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CIRCUIT ANALYSIS BASICS
Objectives

= Provide the minimum level of information needed to
understand the functionality of common circuits analyzed in
the remainder of the course

= FOocus on three common circuits

— Air operated valve / Solenoid operated pilot valve (AOV / SOV)
— Motor operated valve (MOV)
— Circuit Breaker (PCB — MVPCB & LVPCB)

* Present overviews of typical nuclear power plant electrical
power distribution system
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CIRCUIT ANALYSIS BASICS
Circuit Design Basics

= Concepts
— Typical circuit devices and symbols
— ANSI/IEEE standard device numbers
— Types of drawings and their purpose
— Equipment of Interest

— Operation of common equipment
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CIRCUIT ANALYSIS BASICS
Typical Circuit Devices

= Circuit breakers and fuses
= Motor starters and contactors
* Relays and contacts
= Terminal blocks
= Control power transformers (CPTs)
= Actuating coills
* Indicating lamps and alarms
= Switches
— Control/hand (maintained, momentary, spring-return to normal)
— Limit and torque
— Sensors
— Transfer and isolation
— Position
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CIRCUIT ANALYSIS BASICS
Typical Device Symbols — Refer to Handout

® & o o

TYPICAL ELECTRICAL DRAWING SYMBOLS AND CONVENTIONS

ELECTRICAL SYMBOLS

&> Denotes commen symbols we will encounter in the sample problems

—— R A e il bl tushbultan - Momeatary or spring returp.
: Clren N
SYMBOL. DESCI | P ON ¢ —oo— Single Cireoll (make
_L Relay contaet - Shown with reloy in de-energized or in
Xl X1 | reset position. (Show relay cotl deaignation near con= rusghbut ton - Homentary OT Spring Teturn.
I # tact.) 0 —olo— Stngle Clreuic (hreak)
B H.G.
Timing Kelay Contact - TDC indicates ecntact closes at
Ti Tl end of timing period. TDO comtact spens ac end of Elﬂ Pushbub ban - Momentary oF Spring Totutn.
T timing peciod, ac Two Ciecull
THU DO
Cnil - Relay, contactors, cirewit hresher, . X
01 solencid eto. —L. Pughbutton - Maintained, two cirewit
[5how device designation, X1 F=-—0, o
b=
toil - Timing Relay - popey indicaces Liming period ecarts
when coil 1a energized. TODOD indicaves timing -.4.- Pushbutton - Maintained, single circult
— period starts when coil ig de-energized. ﬁl'——‘_QJ O—
{TODO) L=
— f 0 | Latehing Relay or M.echnnicn]l.yl-l'ng‘:i Conlector Selactor wn position, maintained
3 R ; Owonierate; Receset;: MOiLrip. coitls ég Sulkeh . {designaie position showm; i.e. A-Aute;
1 CC=elosing eoil. 1 A W Tlandy
Ly --—F (Coils may be separated on diapram) ? f
__,,)( Knife Switch, gencral. (TF shown clg:eg. terminals 6 & Eeler.::ar Three p-c;:itic-n._:i};: 1ndi:7t:slazrlng
— must be added.) Switeh - return [tom positicn 8o labeled.
i C"TR1P={HCRMAL) ~GLOSE" position showm
77 sk
- Switch - General, single pole, single throw, ’ é)ﬁ Limit Switeh - :ﬁ:mlt: ::frin_'\rilll: ini;":‘ilt.':n:.crl‘n::{
olar Lo o & H leng
? Valwies,
“ Switch = One pole of multi-pole switch shown.
Ir Other poles shown elgovhera. ‘ \g Limte Switch = Hormally closed - jor applicable [or
Moetor Operated Valves and Solenoic valves.
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CIRCUIT ANALYSIS BASICS
IEEE Standard Devices Numbers — Refer to Handout

