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EI-0024: The new lllustration associated with
this question has not yet been made available
to the public from the National Maritime Center
even though they are already using them in the
exam room. We hope to have them posted
soon.
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Insulation Resistance Test Record
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EI-0075: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.
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EI-0078: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.
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EI-0098: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.
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(1)First digit
(2) second digit
e Multiplier
(4)Tolerance

ist | 2nd - Tolerance
Color Digit | Digit | Multiplier (percent) Resistors for military use may

have a fifth band to indicate

Black 0 0 1 reliability in terms of failure

Brown 1 1 10 rate as follows:

Red 2 2 | 100

Orange 3 3 1,000

Yellow 4 4 10,000

Green 5 5 100,000 No color: No test made

Blue 6 E 1,000,000 Brown: 1.0 percent per 1000 hours

Violet 7 T 10,000,000 Red: 0.1 percent per 1000 hours

Gray 8 8 100,000,000 Orange: 0.01 percent per 1000 hours

"gcl:ll;u 8 9 1,000,000,000 Yellow: 0.001 percent per 1000 hours

Silver :1:,1 1 "E

No color 20

Color code bands

Resistance material
(carbon composition)

Insulation coating

First digit= 2 —*

Second digit=0 ] ] Metal leads
Multiplier = 5th power of 10 ‘

Tolerance = 10%
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—
= \ Balanced
T 3-phase
- : load
ol

kvar (reactive power)



One Line Distribution Diagram
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To 480 "JAC Ernlerglamt:',t
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| amplifier amplifier amplifier
I I
+
Non-inverting
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A
741
8-pin DIL

offset null 1
inverting input 2
| non-inverting input 3

v 4

{Dual in Line)

(viewed from above)

C

Output
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T+V
6 output

5 offset null



EI-0112: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.
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Engine Order Telegraph System
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/Tarminals to circuits Fire Locating
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s i 1 11 Ground Cabinet — e M
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TS5 T2 2
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Low T1T2T3
T5 High T6 T4T5 T1T2T3
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Low Voltage
Connections

& ©
2 (3
L "k L3

Dual Voltage Wye Connected Motor
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Connections

P

Low Voltage
Connections

Q @ ©
® B
@ G
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Dual Voltage Delta Connected Motor
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se A Phasz_?z)
o WYE

£
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460 VAC

3 Ph 60 Hz M oL 3h Ph
synchronous
L1 { | Y T1 4 motor
L2 - | U i
L3 » 1l —13 E2
F1 1
460/115 | ..
VAC 60 Hz |.NV\_|
Start
SEOP “Sop CR OSR OL
= O LK LE
CR M
H M
o o
! SN
+ =
4 «—————— DC supply —_—
FC
FC
! —
FC oan Reactor
S b A BB A T—
Il:urrent
imiting — et
resistor r@—ll
| PFR |
| o |
I L
M PFR ;_‘iﬁ

CR: control relay
PFR: polarized frequency relay
OSR: out-of-step relay

FC: field contactor
M: main contactor



EL-0136
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switch CT
“h.. — -
L1 h 3 AL
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Disconnect
switch
CT
L1 T O Ay
CT
4160 VAC e
3 Ph 60 Hz L2— ! —t =
limiting fuses
L3—— "——o"r3

-
4160/120 H OLs

VAC XFMR -2

Medium voltage
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-
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Electrically closed
Mechanical

y latched
Mechanically tripped
switch I
T
L1 h— | q T1
E ?—
M To
4160 VAC o o
3 Ph 60 Hz L2 1." T1 fiD—T2 feeder
i  Current ] bus
i1 limiting fuses I'M
L3 — a—13
U d Feeder
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4160/120 L..J contactor

Isolation switch

handle interlock 1,ISHI
Low voltage l
door interlock T T
LVDI
Close
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M
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']

iCR

: \'.;:»—u—u—@-

k4
L



EL-0139

Disconnect
switch cT
L1 I""-—I E, ]‘ - i
I
4160 VAC |5 ____ | .-EI-».
3 Ph 60 Hz 1 Current u_._l [_
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-
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Variable Speed Drive

