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Electrical Systems

Busway Applications:

Busway is electric conductor system the uses rigid bars or
tubes of CU or AL supported and enclosed in metal
housing (may or may not be insulated bus)

Feeder BuswayUsed to transmit large amounts of power

Plugin Busway Used to make changeable load
connections
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Electrical Systems

Standards;

IEEE C37.23 IEEE Standard for Metalosed Bus and
Calculating Losses Iin IsolatBbase Bus

NEC article 64B

IEEE 141 IEEE Recommended Practice for Electric Power
Distribution for Industrial Plants (IEEE Red Book),
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Electrical Systems

Three typeg;
Nonsegregategbhase bus duct

Segregated phase bus duct
|solated phase bus duct

Reliablility vs. cost
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Electrical Systems
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FIGURE 4.6.1 Types of MV busway.
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Electrical Systems
Segregated phase bus duct
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FIGURE 4.6.2 Segregated-phase busway cross section.
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Electrical Systems
Flexible joints every 50{ supports every 5 feet

Barriers around generators to seal hydrogen (or purge)
Fire barriers / vapor seals / space heaters
Ratings of 1200A, 2000A, 3000A, 4000A, and 5000A

Shortckt withstand ratings & voltage ratings
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Electrical Systems

Segregated phase bus duct testing

TABLE 4.6.1 Segregated- and Nonsegregated-Phase Bus Rated Short-Circuit Withstand
Current (kA Asymmetric) 167-ms Duration

Nominal voltage, kV Nonsegregated Segregated
0.635 ac and all d¢ 75; 100; 150 —
4.76 39; 58; 78 —
13.8 37. 58; 77 —

14.4 -— 60; 80; 100

23.0 32; 56, 64 60; 80; 100

345 32 56; 64 60; 80; 100

Note: The power factor of the test circuit shall be 4 1o S percent lagging (X/R ratio of 25 10 6.6) with X and
R in series connection.
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Electrical Systems

TABLE 4.6.2 Bus Voliage Ratings

Insulation level, kY

Maximum

operating Rated frequency withstand, rms

voltage, DC withstand Impulse

kV rms Dry (1 min) Dew (10 5) dry withstand

Nonsegregated phase

0.635 2.2 — 3.1 —

4.760 19.0 15.0 27.0 6()
15.000 36.0 24.0 50.0 95
25.8(0) 60.0 40.0 85.0 125
38.000 80.0 70.0 — 150

Segregated phase

15.5 50 30 70 110
25.8 60 40 85 125
38.0 80 70 — 150
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Electrical Systems
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Electrical Systems
Cable Application

The selection of conductor size requires consideration of;
load current
loading cycle
emergency overloading
fault clearing time
voltage drop
routing
ambient temperatures
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Electrical Systems
Copper vs. Aluminum

Aluminum requires larger conductor sizes to carry the
same current as copper.

For equivalent ampacity, aluminum cable is lighter in
weight and larger in diameter than copper cable.
Coefficient of thermal expansion of AL 36% > CU
NEG #8 AWG and larger stranded conductor
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Electrical Systems

Insulationg

Thermosetting compounds
Thermoplastic compounds
Paperlaminated tapes
Varnished cloth, laminated tapes
Mineral insulation

Tapes long history, but susceptible to moisture intrusion
replaced by thermosetting / thermoplastic compounds
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Electrical Systems
Comparison of thermosetting vs. thermoplastic insulation

Properties of insulation

Common name Electrical Physical
Thermosetting

Cross-linked Excellent Excellent

polyethvlene

EFR Excellent Excellent

Butyl Excellent Good

SBR Excellent Good

0O1il base Excellent Good

Silicone Good Good

TFE* Excellent Good

ETFES Excellent Excellent

Neoprene Fair Good

Class CP rubberz Good Good
Thermoplastic

Polyethylene Excellent Good

Polyvinyl chloride Good Good

Nylon Fair Excellent
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Electrical Systems

Thermoplastic soften to a liquid state with increasing
temperature and return to their solid state unchanged on
cooling

