g‘nﬁ:ﬁf’ Position Signal
SPEEJ Regulator o Power
Input Magt. System
signal ;
i
]
]
[ ]
]
[ ]
Speed -
Input Power
h """ > antrid Lol Shaft Position
egulator : ————————————————————————————————————————— 1 Signal
________________________________________ ,
i i Frequency Control g !
Pl Sand |_____Pulse Signal .
. i H ) oy
v - Shaft Speedi |
signal | !
Network Machine P . |
— 1 Bridge [ fYYY\L_| Bridge o
3 Phase AC DC Link '
3 kV, 60 Hz Reactor i
le Coil —E}—— . —_—
Controlled | Controlled —'—i 7
Rectifier Inverter Nt
| 3 Phase AC Fixod
Synchrodrive Converter ﬂ-é kV, ﬂ-%ﬂl Hz Pitch
sl saiog Propeller

Port Propulsion Drive Unit A€ Synchronous) . 1-145 RPM
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Standard Overload Relays

General Instructions for Selection of Overload Relay Heater Elements:

1. Obtain full load current and service factor from motor nameplate of from motor manufacturer. Do
not estimate full-load motor current from horsepower tables.

2. Determine if 1, 2, or 3 overload relays are needed.

3. Select proper heater from appropriate table according to class, size, type of enclosure and number
of overload relays being used. Full load motor currents should be within the Min.-Max. ratings
shown for the number of overload relays being used.

4. The tables apply only to standard, open type or totally enclosed fan-cooled, continuous duty
motors (with a service factor of 1.15 and rated for 40 degrees C rise) in applications where motor
and starter are located in the same ambient temperature. For applications of other motors with a
service factor of 1, 50-55 degrees C rise, totally enclosed non-ventilated, explosion proof, or for
installations where ambient temperatures of motor and starter are different, refer to Chart “A” for
selection of overload heater units.

Chart A: Variations by Operating Conditions

Motor continuous
rating ° C rise

Ambient temperature same
at starter and motor

Ambient temperature higher
at starter than at motor

Ambient temperature lower at
starter than at motor

1.5 service factor

One size larger than specified

One size smaller than specified

ra EMERGY EFFICIENT

40° C rise As specified from tables for each 15° C difference for each 15° C difference
1.0 service factor | One size smaller than for One size smaller than for 1.15 | One size smaller than for 1.15
50-55° C rise 1.15 service factor as above | service factor as above service factor as above
Table 24: NEMA Size 6 for all Standard Enclosures
Three Overload Relays per Starter
Heater Maotor Current Heater Motor Current Heater Motor Current
Cat. No Min. Max. Cat. No Min. Max. Cat. No Min. Max.
G30T19 142 157 G30T24 230 252 G30T29 369 405
G30T20 158 171 G30T25 253 277 G30T30 406 459
G30T21 172 188 G30T26 278 306 G30T31 460 480
G30T22 189 207 G30T27 307 336
G30T23 208 229 G30T28 337 368

FRAME

TYPEIDESIGN

P44G520A-G1-XJ
VOLTS 460

DUTY MASTER

ﬁ MADE IN U.5.4,

DUTY

BLTERHATIVE RATIHG
L (1]

1.00

AMPS 163

ALTTURE
2000

1.00

3300

£l 488 F

SO0BCD3IX3I0X2E

SOECO3IXI0XNZE
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A Medium Voltage
Power Bus
L1
L2
L3
f.ﬁ Ground Bus
Programmable Motor
o S~ N Protector Module
Door
Interlock

o
-

Arbitrator
Module

/3
e =====Mechanical
ﬁ Interlock

T

X,

Squirrel Cage
Induction Motor

Remote Temperature

RTD
= Detector Module

To Other Arbitrators and

Overcurrent Relay

2 Bearing Their Respective
RTDs Programmable Programmable Motor
Monitor Module Protection Systems
B .
Contactor CT 1 T 1
|
1" [T g e
el e e e, E |
I OCR Input 1 =04
i Filter_| | | 2 WG S |
1 | I
: Current | | ‘i';l NN e.9.6 X FLC
i Setting I : v
i L T | ¥
i I ! \
i Rectifier [ | [ i 20 Second
| [ — r o Setti
: i : : = :20 J—"'w- — : ng
: sTit"-IB : .'E : o l.-.:-l.-‘.l...-.-.-'-"""'l--...
1 QS etting I g ! 10 Second
: sl 310 B U
i Test I : | ?‘H'""ﬂ-_____ ?
| . e
[ O_,, Detector | : 5 | ! i
1 T r
' - i ! 5 Becond
Trip/Alarm i | I
E Output +— Amplifier J L Elltlging |
i T |
e i 1 2 3 4 &6 (xFLC) I
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Code Letters for Locked-Rotor kVA-Nameplate Marking*

