Time-Current Curves Using Excel 2013

Silverio M. Pangonilo, PEE RPEQ
Institute of Integrated Electrical Engineers
VPRM Engineering, Incorporated
Philippines
ver@pangonilo.com

Abstract—This document serves a guide for the creation of
time-current curves using Excel' 2013. The user is expected to
have at least an intermediate level of knowledge in the usage of
aforementioned software else it will be difficult to understand
the procedures presented herein. Calculating fault currents is
likewise beyond the scope of this document.

Index Terms—time-current curve, fault current, protection
relay

I. INTRODUCTION

In 2008, I have created some articles on the creation of
time-current curves using Excel 2003.

1) Creating Coordination Curves with Excel (Pangonilo,
2008) [11;

2) Time-current Curves with Excel Part II (Pangonilo, 2008)
[2];

3) Time-current Curves with Excel Part III (Pangonilo,
2008) [3];

4) Time-current Curves with Excel Part IV (Pangonilo,
2008) [4].

The steps mentioned in above tutorials may not be applica-
ble anymore with the newer versions of Excel particularly if
you are a beginner. This tutorial is an update of those tutorials
combined into single article complete with a downloadable
pdf. While the 2008 tutorials referred to the IEC? 60255-
3:1989, this tutorial was updated to IEC 60255-151:2009
which is the current revision of the standard and supersedes
IEC 60255-3:1989.

IT. SKILLS REQUIREMENT

To be able to follow through process of this tutorial,
familiarity with the use of Excel 2013 is necessary particularly
with the creation of graphs. Without this knowledge, it will
be very difficult to understand the steps provided herein.

The minimum requirements of this tutorial are the following

e You have MS Excel - at least MS Excel 2013 or higher
versions;

¢ You know how to use MS Excel;

e You know how to create graphs.

If you do not have the skills listed, Excel online tutorials
are available online. Try this link “https://bit.ly/2koZQ9P”.

"Microsoft® Excel
2International Electrotechnical Commission

III. OBJECTIVES

Performing protective devices coordination is always a part
of our tasks as Electrical Engineers. You may use ETAP?,
SKM Power Tools* or any Power System Analysis software
to do the job, if your company has the money to buy the
software. What matters most however is the technical know-
how in using the sophisticated power system analysis software.

The objective of this tutorial is to guide the Electrical
Engineer to create coordination curves for any particular
application. This tutorial also aims to provide tips during the
process.

Calculating fault—currents are beyond the scope of this
tutorial.

Figure 1 is a sample of coordination curve plot that we
will produce by the end of this tutorial. If you are able to plot
the desired graph, then you have successfully learned how to
create T-C curve using Excel 2013.

Figure 1. Completed T-C Curve

Time-Current Curve (Normal Inverse)
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IV. PLOTTING THE T-C CURVE

In this part of the tutorial, we shall be able to produce a
Normal Inverse Time-Current curve. Given the values Table
I, we plot the values on an XY Scatter graph with data points
connected without markers.



Table 1
NORMAL INVERSE CURVE - 400A SETTING

L(A) | t()
600 2.75
800 1.60
1200 | 1.01
1600 | 0.80
1600 | 0.80
1600 | 0.14

4800 | 0.14

4800 | 0.10

A. Preliminary T-C Curve

Try to plot the values and I presume that you will be getting
a graph similar to Figure 2. We know that we are not getting
the correct plot profile that we wanted. We will find a way to
produce the plot we desire.

Figure 2. Normal Inverse Curve 400A Setting (Wrong Plot)

Normal Inverse 400A

b

Time, s

0.1

100 1000
Current, A

10,000

To plot a graph similar to Figure 3, the technique is to
chunk the data into separate data series (refer to Tables II,
III, TV and V). Plot each data series as individual curves on
the graph.

Figure 3. Normal Inverse Curve 400A Setting (Correct Plot)
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3https://etap.com
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Table 11
DATA SERIES 1
L(A) | t(s)

600 2.75
800 1.60
1200 1.01
1600 | 0.80

Table III
DATA SERIES 2
I(A) t (s)
1600 0.80
1600 | 0.14

B. T-C Curve Creation

As mention in Section II of this tutorial, it is presumed that
you know how to use Excel 2013 or newer.

In this part, we shall learn how to calculate curves for
normal inverse, very inverse, extreme inverse and longtime
inverse.