Thermoset retains dimensions with increasing
temperature to decomposition temperature
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Electrical Systems
Insulation hardness vs. temperature

PE CROSS-LINKED PE
100 -
80 SILICONE N

PVC

NEOPRENE JACKET

SHORE HARDNESS
8

20 1 gpR,RUBBER,AND BUTYL

(o ¥
SOFT 20 40 ©0 80 100 120 140 160
TEMPERATURE °C

Figure 12-2—Typical values for
hardness versus temperature
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Electrical Systems
NEC Classifications

EPR or XLPE insulated, with or without a jacket

Type RHW for 75 C max temp in wet or dry locations
Type RHH for 90 C max temp in dry locations only
Type RH\A2 for 90 C max temp in wet and dry locations.

XLPE or EPR insulated, without jacket
Type XHHW for 75 C max temp in wet locations and 90 C in

dry locations only
Type XHHW2 for 90 C max temp in wet and dry locations.

(above restricted to conduit)
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Electrical Systems
NEC Classifications

PVC insulated, nylon jacketed
Type THWN for 75 C max temp in wet or dry locations

Type THHN for 90 C in dry locations only
PVC insulated, without jacket

Type THW for 75 C max temp in wet or dry locations.
(above restricted to conduit)
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Electrical Systems
NEC Classifications

Metal-clad cable, Type MC
Cable using metallic sheath or tape armor. Usually Type
XHHW, XHHVY, RHH/RHW, or RH®@/

Type MC cable may be installed in any raceway, in cable
tray, as open runs of cable, direct buried, or as aerial cable

on a messenger.
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Electrical Systems
NEC Classifications

Power and control tray cable, Type TC
Cable with flameaetardant nonmetallic jacket.

Type TC may be installed in cable trays, raceways, or where
supported in outdoor locations by a messenger wire.
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Electrical Systems
NEC Classifications

PVC insulated, nylon jacketed
Type THWN for 75 C max temp in wet or dry locations

Type THHN for 90 C in dry locations only
PVC insulated, without jacket

Type THW for 75 C max temp in wet or dry locations.
(above restricted to conduit and tray)
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Electrical Systems
Cable Construction

(a) Single-conductor cable (600 V or 5 kV nonshielded)

METALLIC SMIELD NONMETALLIC EXTRUDED
STRAND SHMIELD
UL TYPF MV-90 /

\

COANDUCTOR

JACKET NONMETALLIC EXTRUDED INSULATION
INSULATION SHELD

(b) Type MV medium-voltage single-conductor cable (5-35 kV)
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Electrical Systems
Cable Construction

p——

(c) Type TC power and control tray cable (600 V)

I =

(d) Type MC metal-clad power and control cable (600 V-35 kV )
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Electrical Systems

Protection of insulatiorr Jacket or sheath
Typical

Polyvinyl chloride

Polychloroprene (Neoprene)
Chlorosulfonated polyethylene (Hypalon)

Neoprene avoid contact with creosote treated mategal
softens jacket
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Table 12-4—Propertles of Jackets and bralds

Abrasion Low Heat Fire
Material resistance | Flexibility | temperature | resistance | resistance
Neoprene Good Good Good Good Good
Class CP mbber* Good Good Fair Excellent Good
Cross-linked Good Poor Poor Excellent Poor
polyethylene
Polyvinyl chloride Fair Good Fair Good Fair
Polyurethane Excellent Good Good Good Poor
Glass braid Fair Good Good Excellent Excellent
Nvylon Excellent Fair Good Good Fair
ETFE Excellent Poor Excellent Good Fair
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Electrical Systems
Wiring methods

Conduitg best knowng higher possibility of cable damage

during pullingg verify maximum pull tensions and jam
ratios for installation

IMC (intermediate metal conduit)¥2 thickness wall
EMT (electric metallic tubing)thinner walls

Not recommended for power plant use.
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Electrical Systems

Cable traygc maximum tray fill defined by NEC

Supported every 120 feet

When approved for use, can use as equipment grounding.
Better than single ground conductor.