Letter kVA per Letter kVA per
Designation Horsepower Designation Horsepower

I 0-3.15 K 8.0-9.0

B 3.15-3.55 L 9.0-10.0

C 3.55-4.0 M 10.0-11.2

D 4.0-4.5 N 11.2-12.5

E 41:5'5-“ P 12-5'14-“

E gg-gg g 14.0-16.0

Py Y 15-“'13-“’

H 6.3-7.1 T 18.0-20.0

3 7.1-8.0 () 20.0-22.4

v 22.4 and up

*Locked kVA per horsepower range includes the lower figure up to, but not including,
the higher figure. For example, 3.14 is designated by letter A and 3.15 by letter B.

To determine kVA per HP, use the following formula:

kVA/HP where:

kVA = (Rated volts x inrush current x 1.732 (square root of 3)/1000

HP = Nameplate HP

This is a better way to compare the inrush current of different manufacturer's motors
than % inrush current; the reason being that if a motor has a high full load current,

the % inrush will be lower than a motor with the same inrush curent but a lower full
load current.

|* WESTINGHOUSE *|

TYPE CSP CLASS 1

RAME 254 Locked kva cope H

H. P 5 STYLE 1442438
3 PHASE INDUCTION MOTOR |mvTeeyrys

50 CYCLE 50 CYCLE HIGHER TOLTAGE LOWER TR
220/440 | Yous W1 1518 1619 ™ 15T
13.8/69 | pire. o e L1l

1750 RPN n Ifl !l.'i nmni 319

55 - I LINE LINE

O 45571-8 WESTINGHOUSE ELECTRIC CORPORATION MADE IN 0.5. A O
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Manual/Automatic
|~ Reset Selector

| +/-15% of Full Load
Amps Adjustment
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Catalog Number Selection Chart

Example Catalog Number
A N19 ANOA 5E 005

T

Device Type
A = Starter Standard
C = Contactor E=IEC
M = NEMA
Device Assembly
Configurations OLR Type

70 = Multi-speed
1 = Non-reversing
5 = Reversing

6 = Starter wiC
9 = Starter wiC440 electronic overload

5 = Contactor only-no overload relay
bi-metalic OLR

Contactor Frame Size”*

Suffix

HEMA
Size

Continuous
Amperes

Wowgomom

—SEHnmEZE2onomeE

wwmmhwu-ﬂ:g

k]

18
Fi)
45
a0
135
P
540
210
1215

MOTES:

* For contactor only orders, add B to end of catalog number if NEMA size 00-2, 6.

= NEMA sizes 00 and 0 only.

*** HEMA sizes 00 and 0 only. Sizes 1-8 are 24/80 anly.

w= NEMA sizes 4 and 5 require the use of CTa with 1 - 54 OL relay. Size 4 starters are not shipped as assembled units.
Order CH16MNO1 contactor 1 - 54 OL (C44081A0055A0X or C440424 0055AX) with 60 - 300A CTs (ZEB-XCT300).