ANSV/IEEE Standard Device Numbers

1 —Mastar Elemeant

2 — Time delay Starting or Closing Relay

3 — Checking or Interlocking Relay

4 — Master Contactor

5 - Stopping

& — Starting Circuit Braaker

T — Rate of Changs Relay

& - Zondrol Powser Disconnecting Devics

2 — Reversing Device

10 — Unit Sequence Switch

11 = Mutti-function Device

12 — Owerspeed Devics

13 = Synchronous-speed Device

14 — Underspeed Device

15 — Speed - or Freguency, Maiching Device
18 — Diata Communications Devica

17 — Shunting or Discharge Switch

18 — Agcelerating or Decelerating Device

18 — Starting to Running Transition Contracior
20 - Electrically Operated Valve

21 - Distance Relay

22 - Equalizer Circuit Breaker

23 - Temperature Contral Device

24 =Vuolts per Hertz Relay

23 - Synchronizing or Synchronize-Check Device
28 - Apparatus Themal Device

27 - Undervoltage Relay

275 - OC under voltage Relay

228 —Flame detector

29 - Isolating Contactor or Switch

30 - Annunciator Ralay

31 - Separate Excitation

32 - Directional Power Relay or Reverse Powsr Relay
33 —Position Switch

34 — Master Seguence Device

35 — Bruzh-Operating or Slip-Ring Shon-Circuiting Dav
33 — Polarity or Polanzing Woltage Devices

37 = Undercurrent or Underpower Relay

33 — Bearing Protectve Device

28 —Mechanical Condition Monitor

40 - Field (owerlunder excitation) Relay

41 — Field Circuit Breaker

42 — Running Circuit Breaker

43 — Manual Transfar or Selector Device

44 — Unit Szquence Starting Relay

45 — DG over voltape Relay

43 - Reverse-phase or Phaze-Balance Gurrent Relay

47 — Phaze-Sequence or Phase-Balancs Voliage Relay

43 - Incomglete Sequence Relay

43 — Machine or Transformer, Thermal Relay - OLR

30 - Instantaneous Overcurrent Relay

306G - Instantaneous Earth Overcurrent Relay {Meufral CT Method)
50N - Instantanecus Earth Overcurrent Relay (Residual Method)
E0BF - Breaker failure:

31 - AC Inverse Time Overcurrent Relay

F1G - AC Inverse Time Earth Overcurrent Relay [Meutral CT Method)
TN - AC Inverse Time Earth Owercurrent Relay (Residual Method)
32 = AC Circuit Breaker

52a - AC Circuit Breaker Position {Contact Open when Breaker Open)
52b - AC Circuit Breaker Position (Contact Closed when Breaker Open)
53 — Exciter or DC Generator Relay

54 — Tuming Gear Engaging Device

55 — Powsr Factor Relay

£8 — Figld Application Relay

&7 — Bhort-Circuiting or Grounding Devics

58 — Rectification Failure Relay

59 — Overvoltage Ralay

&0 —Vuoltags or Cument Balance Relay.

1 — Density Switch or Sensor

82 - Time-Delay Stopping or Opening Relay

63 — Pressure Switch

4 — Ground Detactor Relay

E4R - Restricted earth fault

©45 - Stator earth fault

85 — Govemar

88 — Mofching or Jegging Device

87 — AC Dirsctional Owvercurrent Relay

B3 — Blocking Relay

Page 1
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CIRCUIT ANALYSIS BASICS
Types of Drawings and Their Purpose

= Single-line drawings

* Three-line drawings

* Elementary or schematic diagrams

» Block diagrams

= Cable raceway schedules

= Wiring or connection drawings

* Instrument loop diagrams

= Vendor shop drawings

» Equipment arrangement or location drawings
* Tray and conduit layout drawings

» Underground and duct-bank layout drawings

= Specialty drawings (electrical penetration, logic, load lists,
coordination diagrams, short circuit calculations)

* Piping and instrument diagrams

B Circuit Analysis
I Cable Routing
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CIRCUIT ANALYSIS BASICS
Drawing Types — Refer to Electrical Basic Drawing Index

Index - Elefctrical Basics Drawing Samples

Basics 1
Basics 2
Basics 3
Basics 4
Basics 5
Basics 6
Basics 7
Basics &
Basics 9
Basics 10
Basics 11
Basics 12
Basics 13
Basics 14
Basics 15
Basics 16
Basics 17
Basics 13

Basics 19

Owerall Plant 1-Line

7.2 kY Bus 1-Line

4.16 kW Bus 1-Line

500V 1-Line

450 MCC 1-Line

7.2 KV 3-Line Diagram

4.16 kY 3-Line Diagram

AN Elementary & Block Diagram
4.16 kW Pump Schematic

480V Pump Schematic

MOY Schematic (with Block included)
12-/208 YAC Panel Diagram

Valve Limit Switch Legend

ADY Schematic (with Block included)
Wiring {or Connection) Diagram
Wiring (or Connection) Diagram

