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How calculations were done before
software:
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Agenda

» Criteria for Choosing Software
» |IEEE Standards
» Software Pakages:

» SKM

» ETAP

» EasyPower




Criteria for Choosing Software:

» COST
» Product Cost?
» Maintenance Fee?

» Training or Consulting Costs?
» Learning curve?

» Number of users?




Additional Criteria for Choosing
Engineering Software:

» Component library

» Does it include the latest protection
components from all the major industry
players?

» Technical Support

» Features vs Price




Features:

» Load Flow » Device Protection and

» Short-Circuit Coordination
» Arc Flash

» Harmonics

» Motor Starting

» Duct Bank Heating

» Step & Touch Potential



IEEE Standards

» |IEEE Standard 80-2013 - |IEEE Guide for Safety in AC Substation
Grounding

» |IEEE Standard 141-1993 - Recommended Practice for Electric Pow
Distribution for Industrial Plants

» |EEE Standard 241-1990 - Recommended Practice for Electric Powe
Systems in Commercial Buildings

» IEEE Standard 242-2001 - IEEE Recommended Practice for Protection
and Coordination of Industrial Power Systems

» |IEEE 551-2006 - Recommended Practice for Calculating AC Short-
Currents in Industrial and Commercial Power Systems

» |IEEE 1584-2018 - IEEE Guide for Performing Arc-Flash Hazar,
Calculations




Equation Slide:
V =I(Rcos® + X sin Q)

Approximate Voltage Drop Formula: Voltage System Multlply By

V = voltage drop, line to neutral Single Phase
Three Phase \/§

| = current flowing in conductor
R = line resistance for one conductor, in ohms (Q)
X = line reactance for one conductor, in ohms (Q)
® = angle whose cosine is the load power factor
cos @ = load power factor, in decimals

sin @ = load reactive factor, in decimals

Reference: IEEE Std 141-1993 Chapter 3, p97



ETAP 19.0.1 - Edit Mode

Q ETAP 19.0.1 - [Study View (Edit Mode)]
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ETAP 19.0.1 - Time Current Curve (TCC

Amps X 10 Main Bus (Nom. kV=34.5, Plot Ref. kV/=34.5)

5 1 3 s 10 o % 100 300 500 1 KOS 10K
® | l *®
20 E/ 200

FLA - Other 55
300 418.37 Amps 30
5234, 8035
100 \ 100
= e
Fusel] ———— T2
s 10 MVA (Secondary) 6.9 %2 0,
Denz-Wye Resistor Grd
OCR4.p—————————————— Curve Shift=1
oc1
1 °
0 5 2w
= @
§ 3 {l 3 g
Pt - =
300/5 OCR3
1 1
Fusel
s s
3 2 e 3
Y]
-
A ® A
15005 ora /
O
o Inrush o5
Multiplier =8 xFLA
“m: (3245958 Amps @ 12.8kV) 03
Duration =6 Cycles
| ocRe-z= oosz-z=
o0 i o
1 3 ", 10 ENC 100 EE) 3 K 1K
Amps X 10 Main Bus (Nom. kV=34.5, Plot Ref. kV/=34.5) SERAR
TCC curves shift - Sutda Main Bus - Feeder 2 l ?3@
Proet  Sxampe Dae 03-03-200¢
Locssion: lrvine, Calfornia SN:  HARGROVEDS
Comac: OTH12345578 Rev: Bsse
Engneer: Opersion Technolagy, Inc. Faur Fhase
Filename: C/ETAP 180T Example-ANSIExample-ANSI.cti
This info = primad on every oupt repor, 15t remark ne. (120 charamers)




ETAP 19.0.1 - Arc Flash Label

Arc Flash and Shock Hazard Present
Appropriate PPE Required

Arc Flash Boundary (Dc) 1.7 1t Level A

Incident Encrgy (Ed) 0.9 cal/em? Min. PPE Requirements
Working Distance 24.0in Non-melting or untreated natural
Shock Hazard Exposure 480 VAC :::::; long-sleeve shirt and long
Shock Hazard when

covers removed
Class 00 Insulating Gloves
V-rating 500 VAC

Limited Approach Boundary 351t
Restricted Approach Boundary 1.0 ft

Source protective Device: CB31
Bus2 03-11-2020




SKM Power Tools 8.0.2.5

* SKM Power*Tools - Scenario[ Base Project ] CAPTW32\Projects\PLANT\PLANT.PRJ - [MAINDRAW.DRW]
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SKM Power Tools 8.0.2.5 - TCC

CURRENT IN AMPERES
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TCC Name: MTRAND XFMR COORDINATICurrent Scale x 10 Reference Voltage: 480
Oneline:  DRAW2
March 11,2020 10:02 PM SKM Systems Analysis, Inc.