Fault conditions, without grounded tray, cable tends to
jump out.

Grounded tray reduced fault force on phase cable
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Table 12-7—=Wiring methods for hazardous locatlons

Class I Class II Class III
division division division
Wiring method 1 2 1 2 lor2
Threaded ngid metal conduit X X X X X
Threaded steel intermediate metal X X X X X
conduit

Rigid metal conduit X X

Intermediate metal conduit X X

Electrical metallic tubing X X

Rigid nonmetallic conduit X

Type MI mineral insulated cable X X X X X

Type MC metal-clad cable X X X

Type SNM shielded nonmetallic cable X X X
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Electrical Systems

Table 12-7—WiIiring methods for hazardous locations

Class I Class II Class III
division division division
Wiring method 1 2 1 2 lor2
Type MV medium-voltage cable X
Type TC power and control tray cable X
Type PLTC power-limited tray cable X
Enclosed gasketed busways or wireways X
Dust-tight wireways X X

Source: Based on the NEC.
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Electrical Systems

Underground cables operated < 69C regardless of
Insulation ratingg soildryout ¢ thermal runaway.

Ampacityc NEC tables or IEER 35 tables
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Electrical Systems

Cable applications above 2KV must use shielded cable
(exception in NEC for up to 8KV removed in 2005)
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Electrical Systems
Control of electrical gradient

25

~CABLE SURFACE

LINES OF FORCE

e /,2 GROUND PL ANE
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Electrical Systems
Control of electrical gradient

EQUIPOTENTIAL LINES

~INSUL ATION

GROUNDED SHIELD

LINES OF FORCE
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Electrical Systems

Terminationsg
600v strip and either mechanical lug or compression lug
(compression preferred)

MV termination kits

Three classes

Class 1. Seals factory cable from pressure, moisture, and
contamination and provide stress control

Class 2: Similar to class 1, but no pressure seal

Class 3. Provides only stress control and only for clean dry
location
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Electrical Systems

Cable Splicing

Ground strap
0.030in X 3/8in
(0.76 mm X 9.53 mm) copper

All lengths and tape buildup thicknesses
keyed to T, factory insulation thickness

Y ————

x -_:.L 1 157 _e'_ * ¥ SR
NSNS SR - 7 oo o an ot ol ok’ e ~ - =
L::.’.-’A‘J.LL. '_;";,\' T\'I~|’~ oy g - Fory l‘l \':_“':‘_’.\\.-.!I "\L.(.’.\\..L‘-\l‘_

Conductor

B G SIS N — T =l Insulation s e

e o T
Factory
Bied e " Strand semi-con

Cover with semi-con tape, ‘ i
MMM 217 etc. / Insulation semi-con

High-voltage tape, GE “SPT" ete.
Apply level layers, roil
Shield knit tape, MMM 224 etc.
Solder 3 lines end to end
and to factory shield
Bonding jumper, MMM #25
Jacket tape, 4 layers HV tape,
covered with 1 layer AMP Ampli-Seal #2,
heat shrink after application,
Lap 2 in (50.8 mm) over tapered end of
factory jacket or unishield SC

FIGURE 4.7.1

Straight splice, solid dielectric cable.
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Clean with abrasive cloth,
then wipe with solvent-
dampened cloth

Dampen with rubber cement
just before applying tape
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Electrical Systems
Cable Termination Kit

Factory jacket
Factory shield
Insulation semi-con

. 1
Semi-con tape 3 kV,_'J“ i Creepage length

Shield knit tape )
3 lines solder mn 2kV, - Dry loc —

s°|d.‘. S —\ _.J 3 kV° - Wet loc =1

. Y A = ’ o \ I~ S a\ \
\\\\‘\\\
\‘\ l,,,‘_ ,",'\ -\/\ ', ~";
L .< \./;_r‘__;.._..__ — __l. pr Ay ¥ AT
~- J—' ‘ - R ;
= e ) = F — =A% Conductor  Insulating tape
s o Strand semi-con (outdoors)
Insulating tape :
: . Insulation
Grounq strap, Cover with silicone rubber Clos itit abivialie coih
0.030 in X 3/8in tape, just over cone, indoors, = ‘
' full length, then wipe with
{0.76 mm X 9.53 mm}  full length outdoors or in solvent-dampened cloth
tinned copper outdoor cubicles. Bishop