—

IHEHA Enclosures
| N = Open

For Starters

=

C440 FLA Range

Starter

Huurrling Options

0 = Horizontal
V = Vertical

For Contactors Only

2 = Two-pole
3 =Three-pole
4 = Four-pole
6 = Five pole

{FVNR and FVR only)
MEMA Size 00
1PE = 0.33 - 1.654A
C440 OLR Designation 005 =1 - 5A
(FVNR and FVR only) 020 =4 - 20A
5E = Standard feature sat NEMA Size 0
SEL Reset, SEL Class (104, 10, 20, 30)| | 1PE = 0.33 - 1,654
5G = Ground fault feature set 005 =1 - 5A
SEL Reset, SEL Class (10, 20) 020 = 4 - 204
NEMA Size 1
1P& = 0.33 - 1.65A
005=1-5A
020 =4 -20A
045 = 9 - 457
I NEMA Size 2
005 =1 - 54
AC Coil Suffix 020 = 4 - 20A
Suffix| Coil Volts and Hertz 045 =9 - 45A
A= | 120060 or 110/50 SR Saew 2
B= 240/80 or 220/50 100 = 20 - 1004 ****
C= | 48060 or 440150 NEMA Size 4
D= | BOO/GO or 550/50 - —
E= | 20800 300 = 60 - 300A
H= 2TTIE0 MEMA Size § =
J= | 208-240060 300 = 60 - 3004 ****
K= 240050
L= 380-415/50
N= 550/50
T= 24160, 24150 ***
U= 2450
V= 3250
W= 4B/80
Y= 4B/50
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Digitized Echo Sounding System

!_Fc-:war!i'ransc;iver i ) i _ ] - i ) _! r(‘.‘u?ml_! !_ -Display_ _!

Comparator _Q-T -
i | LCD
1

i L i p 1 Start Depth 1
D-A || Record
_,l"m'p(:onv. m .
! 1 [Osc |, ! '
Range End
" Starting Trig. . 1
T T
SiL-1 3L
Pitet o Lo
1 [

! .——I e ey Range 1 1 I End Depth
""" S Seabed Depth

Control IC's
5.54MH
' O = a3 L. '
Gain LI | :I%I{El 1
WT - Start .
E; Power |_[ Dri Pulse | . . | Drait
|_fn Amp. Ve el Mod. [={Length| TX Trig. .
3
SIL sig.

.
I_ 800 kHz ™ = I

- — i — —l [ Pen

s Mains I' ooy Homing [ Eam
sﬂgﬂ&—lljn{“mmv;g:ﬁm[jnﬂ-nwmr -Eiﬁv - - - -_i 1 —Fﬁ‘;ﬂi:'%i-_i

Transducer
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Range Setting : : MUTE
; . = ALARM
Gain Setting : '
Display Mede
i 47.5 s
Explanation of Depth POWER
(Below Transducer, or ~SELOW TRANSDUCER
Below Surface)
Screen . Control Panel
Depth Unit
Eche Seunder Range vs. Pulse Length vs. PRF Sea Bed Consistency and Attenuation
Depth Pulse Length PRF _ ,
{Meters) (ms) {Pulses Per Minute) Consistency Aftenuation (dB)
G, 10and 20 0.26 TEO Soft mud 16
40 0.28 78 Mud | sand ]
100 1.00 160 Sand | mud 6
200 2.00 6 Sand 3
400 and 800 360 42 Stone | rock 1
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H:.ldgnr angle Cor;@:-
n degrees nain
with vespeot vudder anggle Effect of Overshoot on Control System Stability
to midships  translator
position voltage (Vp)

20 10 Port relay on a
18 g |Portrelay off . B
16 8 Rudder command voltage Vc g B
. Starboard relay off i p
7 :
Starboard relay on M 1 : /
12 6 : . | 1
: ! =
10 ° "f i | ! Dead-band
B8 4 W - i
q ﬁoo | ! : !
6 3 1 5¢ Q‘? : i i :
“ | . ;
4 2 obep ! -
% y I ! | |
u D Q J 'E' T L] L] I T T T !' T T T T T T

T : T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 1
Time in seconds
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ﬂda Fl'!i"h'& Digitﬂl : . " Paralbel Data
Steering Control System S - . N,
Functional Block Diagram t and Data Lines
L s
1|Bul‘1'ar|
24V ta i Ehmnﬁﬂiﬂlr Order Signal
TV DC Output Interfaces
Heading __ 3P " Step Gyro —* ta Rudder Serve Amplifier
Data Input Interface Channel B
v Central " """ Rate of tumn Signal Output
rocessin -
Unit — RS2 i 10
pestng | Dhocre v e
Ig romm—
R ;-::g Converter [
Lime-fc-line T f 3
24 HFU Status
Programmable Inpuls Alarm Data
Conirel Mode Input
Power On Sense Input > Battery J
Speed Log Imput *
Opto-coupler P
Ships Power ACIDC 4VDC DC/DC 15 |
115230 VAC——*} Converter Converter ﬁg :
Sriﬁi Power Fault Relays 4
NOC | e Off Course Alarm Contacts
# System Alarm Contacts
Adaptive Digital Steering System Interface Signals
Inputs
Speed log input
Pulsed 200 pulse nautical mile (PPNMI) format (contact closure)
Serial RS-232 (channel A or C) or RS-422 (channel B) communications in NMEA 0183 format, SVEBW, SVHW