SKM Power Tools 8.0.2.5 - Arc Flash Label

Arc Flash and Shock Risk
SHOCK PROTECTION

ARC FLASH PROTECTION
Working Distance: 18in
Incident Energy: 2.1 callcm”2
Arc Flash Boundary: 26 in

Refer to CSA Z462 for requirements

Shock Hazard when
cover is removed:

Limited Approach: 42 in

480 VAC

Restricted Approach: 12in
Glove Class: 00

Equipment Name: 028-MTR 28 B

File:

Arc Flash Analysis by:

March 11, 2020 Std. IEEE 1584




EasyPower 10.2 - Database Edit

QL-EE&-&-9-= EasyPower - [Protection-1.dez (Base Case)] = &

w INSERT ~ TOOLS STYLE ~ FEEDBACK @ = @& 22

é;mt X Delete g i a ‘ [ﬁ &m ﬁ q 2 E Th g “ ‘{X Cb s;(i
Find-

€2

Copy . Activate
Paste is- Change Color Text - Auto Secenario | Zoom Window |Database| Short Coord Power Harm NMotor
- Connect § De-Activate - - Visibility | Select~ | Design~ Mgr~ - @ - Edit Circuit Flow Starting
Clipboard Edit Action View Analysis
Equipment Pal.. X
L] s - souTH
nE
m - TEE
o LT
= FER
S a
& =
ES mE |
B S0
2008
W| T
05 s 328355 MVA
BT g
=
2005
GEAM3ED
1305 | sna =
MATH SWE &
GE AMIIES0 sCan
s 2 i
120053 1200538
2053 s o
05 )
) ) E
EH S g2
2E ZE ZE
H= NS B
ok THA
TS B hsana
PO DR JEEprY ey .
: L3 14w e 2l T e
e T mtasar
. En
Eai
no: £—E—8 B
. Eyreen
S e 5 EE=TN 1508 170A &
EERER v swad E
T czerr GE V4161005 CE VB4 15-298 .|_L,_,_
12004 12004 2l G i ToT ARRIO B GI ARR-I0H
TDHIA S00%008 005404
P
sz & @ was -
2
. HE
=5 His IE
sz ez a4 F e . =2
s e 100k N EE S E}
Indacson Ingucsicn Indesion LY prioy =i =
167 157 157 N k.
S
pr=-s
161
0P
: o
Tasortisn E
fre oxia
<

WWW.easypower.com | SNAP \ | System Base MVA: 10 | Default | \ Sys Freq: 60 Hz




EasyPower 10.2 - TCC

CURRENT IN AMPERES X 100 AT 480 VOLTS
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EasyPower 10.2 - Arc Flash Label

Arc Flash and Shock Hazard
Appropriate PPE Required

Flash Hazard Boundary

cal/icm2 Flash Hazard at 26.0 Inches
PPE Description

Refer to NFPA 70E-2018 Table 130.5(G)

13.8
5-0"
2'-2"

kV Shock Hazard when cover is removed
Limited Approach

Restricted Approach - Class 2 Voltage Gloves
Prohibited Approach - Class 2 Voltage Gloves

Equipment Name: BUS-3 (Fed by: R-6)




Reports - Typical File Formats

» SKM

» Filetype: *.rpt
» ETAP

» Filetype: *dosx, *.xlsx, *.pdf
» Easypower

» Filetype: *.xlsx, *.csv




Sample Reports - SKM, ETAP, EASYPOWER

SKM

(7] se_ARLT - Notepad
File Edit Format View Help
DEMONSTRATION STUDY FOR POWER*TOOLS FOR WINDOWS

Apr 85, 20087 13:19:48

ALL TINFORMATION PRESENTED IS FOR REVIEW, APPROVAL
INTERPRETATION AND APPLICATION BY A REGISTERED ENGIMEER ONLY
SKM DISCLAIMS ANY RESPONSIBILITY AND LIABILITY RESULTING
FROM THE USE AND INTERPRETATION OF THIS SOFTWARE.

SKM POWER*TOOLS FOR WINDOWS
A_FAULT SHORT CIRCUIT ANALYSIS REPORT
COPYRIGHT SKM SYSTEMS ANALYSIS, INC. 1996-2007

alpr 05, 2007 13:19:40
DEMONSTRATION STUDY FOR POWER*TOOLS FOR WINDOWS

THREE PHASE FAULT REPORT

(FOR APPLICATION OF LOW VOLTAGE BREAKERS)
PRE FAULT VOLTAGE: 1.0000
MODEL TRANSFORMER TAPS: NO

THREE PHASE LOW VOLTAGE

DUTY PAGE 1

815-MCC 1A FAULT:

§.853 KA AT -76.78 DEG ( 7.36 MVA) X/R: 4.89

VOLTAGE: 488. EQUIV. IMPEDANCE= @8.80@72 + J @.8385 OHMS

LOW VOLTAGE POWER CIRCUIT BREAKER 8.853 KA
MOLDED CASE CIRCUIT BREAKER < 20KA  9.842 KA
MOLDED CASE CIRCUIT BREAKER > 28KA  8.853 KA

CONTRIBUTIONS: Me-A 0.168 KA
Me-B 0.219 KA
Me-C 2.168 KA
Me-D 2.168 KA
(14 LV DISTRIB 8.137 KA
B816-H2A FAULT: 7.197 KA AT -61.69 DEG (  5.98 MVA)