Dampen with rubber cement
just before applying tape
Insulating tape {use template)

Tri-Sil

FIGURE 4.7.2 Taped termination, solid dielectric cable. Note: 4 kV,, 4kV,.2kV  and 3kV,
in (6.4 mm), i (12.7 mm), 2 in (50.8 mm), and 3 in (76.2 mm) per k|lmull lo uhlc ground, uspc .
tively.
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———Lug or connector

Weatherproof tape
(silicone rubber)

e Silicone rubber insulator

Shedded for high-contamination
- locations
.i

| . .
- Cable insulation
|

ALV LA

Prefabricated stress cone

b Semi-con tape
Factory semi-con

Insulating tape
Weatherproof tape

Flat ground strap
Ground connection

FIGURE 4.7.3 Class 2 terminator.
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Class 2 termination
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]

re—— Lug or connector

| ——Cable insulation

f Prefabricated stress cone

Insulating tape

Semi-con tape
Factory semi-con
Factory metal shield
(tape or wires)

Flat ground strap

— Ground connection

FIGURE 4.7.4 Class 3 terminalor
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Class 3 termination

Energy Production Engineering
Thomas Blair, P.E.

(tom@thomasblairpe.com )




Electrical Systems
Bend radius

TABLE 4.7.3 Minimum Bending Radius Times the Outside Diameter
of Unshielded Cable

—

Outside diameter. in

Insulation thickness, in* .00~ 1.001-2 2.001 4
0-0.155 4 5 6
0.170-0.310 5 H 71
0.325 or more — 7% 81

*In X 25.4 = mm.
1+ Armored.
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Electrical Systems

Information from IEEE 11&Recommended Practices for
Cable Installation at Generating Stations

To determine the max pulling length, must determine the
max allowable pull tension and sidewall pressure.

Maintain Minimum bend radius (may be larger to minimize
side wall pressure)
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Electrical Systems
Bend radius

Table 1 = Minimum trained bend radius for non-shielded or non-armored cable

. Minimum Cable Bend Radius
Nﬂn'bmelded, Non-Armored Cable = Multiplier x OD of Cable
OD of Cable in inches (mm)
Thickness of Insulation [mils (mm)) Less than lin lin to 2in Above 2in
(25.4 mm) (25.5 to 51 mm) | (Over 51 mm)

155 mils (3.9 mm) or smaller 4 5 6

157 mils (4.0 mm) to 310 mils (12.2 mm) S 6 7

Over 310 mils (12.2 mm) - 7 8
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Electrical Systems

Bend radius

Table 2 = Minimum trained bend radius for shielded or armored cable

Shielded or Armored Minimum Cable Bend Radius
Power & Control Cable = Multiplier x OD of Cable
Type of Shield or Armor Multiplier
Tape Shicld 12
Wire Shield 8
Interlocked Armor 7
Corrugated, Welded Armor 12
Smooth Welded Armor 10t0 15
Extruded Aluminum Armor 10to IS5
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Electrical Systems
Max allowable pull tensiog conductor pull

Pull tension based on pulling by conductor such as with pulling eye:

Twax =K xXnxA, (1)
Where:

! (- = maximum pulling tension in Ibf (N)

A, = conductor area in circular mils (square mm)

n = number of conductors

K = 0.008 Ibfcmil (70.27 N/mm®) for soft annealed copper

K = (.006 Ibficmil (52.71 N/mm?) for 3/4 hard aluminum ( alloy 1350-H16)
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Electrical Systems

Installationg

Pull on both conductor & jacket

Pull from the longest straightest section
Pull Tension Calculation:

For straight length pull tension is

T=W*0.5 where
T = Tension required for straight length, Ib
W = welight of cable total, Ib
(W = Weight of cable (Ib/ft) * Length of section (ft))
0.5 = estimate of friction coefficient (with lube)
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Electrical Systems
9EI YL S mcY F2NJ I aGNY A3AKI
weighing 2 Ib/ft, what is the pulling tension?