Tray & Conduit Layout Drawing
Embedded Conduit Drawing

Instrument Loop Diagram
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CIRCUIT ANALYSIS BASICS
Equipment of Interest

= Cables and panel wiring

= Raceways

= Valves

* Transformers — big to small

* High, medium, and low voltage switchgear
* Protective relays

= Circuit breakers

= |[nstrumentation
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CIRCUIT ANALYSIS BASICS
Equipment of Interest — Cables & Raceways

» Cables and Panel Wiring = Raceway Types

— Single-conductor cable — Conduit
— Multi-conductor cable — Tray —ladder and solid
— Triplex cable - Wireways

— Pull boxes

— Size conventions and .
— Junction boxes

ampacity
: : — Terminal boxes
— Shielded, unshielded, &
armored — Duct-banks

— Embedded conduit

— Materials — conductor, _
insulation, & jacket — Air drops

EEEEEEEEEEEEE
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CIRCUIT ANALYSIS BASICS
Equipment of Interest — Valves

= Air Operated Valves (AOV)
— Pilot solenoid operated
— Bi-modal function

— Modulate function

= Solenoid Valves (SOV)
— AC & DC operated

ROTARY B=
SWITCHES

* Motor Operated Valve (MOV)
— Typical design

— Inverted design

11
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CIRCUIT ANALYSIS BASICS
Equipment of Interest — Transformers

» Power Transformers
— Main transformers
— Unit auxiliary transformers (UAT)
— Startup or reserve auxiliary transformer (SUT, RAT)
— Station service transformer (SST)

= Control Power Transformers (CPT)

= Instrument Transformers
— Potential transformer (PT)
— Current transformer (CT)
— Zero sequence current transformer

= Specialty Transformers




CIRCUIT ANALYSIS BASICS
Equipment of Interest — Switchgear & Relays
= Switchgear
— Medium Voltage
= 1,000 V — 15,000 V
= 13.8kV, 12.47 kV, 7.2 kV, 6.9 kV, 4.16 kV, 2.4 kV
— Low Voltage

= Up to 1,000 V
= 120V, 208V, 240V, 277 V, 480 V, 600 V

— Typically metal-clad, indoor, draw-out design

— Separate control power circuit and protective devices

» Protective Relays
— Overcurrent relays (50, 51, 50N, 51N, 50G)
— Differential relays (87, 87T, 87B)
— Undervoltage relays (27)
— Frequency relays (81)
— Reverse power relays (32, 67)

— Lockout relays (86)
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CIRCUIT ANALYSIS BASICS
Equipment of Interest — Circuit Breakers

= Medium Voltage Power Circuit Breakers
— Power Circuit Breakers (PCB)
= VVacuum Circuit Breakers (VCB)
= Air Circuit Breakers (ACB)
= Gas Circuit Breaker (GCB)
— 1,000V - 15 kV
= L ow Voltage Power Circuit Breakers (LVPCB)
— Below 1,000 V

— Same basic features as medium voltage power
breakers

— Internal or external trip devices
= Molded Case Circuit Breakers

— Internal trip devices

= Thermal and/or magnetic

— Generally manually operated

& USNRC EPR |,
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CIRCUIT ANALYSIS BASICS
Equipment of Interest — Motors

* AC, DC, 1-phase, 3-phase

= Synchronous vs. induction design
= Large motors controlled by circuit breaker i 3
= Smaller motors often controlled by a “motor starter”

= Continuous duty (pump) vs. intermittent
duty (MOV)

= MOVs and DC motors are most often
reversing design

» High temp is usually an alarm or time-delay trip

= |_ocked rotor current must be considered




CIRCUIT ANALYSIS BASICS
Equipment of Interest — Process Inst & Rx Protection

=" Process Instrumentation
— Temperature
— Level

— Flow
— Pressure

* Reactor Trip
— Trip signals
— Actuation circuitry

MISSIVE
si

= Engineered Safety Features Y
Actuation System
— Input signals ﬁ
— Actuation logic E
— Solid-state protection system (SSPS) {x LLLLLLLL
= Digital Control Systems (DCS)