MNavigator (vessel management
system) input

Serial data for heading order, rate order, and cross track error information in RS-232 or RS-422
communication on channel A, B or C, in NMEA format SAPB, SHSC, SHTR, SHTC or $XTE

Compass Pasitive or negative step data (24 or 70 V)
Step data 1X, 90X or 360X
Syncro

Data $HOT (on channels A, B or C)
Serial data

Made switch sense contact

External switched opened or closed to inform autopilot to change from Standby mode to an
automatic mode

NFU sense contacts
Power failure circuits

External contacts to indicate when the NFU Controller is active
Closed contacts on external power switch to activate power failure alarm

Outputs

Interface to external rudder
Servo control amplifiers

Bipolar analogue voltage proportional to the rudder order. £ 11.25 V (maximum limit) equal to
+ 45° or rudder

Rate of turn interface

Bipolar analogue voltage proportional to a turn rate indicator, £ 4.5V (Max) equal to & 80° turn/min.
Resolution equal to 0.5%/min,
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Lubber
lire

©_

Gyro or magnetic
Heading emror Power Rudder error
repesiing compass amplifier amplifier amplifier

\ || \\ E::Im r
/ Error 1//_ i?:'.'I:Irr‘l':‘:l?tl

signal
+ W proportional
to off-course Mechanical
arror feedback linkage
Rudder position
Manual course feedback signal —ve +ve
setting control Rudder position
potentiometer translator
- potentiometer
Ll
(=} Rudder
positic —ad
-y indicator Rudder posikion
Y potentiomater
Fudd o B
feedback
Rudder
I'ﬂ{;r “RLA™
! ]
error
Rudder
lirmit
potentiometer
Rudder
Weather control
i potentiometer relay “RLB"
Parmanant
helm
potentiometer
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Digital Gyrocompass Functional Block Diagram

u
gy |

-~ PO Error

‘Wheel | ——a=
Whial §——

Heading Pata

hro
'I'li%ifﬂltlu

E o ibl
Lo SR

Correched
| Ssap Ch #1 (3
EEME
= et
o oap b 18 st
‘ 115w H-'I'—T
40 EF Emable & Start Capaciior
115230 VAL —e={ AL/DEC : :‘;:-::-: RS317 ADS Spird'll 3 ::‘-:;;JI-!::: m:ﬂ]
24 NDE — D&W [ +15L2 RS422 - adis RE422 Heading (Swilched)
—. . RS2 Headi
150,24 sl i - Speed Huading (Unswitched)
Digital Gyrocompass Communication Protocols
Inputs
Speed: Pulsed Automatic: 200 ppnm
Serial Automatic from digital sources, RS-232/422 in NMEA 0183 format $VBW, SVHW, VTG
Manual Manually via the control panel
Latitude Automatic from the GPS via RS-232/422 in NMEA format $GLL, $GGA
Automatic from digital sources via RS-232/422 in NMEA 0183 format $GLL
Manually via the control pansl
Outputs
Rate of Tum 50 mV per deg/min (£ 4.5 VDC full scale = £ 90*/min) NMEA 0183 format $HEROT, X.XXXX,
A*hh<CR=<LF=> 1 Hz, 4800 baud
Step Repeaters Eight 24 VDC step data outputs. (An additional 12-step data output at 35 VDC or 70 VOC from the optional transmission unit)
T = awitched, 1 — unswitched
Heading Data One RS-422, capable of driving up to 10 loads in NMEA 0182 format $HEHDT, XX XXX, T*hh<CR=<LF=
Two RS-232, each capable of driving one load in NMEA 0183 format $SHEHDT, XX(X=XXX, T*hh<CR><LF= 10 Hz, 4800 baud
1 — 232 switched, 1 — 232 unswitched, 1 — 422 switched
Alarm Outputs A relay and a battery-powered circuit activates a fault indicator and audible alarm during a power loss,
Compass alarm NO/NC contacts. Power alarm — NO/NC contacts
Course Recorder (If fitted) RS-232 to dot matrix printer
Synchro Output (If fitted) 20 V line-to-line with a 115 VAC 400 Hz reference, Can be switched or unswitched
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The MK 37 VT gyrocompa
\ is malfunctioning

Are fault codes present
on display unit?