T = (2 Ib/ft) * (100ft) * 0.5

T=1001b
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Electrical Systems
For curves, the pull tension is

Tc=T1*exp (0.5*a) where

Tc = Tension required for curve bend, Ib

T1 = Tension at entering end of bend or curve, Ib
exp =2.72

A= angle of bend, rad (degree / 57.3)

0.5 = estimate of friction coefficient (with lube)
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Electrical Systems
Example 17: What is the pull tension for a cable pull

through a 90 degree bend where the tension at the bend
inlet is 100 |b
Tc = 100Ilb * exp (0.5 * (90/57.3))

Tc =219 1b
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Electrical Systems
Jam Ratio Calculation:

JR = ID conduit / OD cable

JR > 3 recommended. Avoid 2.8 < JR < 3.0
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Electrical Systems
Use of Cable Pulling Charts

SAF =sin 0 + K’ cos 0

K.f
Where:
SAF = the slope adjustment factor, used in Table 3
0 = the angle (in degrees) of the slope from horizontal
K’ = the effective coefficient of friction
UNIVERSITY OF i i "
-‘[ St i Energy Production Engineering
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Electrical Systems
G9FFSOUABDSE O2yRdzA G f Sy 3JiGK

Table 3 — Development of “effective” conduit length—chart comparison

Type of conduit section “Effective” conduit length
Horizontal conduit As measured
Conduit sweep Need not be included
Vertical conduit—Up As measured multiplied by: 2 for K'= 0.5 and 2.9 for K" = (0.3
Vertical conduit—Down Not included; L =0
Slope—Down As measured
Slope—Up As measured multiplied by SAF from Equation (13) or Table 4
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Electrical Systems
Table of Slope Adjustment Factor (SAF)

Table 4 - Slope adjustment factor (SAF)

“Effective” coefficient of friction (K’)
Slope angle (°)

0.5 0.3
15 1.5 1.7
30 1.9 2.3
45 2.1 2.7
60 2.2 2.9
90 2.0 3.3
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Electrical Systems

Example:
| 2y GNRE OFoftSa IINB 0SAyYy3 Lldz
(See Figure B.1). Side wall bearing pressure (SWBP) of
cable is 500 Ibf/ft and coefficient of friction is not known
but assumed to be no greater than 0.5. What is;

a. Total effective conduit length?

b. Total degrees of bend?

c. Maximum allowable effective conduit length for
cable specified?

d. What is maximum pulling tension for
application?
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Electrical Systems

Condulit routing; 5ft (1.5 m)

Effective length 4\

250

Total degrees turns

(3.05 m)

270 degrees:

25 ft (7.6 m)

10ft\

(3.05 m) A

Figure B.1 - Isometric of conduit layout — Example #1

To
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Electrical Systems
Condulit routing;

4

Tin

5ft (1.5m)

Effective length 2w aom
250
Total degrees turns (\) i

270 degrees:

Table B.1 - Effective conduit length and degrees of bend—Example #1

Ty

Figure B.1 - Isometric of conduit layout — Example #1

Section type Angle (%) Measured conduit Effective conduit
length, ft (m) length, ft (m)

Straight horizontal 10 (3.05) 10 (3.05)
Horizontal bend 90
Straight horizontal 5(1.5) 5(1.5)
Bend down 90
Vertical down 25 (7.6) 0
Bend down 90
Straight horizontal 10 (3.05) 10 (3.05)
End of pull (totals) 270 25 (7.6)

Energy Production Engineering

Thomas Blair, P.E.
(tom@thomasblairpe.com )
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Electrical Systems
2NJ oé O2YRdAZAGZ HTn RSIANBS
SY3dK Aad HyQ O6YFE Liz £t Ay 3

Table A1a - Conduit-cable pulling chart for control cable
SWBP = 500 Ibf/ft and K'= 0.5