: Q-
o ’. :
5 J. D I :%C Link
o : cC
440 VAC : y
3-Ph 60 HZ , | [Bridge
. | Rectifier @ s
L, ©
DC PWM
Voltage —LIGBT | | voltage
Input Output
PWM
Inverter ;
Bridge )
Phase Width Modulation principle

—{<NGBT

Controlled
Inverter
Bridge

Variable Frequency
3-Ph 0.5 to 120 Hz

averaged low frequency

©

(only one phase shown)

averaged high
frequency
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Main

Main
Auxiliary Propulsion Propulsion
Diesel Diesel Diesel
Generator Gas Turbine Generator Generator
Generator M/E M/E
#2 Controlled #1
Rectifier
[ +
) @ ) AP MGenerator [“~“Generator
s Field Field
DC_
@ +Gen. %
G2 G2 G1 G1
DC
| s2 Motor S1
A2 A Field
Rheosta
Motor Field
- -
Motor Field ald i
Rheoitat [ Non-controlled
L4 1 DC Rectifier
rd 1 Motor
AZ Al
ropulsion

] >

Ship's
Propeller

Armature Loop



EL-0142

Speed Regulating

Governor
Prop MAX
Main Exciter GF1 Generator I s
M-G Set Il Field :
11 Y = Hallﬂ : HALF
ropulsion
7 Main Turbo-generator sLow
M Exciter MANEUVER
= Field
Throttle

_”_ e — Lever
GF1
1__Regulator I_

Standby Exciter ':‘;|F|2
I

M-G Set O AHEAD
7 M Standby F| F FI |R ||1 AR

Exciter = ——1 STOP
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1 _f_

~—

ASTERM
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L

[Etandby Prop. GF2 L prop. Reversing
]1 Regu atnrp | MF MF Hntgr Lever
Field
s Main
Propulsion
Motor
Ship's
Service
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Adj. Current
Limit Setting
E (150-425 %
o | of full load
= I current)
3 i Fixed Ramp
J | Time
' | {approx.
S | 1/4 sec.) RufG
o l Current
= ' :
I| Start i Run
0 Time |
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p ra
5| Adj. Ramp | ted voltage
= Time |
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[ I
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] |
g [
= [
Start | Run
0 Time ]
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'
Q I
- 1
o 1
- Start | Run
0 Time BI
rldj;:_Ramp Adj. Current
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L0s (150-425 %
w| sec)/ of full load
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= : Breakaway
3 Current
e i
o 2 Run
8 | of full load
© current) | Current
|
. Start | Run
0 Time l

D



EL-0144

L1 L2 L3
O o O

Stator

Starting
Resistance

Starting
Resistance

Starting
B Resistance
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Three-phase power
supply to motor stator

——— I
. I
1
A Rotor » *
Chopper GTO
Dr?ve J{g R |vdc
——
Uni-directional = -
slip power > -
Three-phase
diode rgctiﬂer Ehapper
Three-phase power Three-phase power
supply to motor stator supply from mains
] 1
Frransfnrmed
B Rotor ol
i Mo i i e
Static + Ly e
Kramer
Drive = j;
Vdc
—
Uni-directional J

Lt

. ) ray
slip power qz ‘T

Three-phase
J;Eﬁe-rgrr:‘t?ﬁﬂ; , controlled inverter

Three-phase power Three-phase power
supply to motor stator supply from mains

¢ (@) i)

Static Three-phase | dual converters
Scherbius
Drive —

Bi-directional
slip power
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EL-0148: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.
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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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™ TR
S1