Yes

See fault location chart
for suggested
Corrective action.

i Sperry MK 37 VT Digital Gyrocompass
Trouble Analysis Chart
No Check LED status indicator 1. Check associated wiring
- on DC/DC converter —|2. Replace DC/DC Converter
assembly in Assembly.
electronic Unit
?
ls LED status i Is problem solved?
indicator functioning
properly? No
Replace AC/DC power
Supply Assembly
Yes
Is problem solved?
No
R
Is LED status Indicator =—#~  Replace CPU assembly

on CPU assembly blinking?

Yes

Check ship's power
and associated wiring.

Partial List of Sperry MK 37 VT Digital Gyrocompass Faults

Symptom

Probable Cause

Remedy

Course recorder leaves a blank

page every 8-10 inches or has
paper feed problems

Printer paper-release lever not in the
middle, push-tractor position

Place level in the middle position for
push-tractor installation

Repeater does not follow MK 37
VT heading

Repeater channel may not be on or not
synchronized to the MK 37 VT Heading

Check repeater switch on step driver assembly.
Make sure repeater is synchronized to the
MK 37 VT gyrocompass

Speed value does not change

Speed selection may not be in Auto

Verify that speed menu selection is in Auto.
Check for faults on serial channel

Latitude value does not change

Latitude selection my not be in Auto

Verify that latitude menu selection is in Auto.
Check for faults on serial channel

Manual transfer (dual system)
does not occur

Other system may not be powered,
attached, or may have a critical fault.
Manual transfer must be initiated from the
primary compass only

Verify that other system is powered, attached,
and does not have a critical fault

Unit makes buzzing sound for at

If sound persists longer than 15 min, the

least 15 min after being switched on

AC/DC power supply assembly relay is bad

Replace AC/DC power supply assembly
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Shorted stator
winding
coil

From 120 VAC 60 Hz
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winding coil

Hacksaw blade with
teeth ground off or
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Table 3 Sample sheet of a typical “List of Motors and Controls”

Application Motor Control
IT FL NEMA Amb. Starter Cont SW
No. Auxiliary Qty Hp Volt Ph Amp Dsgn. Rpm Temp Encl Duty Mig Remarks Function UV LCT ENCL Opn Type LCT Remarks
51 Main eng 2 25 460 289 B 3535 50 DP Comt Vert X-Line LVR See DP Man - - Remote PB ST-SP,
piston ST-5P note ST-SP IND LTS,
eooling (1) SEL SW-Stby &
water pump Alm at MCC. PB
ST-SP at pump.
Hemote press
52 Main eng 2 150 460 173 B 118 50 DP Cont Vert X-Line LVR See Dp Man - - Remote PB ST-SP,
sea water ST-8p note ST-SP IND LTS,
cooling (1) SEL SW Sthy &
pump Alm at MCC. PB
ST-SP at pump.
gfvmntc press
5 Mn fuel oil 1 a0 460 38.7 B 885 5 DP Cont WVert X-Line LVP See DpP Man PB Cont  Remote PB ST-SP
transafer ST-5P note ST-SP Door at pump emer
pump (1) qu at fuel sta.
5. emer stop
I.t'l-.-f'n'e fighting
4 Mooring 4 T5 460 T96 B 3575 40 TE, Cont Vert X-Line LVP Remote DP Man - - Triplex controller
winch wT ST-SP remote PB ST-SP
(amidship) EXP at pump
PRF thermostats in
e MR S°
35 Mooring 2 460 3.1 B 1750 40 TE, Cont Hor X-Line LVP Remote DP Man - - iplex controller.
winch brake WT moaring
{amidship) EXP winch (amidship).
PRF Thermostats in
m'l.nr MTR 8P
56 Moorin 4 1 460 1.5 - 1725 40 EXP Cont P X-Line LVP Remote DP Man - - Tnﬁx controller.
winch fan FRF Moorin
(amidship) NV mgtlip].
"I'herl'ml.t-l.tl in

motor. MTR SP.
HTR.

¥020-13
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Relay and PLC Logic Compared
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