EEEEEEEEEEEEE
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CIRCUIT ANALYSIS BASICS
Electrical Circuit Operation — Common Circuits

= Air Operated Valve (AOV)

— Main air valve
— Pilot solenoid valve

* Direct acting solenoid valve
= Motor Operated Valve (MOV)

= Power Circuit Breakers (PCB)

— Medium Voltage Power Circuit Breaker
— Low Voltage Power Circuit Breaker
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Solenoid Operated Valve (SOV)

= An SOV is an electromechanically operated device
— Valve is controlled by electric current

— Commonly used to control air operated valves
(AQOVs)

— When used for AOV, called a pilot valve




Air Operated Valve (AOV)
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Air Operated Valve (AOV)

STOP
AlR INLET *-——--ﬂ_____i
OPERATOR —— 3=
fomiy
]
SPRING DIAPHRAGM
INDICATOR
= -4~ SCALE
STEM —
- YOKE
INLET OUTLET
FLOW s — fLow
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Air Operated Valve (AOV)

High pressure

Low pressure

DIRECT-ACTING REVERSE-ACTING
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Where is the AOV in this picture?
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Direct Acting SOV

STATIONARY HOUSING
CORE ~—
— g3
SOLENOID - COoIL
ColL CONNECTIONS
e ——
CORE _——
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MOVABLE
CORE — - —_WALVE BODY
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A, Direct-Acting Solenoid Yalve
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SOV Elementary Diagram

8 | 7 | 8 5 | 4 | 3 2 | 1
gy MIGRO SWITGH = GMG = 810 = AEA = 53 = |, PTGG
"+ oos MCR Hand Switch 55570 2 POSITION MAINT AINED e
H 2 Hand Switch
1 — _ o oM 1258| [1zz5e Honbvisrionait
e [] Fu-simo | Termination Cabinet | Indication Lights kb it
XCP&109 3998 5458
o] 5 [ x B
A _CLOSE _ OPEN
TBA:56 O XPNT125
G 74 e
M- 58-8170
XCP&107 33a0 33be 33bc 33a0
3.~.13 " | B A a G g B I "
2 c SPARE SPARE SPARE SPARE
OPEN == SS-SIT0 555170 5) SS-s70 $5-5IT0
£T XCPE107 XCP&107 XCPe10T XCPB107
12 1
ki D F
Qs P R 555170
/ ., - U
- TBA-58 o XPNTI25 Tt = i e E = = XPNTIZ5 SPARE —
| TBA-53 TBA55 TBA-57 !
of- 1 I
b . 1o
3
o ! I $5-5/70 E
| TBA-53 TBA-55 TBA-ST |
5 8
B e e [ e -= SPARE
== 125 VDC —
Distribution ';'
Panel : - NOTES:
Contalnmer}l Penetration 0z 03- 04-
D - 1. R1=19500 - 20 WATTS, R2=160061 - 20 WATTS, D
f RESISTORS TO BE MOUNTED ON BLANK TERMII | Switch
2 FOR S5-5170 PLUG IN MODULE CONNECT Limit Swilct
] DIAGRAM SEE DWB, IMS+28-140.54 Development -
Cl 3%c Cusl. 33ho 3. FOR LIMIT SWITCH DEVELOPMENT SE
o VALVE o[ VALVE DW3. 8-208-002, SHEET 01
el iz LIMIT SWITCH DEVELCPVEN]
FOR AR DPERATED ALY
G AND DANPERS Cc
20 ENERGIZE IS m:'ln W
VALVE TQ/OPEN z AL
vl CLOSE O'ER -
- BETSB B S
ac i
__Y__j i —_
TBA-54 O XPNT125 CTUTED —
B T [OE¥ice B
FULSID R W =
Lo XCPEOM2 Solenoid & Limit Switches WOTE: 31 CONTACTS SHOWN FDR DEVICE FULL CLOSED
il 2 —
Trs Mormsl Povtin Fuard Panibon Fumctonsl Siee [INITIAL - Fse |
) NES ACV-8E798 OFEN Elec: CLOSED A CLOSED | OPEN - CLOSED
A Elementary Diagram s FECM MO [Ty nmw A
Oftah HOMER B E-1-1 o
EHUED ECME 1:1 i |s~ssr 10F 4
8 7 | [ 5 4 | 3 [ 2 I 1
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SOV Block Diagram