R1| |R2 R1| |R2

Correctly connected

Zero Transmitter Zero
input
motion
1 Receiver
output
motion
In
correspondence

Correctly connected system causes receiver

to be in correspondence with the transmitter

R1| |R2 R1] |Rr2
|

S1 and S3 leads reversed

X TR
S1 S1

R1

-
R1 and R2 leads reversed

TX TR
S1 S1
S2
s S3 C
R1[R2 R1|R2

I
Stator leads shifted by 1 group

TX TR
S1 S1
2 5 S D
3 S3
R1||R2 R1TR2

|
Stator leads shifted by 2 groups

Transmitter Receiver

Zero

motion

Out of
correspondence

output
motion

2

Zero

Incorrect connections:
240 degrees out of zero, but
torque direction correct



EL-0152

™ TR
S1

R1| |r2 R1| |R2
I

Correctly connected

Zero Transmitter Zero
input
motion
1 Receiver
output
motion
In
correspondence

Correctly connected system causes receiver

to be in correspondence with the transmitter

R1| |R2 R1] |Rr2
|

S1 and S3 leads reversed

TX TR
S1 S1
S2
s S3 C
R1[R2 R1|R2

I
Stator leads shifted by 1 group

X TR X R
S1 S1 S1 S1
2 S D
N
B 3 S3
R1 R1|7|R2 R1[|R2
A |
R1 and R2 leads reversed Stator leads shifted by 2 groups
Transmitter
Zero input
motion

2

Out of
correspondence Zero
Incorrect connections: .
120 degrees out of zero, but Receiver
torque direction correct output

motion
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Generator Motor
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Drive Motor l
c -
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Power Control Control
Supply
O
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Torque | | Max. Field :
; Current .
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; : 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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/77

Rectifir i
DC Link
A /N /s S; VAV
L1 .
L2 ® @
L3 ®
AC Power
Supply 7 7K ZE Y VY
L O—e &

Controlled current source

Frequency controller

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 > o &
L2 & & i
L3—» - &
Bridge "A" Bridge "A" Bridge "A"
® [~

o 1o
S+
i i e i i O
PR R R

TTH

:

R i S e 1
Bridge "B" <7 /\Bridge "B’ " .Brir.lge “B"T

N

AC Synchronous Motor
Bridge "A" conducting

V Resultant synthesized \|
waveform (approximate) 'd \ /)

Bridge "B" conducting
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Test proving
unit

High voltage probe

Ground clip

A

High voltage
T motor
= _ terminal

High voltage
motor
terminal TN
motor

ground clamps - terminal

Individual
Common ground straps

Common ground
connection

Common ground strap
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Controlled ) Controlled AC Propulsion
Rectifier Bridge DC Link
— e e e N _g_1 Reactor I_Injlftt_er_gtldge_‘ Motor
Phase L . .+ | . - - |
AC Power | c-* o—i i [« ScA1] SCR3I Sﬂ:ji |
Supply f '
Eo I TR | ' i .-
L2 ! | =
L3+= TJ o | I sci:*scm SCA2 : =
JPlEN i)
I I !I_______”____J
Silicon Controlled Rectifiers
3 Phase A
AC Power
Supply
L1L2L3
Controlled DC Controlled
Rectifier Link Inverter
Bridge Reactor Bridge
= _* R L_* AC Propulsion
: . Motor
Delta/delta F f *" ti O‘* O‘T "
Transformer Yy 3o®
% :F DC ,T X ¥ f
Link
}.o Reactor
Delta/wye
Transfurr“er fﬂ f-: U*
Controlled Controlled
Rec;ifier Inverter
Bridge Bridge
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6.6 kV 60 Hz Main Switchboard

I r
| Propulsion]- - --J----- B ,—-F----}F----Propulsion
1 xfmrs:{Z} : N— fmrs (2))
Excitation Excitation A
_3_ afmr xfmr, [ & _E
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" 1 i i o
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] I 1
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filter reactor cail
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[
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transformer l;:lrnverl‘.er [
Y Y ' 5 Port,
DC link 1 ropulsion /l\
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DC Current Inverter AC Propulsion Motor
from Source Bridge (synchronous) Fixed Pitch
Converter — Propeller

Power Flow

Direction o} oﬂ J

Sequence of gate ;
C:> pulses for A

ahead rntatmn% % # R T
- ; ? Ahead

Operation

P Fl T
ity T XY L
,(__:"4:] Sequence of gate B

pulses for

astern rutatinnb% # # R

-

Regenerating
Operation

Power Flow D‘* } }
Direction = i
Sequence of gate
::> pulses for C
astern rotation % oJT
" : ; Astern
Operation

Where R = Direction of actual rotation
T = Direction of applied torque
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Port Main
Generators
4160 VAC %
VAC 60 Hz ==