C
f

Conduit Maximum effective conduit length (ft) [Maximum allowable
Trade pulling tension (Ibf)
Sire
Total degrees of conduit bend
45° 90" 180" 170° jis 60"
% 935 631 288 131 89 60 66
l 754 509 232 106 71 4% 132
1 %4 483 326 149 68 40 3l 30
2 327 221 101 46 3 21 353
2% 251 169 - 77 35 24 16 3B6
3 200 135 62 28 19 13 478
3 173 117 53 24 16 11 551
4 142 D6 44 20 13 4 583
5 138 93 43 19 13 9 895
(] 120 8l 37 17 11 B 1124
Minimum one single conductor 14 AWG or one multiple conductor 14 AWG conductor size.
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Electrical Systems

Example:
Same application, but pull from other direction. Control
OFofSa FNB o0SAYy3 Lizt SR Ay
Figure B.1). Side wall bearing pressure (SWBP) of cable is
500 Ibf/ft and coefficient of friction is not known but
assumed to be no greater than 0.5. What is;

a. Total effective conduit length?

b. Total degrees of bend?

c. Maximum allowable effective conduit length for
cable specified?

d. Does pull end selection make difference?
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Section Type
Straight Horizontal
Bend up
Vertical Up
Bend Down
Straight Horizontal
Horizontal Bend
Straight Horizontal
End of Pull Total

UNIVERSITY OF

USF fliitiss
POLYTECHNIC

Angle
(degree)

90
90
90

270

Measured
Conduit
Length,

Ft
10

25

10
50

Energy Production Engineering

Thomas Blair, P.E.
(tom@thomasblairpe.com

Effective
conduit
length,

FT
10

50

10
75
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Electrical Systems

Condulit routing;
Effective length
Tp Q

Total degrees turns
270 degrees:

Pull from and two makes difference!!!
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Electrical Systems
Statics¢ Sum of forces on object must sum to zero

10,000 POUNDS

CABLE
WHEEL “B”
90 °

10,000 POUNDS

14,140 POUNDS

D
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Electrical Systems
Statics¢ Sum of forces on object must sum to zero

10,000 POUNDS

CABLE
WHEEL “C”
90 °

10,000 POUNDS
10,000 POUNDS
UNIVERSITY OF : : .
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Electrical Systems

Statics¢ Sum of forces on object must sum to zero

10,000 POUNDS

10,000 POUNDS

20,000 POUND

CABLE
WHEEL “A”
180 °
UNIVERSITY OF - - '
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Electrical Systems
Typical Equipment used in cable pulls

DUCT BANK PULLS PULLING PULLING
CAPSTAN LINE REEL

PULLING
CABLEREEL LI e
PULLING _ (&
SWIVEL
- TRUCK |
JACK STAND o
T
| CABLE .
CABLE — | WHEEL “C
MANHOLE — | "o
WHEEL “A"
HERL DUCT
WHEEL “B"
-| S R Energy Production Engineering
POLYTECHNIC Thomas Blair, P.E.

(tom@thomasblairpe.com )




Electrical Systems

Fundamental Electrical Calculations:
Wye¢ Delta Transformation

Base value Calculations

n*p=120*f

slip=(r-n;)*(100%)/n,

Torque=V/f

PFPrea(KW)/Ptotal(KVA)
KVARcosrKWmult
5250*P(HP)=Torque(lb ft)*speed (RPM)
Tc = Tin * 0.5 (straight pull, K=0.5)

Tc =Tin*exp (0.5 * a) (bend pulOko, a=radians angle)
Sum of forces on object must sum to zero
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Instrumentation
Instrumentation function; monitor / control

Pressure
Temperature
Flow

Level

Vibration, O2, CO, NO, Opacity, PH, Conductivity
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Instrumentation

Instrumentation is the use of devices for the
measurement, detection, observation, computation,
communication, or control of systems.

Precision & Accuragy

Precision is the range of values of a set of measurements.
Accuracy is a statement of the limits that bound the
departure of a measured value from the true quantity.
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