8 7 6 | 5 | 4 | 3 | 2 | 1
LEGEND:
A~ CIRCUIT NO.
RE-412 SIWT9X B — NO. COND. & WIRE SIZE H
1-4-12 1-8170 RE441 C-VOLTS
125VDC 2- [XRP33A-ES) D—-B/MITEM
EK-B1J :— l ELEC PEN E — CONDUIT SIZE —
1.06 g F = NATURE OF CIRCUIT
STRL PEN T25A]
MC-CONT : ' G - WIRE MARKS
Re-2 SIWT1X T T G
2-1-14
125VDC
(XVT8E7T9B-51) EK-J2A =) RB-441 —
R 1-8170 TERM. BOX f";_‘é?:';:}
SOL. VALVE FOR 4-5170 5127 {STRL PEN 725)
XVT88798 F
T T
f_':ff%" SIWT4X B
125WDC :'z‘!:,'\:réc 1-5170
4-5170 EK-B1J ;: e
. T
MC-CONT
RE-412
SIWT2X T
2-1-14 B-435 |
Ay SIWB1X
(XVT8BT9B-SI) T [XCP&109) (XPNT125-MC) 1812
MC-CONT 1-5170 125VDC
OPEN LIMIT SW FOR 4-5IT0 Subpanel 3 MCBE TERM PNL 2-8170 D
AVTEETIE -1
4-
T T |
(XCPE107)
MCB cC
RE-412 T —
2-1-14
1Ef( J 28
[XVTEETIB-51) p B
MC-CONT 15170 BLOCK DIAGRAM
CLOSE LIMIT 5W FOR 4-3170
XVTS8798 —
T T Trda Mo Postics Fallad Pomision Fincions St | WATRAL - FIRGAL |
Ppp— CPEN Elec: CLOSED Ak CLOSED | CPEN - CLOSED
Bkld\ I:ia-yam o FECWND DRV W HEY A
— HORER B E-1-2 a
BEED SCALE LA | |91:L' 20F 4
] [ 7 | ] [ 5 | 4 | 3 | z | 1
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Lets Walk Through
SOV Operation
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Motor Operated Valve

= A Motor Operated Valve (MOV) is a valve with an actuator
driven by an electric motor

= MOVs typically serve an “On-Off” or “Open-Close” purpose
= MOVs are not typically used for throttling

= Valve types can include
— Gate

— Ball

— Butterfly

ROTARY
SWITCHES

e I




MOV Actuator

GEAR BOX

OPERATING
SHAFT

CONTROL AND
SWITCHING
BOX

HANDWHEEL
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MOV Actuator
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MOV Elementary Diagram

3-Phase Power Circuit |

Control Power /—| 120 V Control Circuit |
S L | 8 ¥

MOV Limit |—,
Switch ]
Development | 1.

Transformer

) 7 W ; il

i~
e~
'_

suoen | e |
BT : W SR
Ve Zﬁﬂa@ ekl ¥y :
£ 7 T
: N i (il Hand Switch | |
1= §s Development

MOTES

|
e
% T
o
1
"
S
-
(13
e
T
| S

f;'"lﬂ

[ ""“"" i
It = S S p—
. | 7 _
:f! o ) e 8 8 53 u" : o
¥ T Block Diagram |

i T 430

| it Adapter / Arrangement Table Basics 8 :
—_—t
e MOV Elementary Diagram
= I Contact Development Style #1 !
30
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Lets Walk Through
MOV Operation
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Power Circuilt Breakers

= Medium Voltage Power Circuit Breakers
— Power Circuit Breakers (PCB)
= Main contacts
= Arc chutes
= Connection stabs
= Operating coils and springs
— Separate 125 VDC control power
— Separate close and trip coils
— Fails “as-is” on loss of control power
— No overcurrent protection w/o control power
— Separate trip devices — protective relays

EEEEEEEEEEEEE
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PCB Elementary Diagram