Stbd. Main
Generators
4160 VAC

= 41 4160 VAC 60 Hz 4160 VAC 60 Hz
Mai 5w-t-:hbuard Main Switchboard \Main Switchboard
Stdb
| j I Pro I Excit. iEme ] ‘I Excit. i Prop. I I I
w XFI'-'I s XEMR XEM XFMR XFMRs ‘l
i T
Harmonic Figld Fi Id Harmonic
Filter Contfoller stdby, Cont Filter m
Fiel r-
£ &3 £ .
troller o
% ! - -
4160/ 4160
4160 / (=)
432:;{: % Sy m:h:tr.} Auxiliary 480 Viﬂ % 4;!'3 VAC B
A convert= Generator Powe ower
XFMR ers 480 VAC XFHRr XFMR

480 VAC 60 Hz >
ECR Switchboard)|

Port Propulsion Motor

480 V 60 Hz

\

480/
120 VAC
Lighting

XFMR

]

Stbd. Propulsion Motor

~ 480 VAC 60 Hz
| ECR Switehboard

P )_ECR Swichboard s
3 T i_IL
480/ Emergency
120 VAC Generator
Lighting 480 VAC
FMR
] ] ] )

120 VAC 60 Hz
ECR Switchboard

480 VAC 60 Hz

Emergency Switchboard
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Emergency
Generator
From
Main
Switchboard
450/120 VAC ciDG
Emergency 1< E”QB
Transformer
l_l [acioc DCIAC 10RaV AC/DC
s I ® 11
§_ uPs CONV % Wire DG CONY
A
| Lipmmin Ll N
) ‘ ABT == ABT TE & TE ABT
i}- ﬁ—:’ ;j 1 ] 3
| 450360 | [ 1200w | 24V0C | [ zoriee ) [z0r0ne | [T1zo voe |
Final 450 Final 120 Final 24 Temporary Temporary Tempora
VAC VAC vDC 120 VAC Emergency 120 "|.|"I:IE!‘r
Emergency Emergency Emergency Emergency Lighting Emergency
Loads Loads Loads Vital Loads Loads Vital Loads
Legand:

UPS: Uninterruptible Power Supply (Including Battery)
A -120VAC to 24 VDC

B - 450 VAC to 120/240 VDC

ABT: Automatic Bus Transfer Switch
1 - Transfers Vital AC Loads to UPS (B) via DCIAC Converter (I)
2 - Transfers Temporary Emergency Lighting to UPS (B)
3 - Transfers Vital DC Loads to UPS (B

CONV: Converters
I -240VDC to 120 VAC

II - 450 VAC to 120VDC
M - Normal & Final Emergency Power Source

TE - Temporary Emergency Power Source

Emargancy
Switchboard
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Front of Rear of
Switchboard Switchboard

Circuit Breaker
Cubicle D
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3Ph AC
0-3 kV
; : ; 0-29Hz
Stbd. Propulsion Drive Unit Reversible

Synchrodrive Converter AC Propulsion Motor
(synchronous)
ey
—— 1 |__Bridge Bridge
; Fixed
gﬂ_ DC Link _E}_,,|, :
3 Ph AC Reactor Pitch

Propeller
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~— || Controlled Controlled X %;.:.5
Rectifier Inverter o
Y ry i
Current Control ;  Frequency Shaft'
L ! T o - haft | |
Pulce Shonak - Control Pulse Signal____ speed Signal. !
C> Computer  |e------------o . aosans 'éh?f;l
Byl Control asiton 319
ed| «-- Power
Iﬁ; t| Regulator Mgt. System
Signa 1
i
1
1
1
]
i
1
1
1
]
Speed ;
Input Power
; Computer
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‘b_g_ -4 Control B8t systa Shaft Position
Begulsior: |Mxssrsr s ) Sioual
- . Frequency Control Shaft Speed | |
Current Control e e e e = = i
b’ : Pulse Signal Signal. .
Pulse Signal, H g =
Network Machine i 1
Bridge LYYy __| Bridge .
3PhAC DC Link o .
3 kV, 60Hz r~J Reactor P‘LHF | Fixed
m Coil Pitch
Propeller
~—— | Controlled Controlled I:IIE1F 4'.;;.5
Rectifier AC Propulsion Motor