ANG: -86.19
ANG: -73.89
ANG: -86.19
ANG: -86.19
ANG: -76.38
X/R: 1.92

VOLTAGE: 4g@. EQUIV. IMPEDANCE= ©.0183 + J @.8339 OHMS

LOW VOLTAGE POWER CIRCUIT BREAKER 7.187 KA
MOLDED CASE CIRCUIT BREAKER < 18KA  7.392 KA
MOLDED CASE CIRCUIT BREAKER < 2BKA  7.197 KA
MOLDED CASE CIRCUIT BREAKER » 28KA  7.197 KA
Cle LV DISTRIB 7.197 KA

ANG: -61.69

817-H1A FAULT: 4.681 KA AT -408.26 DEG (  3.83 MVA) X/R: 8.86
VOLTAGE: 488. EQUIV. IMPEDANCE= ©.8460 + J @.8389 OHMS

LOW VOLTAGE POWER CIRCUIT BREAKER 4.601 KA
MOLDED CASE CIRCUIT BREAKER < 18KA  4.601 KA
MOLDED CASE CIRCUIT BREAKER < 28KA  4.601 KA
MOLDED CASE CIRCUIT BREAKER > 28KA  4.681 KA

ETAP

EASYPO

Prejsct: Enmgle ET4P 1 : : : .
} e e Short Circuit Calculations.in EasyPower
Location: Irviza, California 19.01C Data: 05-17-2020
Contmact: : L : Times N me 12 - " A Pl=" »
Enginesr Ravisicn  Bass p., %3 Copr W | -
) s Seady Case: ANSI Duty e e Fromatraner | B 4 U * abe 3, x| [ -5 [‘_]"-‘ o [ K- =
Flimma:  Eramplec) Confe: Clipboard o Font il Paragrash
This inf is printed ca evary owtput repart, 1st ramark line, (120 charactars)
Secand lins of rezsacks for “ANSI Dury” smdy case. F.V Momentary Report
Vpu=1.00
Bus Name
Electrical Transient Analvzer Program Awmps
BUS4  0.430 236256
. ) )
BUS2_AD 0.450 336256, 476, 138
ANSI Standard
3-Phase Fault Currents I
BUS-5 0430 210154 2880143 23701 6 LVPCB i 210154
i MCCB 10-20 kA 310154
MCCB>20kA 310154
BUS5 A0 0.480 155356 136 103 160305 LVPCB 155336
MCCB 10-20 kA 155538
Mol R ] MCCB > 20 kA 155536
Srwing V-Coaal Load ol BUS.S_Al 0.450 120384 118 ot 121521 LVPCB 120854
S , N " - MCCB 10-20kA 120284
MCCB >20kA 120454
N BUS-5 A2 0480 210154 2841 143 23701 6| LVPCB 210154
e s ' I ot MCCB 10-20 kA 210154
. ] - . s p s . " MCCB>20kA 310154
* BUSS A6 0.450 133336 136 103 160308 | LVPCB 153536
MCCH 10-20 kA 155516
Syachreoous Powsr Synchromom ﬁﬂnm- Lumsped MCCB>20kA 155536
Geesntr Gad Mater Mackine: Loxd Tl BUSS A9 0480 120484 118 Lol Biss|Lvecs 104E4
Numsber of Machines: 1 1 1 s 5 17 MCCB 1020 kA 120454
MCCB=20kA 120484
BUS-6 0480 115701 02| 100 115792 | LVPCB 15701
MOCB 1020 kA
MCCB>20 kA
Syseam Frequency: £0.00
st Systam: Englisn
Project Filanam: Exampls-ANST
Cratput Filanama: C/ETAP 1901 'Exanple-ANSTANST-Duty SA1S I l

Screenshot: https://yo



ETAP:

Duct bank heating calculation

Cable Ampacity Calculation
Ground Grid / Step & Touch Potential

File Edit WView StudyCase Default Help

[f@|}ass | |[eRois

Grid4_paper1 =l [Summary v




SKM Power*Tools:

» PTW GroundMAT
» |EEE Std 80
» Sunde Method
» Gradient Method




EasyPower:

» Partner firm SINT Ingegneria
» Software: XGSLab

» Includes several modules:
» GSA (GROUNDING SYSTEM ANALYSIS)
» GSA_FD (GROUNDING SYSTEM ANALYSIS in the FREQUENCY DOMAIN)

» XGSA_FD (OVER AND UNDERGROUND SYSTEM ANALYSIS in the
FREQUENCY DOMAIN

» XGSA_TD (OVER AND UNDERGROUND SYSTEM ANALYSIS in the TIME
DOMAIN)

» NETS (NETWORK SOLVER)




Software Experiences: SKM, ETAP & EasyPo

» USER Interface

» Developing the electrical model
» Adding equipment:
»Buses, Motors, Fuses, VFDs
»Relays and current transformers
» Performing Studies:

» Load Flow Analysis, Short-Circuit Analysis,
Protection and Coordination Analysis