Close Circuit

Trip Circuit

3-Phase Power Circuit |

/— Indication
1 1 2 1 3 1 T (== I S e I T | | 1 ] 1z
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— L i m LE-' Z 'm LL_.:I | I DOLT PEON U LAY
S e i ?!: i | B & j : —— HOTES.
| b & ; 7 semE Pams  LEVEL ey i -
] 1 I ;_AH e _11 lT.j 1 e kg
memwre | sownt rom BREAKER
F Ef_E; f - . H —';-"E—:";; ﬁ ;ﬁ | TR 1. EEER :t ‘:.;ﬂ;;:;:; v pamg | B
o L 2 i-' T 2 lﬁ.‘ = 4 CMBETELY SNEGIA SOUERCER SEE
o e = T T -eiTEs.
e e | R = rho e
) 1] - | i i T 3 mew s
= B ! ey L = -
J g. :I E 13 | B Lo s s s & BLOTER
&" S SRR =f] N S . e i 3 sy i T [ % o v mae. 2
k] CCIEE & [ =l | [ + oo
s A I . =
L il § CONTACT CLOMS TO ALMRM
b i| St A Contact TR N
I : Development  _BEEREME CRANNGS
! B-ZOTEO I~ SINGLE LIMNE ELEL ALK
! SVETEM (EMERG- sty [Loaw) [T
: ‘ 5 3 L 3 B-E0TO05- BINGLE LINME PROTECTION
i -, 1 E“H‘-:Eltlbﬁs-ilﬁw SWITCH
: r - = = ‘l ‘ii 3 B-1306~ SINBLE LInE FROTEEToN [~
! - P L T bl i, s daiad FETER (RS 41507 SwiTes
i L — ‘ = AR BUE 5
| L el ST o A1TTEIR - ELEC SENERAL DETALS
: = Sl " 2 --|= & TS E
[l e . [P, 'y B-ESHO - LoiC B Gy — SHERT T2
BT . e —
1% [FAs | AusGoresy]
: ®F ;
bl :
o el
&)
evelopment ma] Lzseam ] casp i
. : 0o
=
- W -
» | DFO% ™ ]
. b Lol bIABRAM H
Adapter / Arrangement | _ 4
Table | Block Diagram |
I £ 2 T 3 T 4 T 5 T 3 T 7 T E T 9 T i T N T H T [E]
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Lets Walk Through
PCB Operation
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CIRCUIT ANALYSIS BASICS

Any Questions?

./'r"
|
’f
y
s

*  gPUSNRC ErRI | Lo,



	Module II – Circuit Analysis�Circuit Analysis Basics
	CIRCUIT ANALYSIS BASICS�Objectives
	CIRCUIT ANALYSIS BASICS�Circuit Design Basics
	CIRCUIT ANALYSIS BASICS�Typical Circuit Devices
	CIRCUIT ANALYSIS BASICS�Typical Device Symbols – Refer to Handout
	CIRCUIT ANALYSIS BASICS�IEEE Standard Devices Numbers – Refer to Handout
	CIRCUIT ANALYSIS BASICS�Types of Drawings and Their Purpose
	CIRCUIT ANALYSIS BASICS�Drawing Types – Refer to Electrical Basic Drawing Index
	CIRCUIT ANALYSIS BASICS�Equipment of Interest
	CIRCUIT ANALYSIS BASICS�Equipment of Interest – Cables & Raceways
	CIRCUIT ANALYSIS BASICS�Equipment of Interest – Valves
	CIRCUIT ANALYSIS BASICS�Equipment of Interest – Transformers
	CIRCUIT ANALYSIS BASICS�Equipment of Interest – Switchgear & Relays
	CIRCUIT ANALYSIS BASICS�Equipment of Interest – Circuit Breakers
	CIRCUIT ANALYSIS BASICS�Equipment of Interest – Motors
	CIRCUIT ANALYSIS BASICS�Equipment of Interest – Process Inst & Rx Protection
	CIRCUIT ANALYSIS BASICS�Electrical Circuit Operation – Common Circuits
	Solenoid Operated Valve (SOV)
	Air Operated Valve (AOV)
	Air Operated Valve (AOV)
	Air Operated Valve (AOV)
	Where is the AOV in this picture?
	Direct Acting SOV
	SOV Elementary Diagram
	SOV Block Diagram
	Lets Walk Through�SOV Operation
	Motor Operated Valve
	MOV Actuator
	MOV Actuator
	MOV Elementary Diagram
	Lets Walk Through�MOV Operation
	Power Circuit Breakers
	PCB Elementary Diagram
	Lets Walk Through�PCB Operation
	CIRCUIT ANALYSIS BASICS