Synchrodrive Converter (synchronous)
. . . 3Ph AC
Port Propulsion Drive Unit 0-3 kV
0-29Hz

Reversible



low speed

L1
tT1

AN
T AALS
L

L4

L

NoALLALS

P
Gy

o S i =,
JOIROIRO

TH1 T2 Ti3
(D (D
) & o s e TEL“ii

i 12 13
low speed

high speed

L1
L'r11
{

L Mo
WA AT T

N

WAAS
ALALSY

Yl kel En
V) ),
™
5 S 5
Ly _.-'T1 i &

L1 L2 L3
high speed

11 L2 L3
== :I:LS - T
Q] R OL-S R
é T3 T11
T2 T12
T1i T13
High

6910-13



L1
L2
L3

EL-0170

[ T T7
1 X~ T3
1 e or— T2
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T4 Ti4
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1; 3 Ti3
i >0 Tiz |Speed|L1|L2| L3 Open Tie Together
I ’:'('_; T11 |Low TL | T2 | T3,T7 | All others
11} IOL
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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 or 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
I;:ing usag. Full load motor currents should be within the Min.-Max. ratings shown for the number of overload relays

ing 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 stater 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 | Ambient temperature Ambient temperature higher Ambient temperature lower
rating 9C rise same at starter and motor at starter than at motor at starter than at motor

1.15 service factor One size larger than specified | One size smaller than specified
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 One size smaller than for
50-55°C rise 1.15 service factor as above 1.15 service factor as above 1.15 service factor as above

Table 24: NEMA Size 6
For all Standard Enclosures
Three Overload Relays per Starter

Heater Motor Current
Motor Nameplate Cat. No. Min Max
G30T19 142 157
( FRAME ITYPE BESIGH\\ G30T20 158 171
< 445T B B
NT. NO. PaaGs20A-Gi1-XJ G30T21 172 188
150 VOLTS 460
DUTY MASTER 1785 |[AMPS 163 G30T22 189 207
AT MDTOR ) 40 % CONT
- N BO Clou IT!HTI RA TG G30T23 208 229
' g 1. A TR (30
T T e e e G30T24 230 252
ENCL TEIFC: S0 1.00 3300
PHASE 3 [CODE G ==, F e
EXAT Wt 90BC03X30X36 & G30T25 253
reLiance B 208C03X30X26 i G30T26 278 30s
\‘\{ ) G30T27 307 336
ARELIANCE ELECTRIC COMPANY /CLEVELAND, OHIO 44117
= ' G30T28 337 368
G30T29 369 405
G30T30 406 458
G30T31 460 480
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ELO174: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO175: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.
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Manual/Automatic

Reset Selector

+/- 15% of Full Load
Amps Adjustment

Test Button

Reset Button
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Catalog Number Selection Chart

A N
T

Example Catalog Number

9 AN O ASE005

b i e

Device Type
A = Starter Standard
C = Contactor EiEC
N = NEMA
I
Device Assembly OLR Typa
Configurations
5 = Contactor anly-no everload relay
70 = Multi-speed 6 = Starter w/C306 bi-metallic OLR
1 = Non-reversing 9 = Starter w/C440 electronic overload
5 = Reversing
[
Contactor Frame Size * HEMA Enclosure
cuffix| NEMA | Continuous N = Open
Slze 5
: 5 :{' ? 8 For Starters [_
- Starte
D=1 27 Mounting Clrptinn
G=|2 45
K=|3 90 0 = Horizontal
N= 4 135 V = Vertical
=5 270 For Cantactors only
1=16 540 2 = Two-pole
=17 810 3 = Three-pole
y=|8 1215 4 = Four-pole
5 =Five-pale
Motes:

C440 OLR Deskgnation C440 FLA Rangs
(FVNR and anly) (FVNR and FVR only}
5E = Standard feature set NEMA Size 00
SEL Reset, SEL Class (10A,10,20,30) | | 1Pg=0.33.1.658
5G = Ground fault feature set 005 = 1-54
SEL Reset, SEL Class (10, 20) 020 = 4.204
NEMA Size 0
AC Coil Suffi
= . 1P6 = 0.33-1.654
Suffix Colil Volts and Hertz 005 = 1-58
A = 120/60 or 110/50 020 = 4204
B = 240/60 or 220/50 MEMA Size 1
C = 480760 or 440/50
D = 600/60 or 550/50 Eg:‘:ﬂ‘-“*
E = 20050 020 = 4204
" SAH 045 = 5.454
J = 208-240/60 **
K = 240050 MEMA Size 2
L = 380-415/50 005 = 1-54
N = BSOSO 020 = 4204
T = 24/60, 24/50 ** 045 = 9-454
u = 24150 NEMA Size 3
v o 100 = 20-100A =
w = 4RIE0
¥ = 48550 MEMA Size 4 **
300 = so-3004 *~
MEMA Size 5**
300 = so0-3004

* For contactor only orders, add B fo end of calalog number if NEMA size 00-2, 6.
** MEMA sizes 00 and 0 only.

“* NEMA sizes 00 and 0 only. Sizes 18 are 2460 on
“** NEMA sizes 4 and 5 require the use of CTs with 1

Iy,
-;A OL relay. Size 4 starters are not ship

Ordar CN15NNOD1 contactor 1-54 OL (C440A1ADDSSAX or C440AZAD0SSAX) with 60-300A CTs (ZEB-XCT300),

as assembled units.

0810-13
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ELO185: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO186: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO187: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO188: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO189: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



EL0O190: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO191: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



EL0192: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO193: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO194: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO195: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



EL0196: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.



ELO197: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.
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: [ Servo
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Control =
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Shorted stator
winding
coil

From 120 VAC 60 Hz
power source

Growler

Flux—"!

| Alternating flux
set up

encircling stator

\|1|'|[u

due }0 conductors due to
9;3;;:;?1’ shorted stator

winding coil

Hacksaw blade with
teeth ground off or

Stator winding leads thin strip of steel
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Voltmeter

< >— 120 or 240

£ VAC-60Hz
Circuit
breaker
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Uultmeter

—————————

= i Collector \ i G B
' rings
3 Brushes<// | g

—~ To rated DC
i voltage
or less

Circuit
breaker



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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steel bolts
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L1
o >
" L . O
Main (run) L2 | Main (run) 15 To
™
o o T8 ™ GO T8
O a7 O Lauxiia 0 4~ ©
o o/ (lstart) o o] ¢Auxiliary
o © /T T5 o o (start)
A Nl B T5
Centrifugal Start
switch or
starting relay capacitor Centrifugal
switch or
starting relay
L1
L,_',' -
]
Main (run) [14 12 MAIn{mm 73 L2
LYY Y T
™ 55
o a0 T8 o o Auxiliary
” o/ ¢ Auxiliary o o (start)
o O (start)
lb—l
TS
g t D o I LY
Run Start Run e
capacitor capacitor capacitor Centrifugal
switch or

starting relay
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L1 L1
O O
.MTZ o T ~mT2 a
Main 1z T3 O o, L2
— Y .
3 T4 Lo
o O ° O
O A o O & 0
o) o o o
o O o o
A Centrifugal B Centrifugal
switch or switch or
starting relay starting relay
%ﬁ _ Common LJ
White
o g High-speed
e L2
[s]
o
£l 2 o/ ¢
E Em Medium-speed
C Blue
edium-low speeg
g Orange Speed selector
T Brown Low-speed switch arm
: - Red
Run a
capacitor
Common L{;‘
White
High-speed
Black L2

Medium-high speed

E Yellow
Medium-speed &
E Blue

Medium-low spe 951
Orange Speed selector
qu.spggd switch arm

Red
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Start

No

expose the worker to
energized circuits
over 50 volts?

Yes

EL-0221

Work is
de-energized.
Proceed

Circuits of less than 50
volts to ground may
___generally be considered

Will additional
hazards (see list) be

introduced by
de-energizing?
Yes
No }
Yes
Would the
de-energization require

a major shutdown?

No

Does the
nature of the work
require energization?

(See examples) Yes

No

STOP!! The circuits

as de-energized. If the
circuit has high arcing
potential, answer question
#1 as "Yes"

Can the work
be rescheduled to a
later time when it can be
performed
de-energized?

Yes

STOP!!
Schedule the
N work for later.
(8]

Can the work
be performed safely
using safety-related

work procedures? Yes

No

Proceed with
caution!!

MUST be de-energized B

for this work!!!
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L1
Start Lz u Start L2
| Stop |,  PFR oL Stop  _1_ OL
— o7 —0 0
o e ==
M A PFR
[ (M | (M
L1 1T ,x,r L1 11 {x} 3 Fh
M
L3 |G, L3 | M-
Phase Phase
failure failure
relay relay
L1L2L3 N
L1 M oL L:TIF
L2 aM_oL  cr @
L3 ‘M . OL CT
— 0
{1 H z
SR 2 ¥ supply
CR 3 o
(P 5. ) ‘ % Phase
] g 6 ul || failure
relay
Control Phase M
relay failure B
relay L1 L2
-] -] J Stan
S, T, gy S EtD 1 oL
Shunt Relays shown in Relay is shown in
trip energized position de-energized position

coil C D
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Ground fault
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$ relay
Slﬂp Start oL
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Cost in dollars

Cost of

failure

EL-0224

Total cost

Cost of
maintenance

] | ]

T

Bianually Annually Semi-anually Quarterly

Frequency of maintenance

-
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Power Data
Supply Communications
Module Module
PID
Processor am&tnlal
Module o odule
- Modules &+ 1
L w
DC DC AC AC Analog | Analog
Inputs | Qutputs | Inputs | Outputs| Inputs | Outputs | PV1 PV2
11
1]2 1|2 1|2 1l2] I 1 '
COD ORun 34 34 HD 3la] |2 2 Dj
A n OScan 5] 6 56 56 5|/6] I3 Out1 Out2
7] 8 7|8 7|8 718] la
O QFault
DC On

Programming
Unit
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11

PLC Ladder Diagram
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Input A
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Output YL

oW

PLC Input/output Diagram
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Equivalent Relay
Circuit Diagram

Relay and PLC Logic Compared

Input A Output Y
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| Input A
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Input B b
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PLC Ladder Diagram
PLC Input/output Diagram
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Generic Analog I/0 Modules
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Discrete PLC Input Modules
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{jﬁﬁ‘vB

B A Equivalent Relay
Circuit Diagram

Relay and PLC Logic Compared

A B Y
0 0 0
0 1 1
1 0 1
1 1 0
A
Truth Table
C

Input A Input B

Output Y

—/

Input A Input B

/]_

O

PLC Ladder Diagram

High D

Input A
nputA

oW

High

Input BL

ow

High

Output Yan

PLC Input/output Diagram
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Lamp 0
Simplified PLC SW-0
Application

PLC SW-1 Lamp 1

Processor %ﬁ

RAM

ouUT o
0 ouT 1
o ouT 2
0
(o}
o

ouT 3
OuT 4
QuUT 5
IN6 © OuUT 6
IN7 o ouT 7

Input Output
Module Module

DDDDOOO?

SW-0 SW-1 Lamp 0
3 ()
IN-0 IN-1 OuUT-0

SW-0 Lamp 1

] L { 3
1 1 L J
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A B Y ¥ O/E ,ﬁl\ )|
0 0 1 ~
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ﬁ
a Truth Table Yy IB
B Equivalent Relay
Circuit Diagram
Relay and PLC Logic Compared
C
Input A Output Y I tAHigh D
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\‘ High
InputBLm
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ELO242: The new lllustration associated with this
question has not yet been made available to the
public from the National Maritime Center even
though they are already using them in the exam
room. We hope to have them posted soon.
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In1 TON timer Out 1

/

Out 1

Timer

A PLC Ladder Diagram
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C PLC Ladder Diagram
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The variable

Set value PLC being controlled
in some process
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D: RA:0329
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Run Stop sensor sensor | |
I ]| I E M l:’ ( } - Closed Closed
Heater Heater Lower
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Upper
E— sensor On On
nd | | |
Heater
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RS-232 Synchronous DB-25 Male Pinout

Pin 1 Chassis Ground
Pin 2 Transmit Data

GND ' <
Pin 3 Receive Data
TxCLK I TxD ]
xD Pin 4 Request to Send
RxCLK In RTS Pin5 Clear to Send
LLBK CcTS Pin 6 Data Set Ready
DSR Pin 7 Signal Ground
A DTR GND Pin 8 Carrier Detect B
RLB DCD Pin 11 Receive Clock Out
Pin 15 Transmit Clock In
Pin 17 Receive Clock In
TXCLK Out SRt .
— Pin 18 Local Loopback
t
est Mode Pin 20 Data Terminal Ready
Pin 21 Remote Loopback
Pin 24 Transmit Clock Out
Pin 25 Test Mode
Start bit Parity bit Stop bit
\ > Data - ./‘/
Voltage V
sl 01101000 1 1 o lovel
C o .
Time
-12 I 1 level

RS-232 Signal Levels
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CTU
BOOL—{ CU Q —BOOL
Counter Inputs
BooL—R A and Outputs
(Standard IEC
Symbols)
INT— PV CVI—INT
CTD
BOOL—{CD Q —BOOL
soo.—{t0 B
INT—]PV CV[—INT
CTUD
BOOL Cu QuU—BOOL
BOOL—{CD QD—BOOL

soo—Rr C

BOOL: LD

INT PV CV—INT
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TON
BOOL—IN Q —BOOL
Timer Inputs
A and Outputs
(Standard IEC
Symbols)
TIME—PT ET—TIME
TOF
BOOL—IN Qr—BOOL
B
TIME—PT ET —TIME
TP
BOOL IN Q —BOOL
TIME PT ET—TIME
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Circulating
Pump Motor Hot Water Radiators [}
""" L= ﬁ = '\
|_ - | —— Hot water Space air
] -:':L 1 tank temperature
Boiler water =yt = oy L Sensor
temperature | Water 2 ==
P Boiler Nt \Hnt water tank
Circulating
‘ Pump Motor tw:ﬁenr:;:.'m
B } = = S
A PLC Controlled Heating System Piping
*24V Bailer
' PLC N G spaceair Clock water
L\ |  sensor timersensor Boiler
Step | P = 7
S Power ——— / - | —A-—‘ /" Boiler system
[ '_hﬂ.: o— | Tank Run Stnp
o
Clock timer Bojer s | sensor
Boiler water sensor Inputs —
Outputs:— / —@ i Circ. pum
Space jir sensor Circ'pp #1 iy motor #1°
— o
e VA . | 4{/ [ | Space airfradiator
Tank water sensor l::lrr.“ﬁ: w2 L heating system
| Tank water Circ. pump
B rLc controller wiring Diagram Boiler  sensor motor #2
'] | | Hot water
Closad | L | heating system
Space air ol
SENSOr . . i
" - Closed —_ —! END
ank waler ' |_’_|
SENSOr — -
Closed! | !
Boiler water r“'-‘—l c PLC Controlled Heating
sensor i T Ciosed System Ladder Diagram
Clock timer ,l T ' I
. Closed
Run [ : : R |
i i ﬂl‘l W
Boiler —d
i 'On " :
Circ. pump ] '
motor #1 - .
|
Circ, pump t—]
motor #2

PLC Controlled Heating
System Timing Diagram
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PLC Used as a 2-Point Controller

Oven
Heating 1
Element
I '...'._'.u
2 Temperature
Sensor
O || =L
o | geater
— ontactor
OFF
'ﬂl Oe
1e 1e
29 ¢ |22—  Hardware
N [ %lout
PLC Slot Slot Slot
1 2 3
Temperature <98 C
O:3/0
—|Compare A<B?| ¢
(1:2<98C?)
Temperature > 102 C
O:31
—————|Compare A>B?—— ki)
(1:2>102 C?)
On-off Sw Temperature <98 C
1:1/0 O:3/0
— | 1/ —
Temperature > 102 C | Heater
0:3M1 g"aég | O3
—

Ladder Diagram
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