We shall also be able to create Normal Inverse curves from
the formula given in (1). This formula has been used in
so many coordination studies worldwide. You can actually
use it to coordinate your protection settings with your power
supplier. Normally the time setting for the network protection
will be provided by the power supplier. We shall discuss this
on the succeeding sections of the tutorial.

t(G)=TMS +c 1

__k
(&) -1
where:

t(G) is the theoretical operate time with constant value of G
in seconds;

k, ¢, a are the constants characterizing the selected curve;

G is the measured value of the characteristic quantity;

Gy is the setting value;

Table IV
DATA SERIES 3
I(A) t (s)
1600 | 0.14
4800 | 0.14

Table V
DATA SERIES 4
I[(A) | t(s)
4800 0.14
4800 0.10
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. . .1 . Figure 4. Select The Range
TMS is the time multiplier setting. £ £

The constants £ and ¢, have a unit of seconds, a has no

500 A CT Rating (Normal Inverse)
dimension. o [ m Tine,s
. . . . 0.05 0.1 02 025 03 04 05 0.6 0.7 08 09 1
Below table list the values required in the equation (1). 5 | o [ om [ i [ s | o5 [ 56 [ ome | oo [ 0w | sooe | 5o | w5e7 | wrs
2 1000 05 1 201 251 301 401 501 6502 7.00 802 | 903 | 1008
3 1500 | o032 | oes 126 | 158 189 | 250 515 378 | 4m 508 | s67 63
. . o 4 2000 | o2s 05 1 124 149 | 190 289 | 200 | sss | ses | 448 208
Table A.1 — Constants for dependent time operating and reset characteristics S ol = = = = = Er = z == = E
[ 3000 | o015 | o038 | o7z | ose 115 153 192 23 265 | sor 3.45 384
Curve Operating time Reset time Commonly used 7 3500 018 035 071 0388 106 141 176 212 2.47 282 3.17 353
type name 8 2000 016 033 066 082 099 132 165 198 231 268 297 33
s as00 | o016 | os1 o2 | o078 | oss 125 156 | 187 218 | 249 28 512
10 soo0 | o1s 03 059 | o074 | oss | 119 149 | 178 | 208 | 238 | 267 297
k t
i(G) - TMS| ~ +c tr<G) - TMS| r — 20 10000 011 023 045 057 068 091 113 136 159 181 2.04 227 -
S|4 1-[ &
Gs Gs .
Figure 5. Select Type of Graph
k c a t o
v
s s s
A 0.14 0 0,02 : : Inverse Scatter
B 13.5 0 1 2 : Very inverse
(¢} 80 0 2 : : Extremely inverse - - . ' ! |
i i b
IEEE Moderately & o & oy
D 0.0515 0,1140 0,02 4,85 2 inverse L]
E 19.61 0.491 2 216 2 IEEE Very inverse
IEEE Extremely
F 282 0,1217 2 29.1 2 inverse )
* For curves A, B and C, the manufacturer shall declare if dependent time reset characteristic is b
implemented and provide the appropriate information.

Source IEC 60255-151:2009 Table A-1

Using (1), the resulting values will be the Table VI. You
could copy the whole table and paste it into your worksheet
or create the values yourself following the sample in (2).

Remember that this curve is for Normal Inverse curve.

To provide an example calculation with values taken from 2) Select Type of Graph: Start chart wizard and select XY
Table VI - (TMS=0.05 GQ = 1.5, k=0.14, c=0, a=0.02 )  (Scatter) with data points connected by smoothed lines without
’ s ) . ’ ) .

marker, see Figure 5.

|_ More Scatter Charts...

Unfortunately, in MS Excel 2013 however, Figure 6 will
0.14 ) ; -
t(G) =0.05 W +0 (2)produce a graph which looks like Figure 6.
' This is not the graph we wanted to produce.
grap p
t(G) = 0.86 ) Figure 6. Incorrect Graph
By following the above sample calculation, Table VI could )

now be completed. It would be very easy to use Excel formula Chart Title

to fill up the table. 2
15

Table VI

NORMAL INVERSE CURVE - 500A CT RATING

o |g ) Time (t),

Gs 0.05 ] 0.10 [ 0.20 | 0.25 [ 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 [ 1.00
1.5 750 [ 0.86 | 1.72 | 3.44 | 430 | 5.16 | 6.88 | 8.60 | 10.32 | 12.04 | 13.76 | 1547 | 17.19
2.0 | 1000 | 0.50 [ 1.00 [ 2.01 | 2.51 | 3.01 | 401 | 5.01 [ 6.02 | 7.02 | 8.02 [ 9.03 | 10.03
3.0 | 1500 | 032 [ 0.63 | 1.26 | 1.58 | 1.89 | 2.52 | 3.15 | 3.78 | 441 | 504 | 567 | 630 0
4.0 | 2000 | 0.25 | 0.50 | 1.00 | 1.24 | 1.49 | 1.99 | 249 | 2.99 | 349 | 398 | 448 | 498 A
5.0 | 2500 | 0.21 [ 0.43 | 0.86 | 1.07 | 1.28 | 1.71 | 2.14 | 2.57 | 3.00 | 342 | 385 | 4.28
6.0 | 3000 [ 0.19 ] 038 | 0.77 | 0.96 | 1.15 | 1.53 | 1.92 | 2.30 | 2.69 | 3.07 | 345 | 3.84
7.0 | 3500 | 0.18 | 0.35 | 0.71 | 0.88 | 1.06 | 1.41 | 1.76 | 2.12 | 247 | 2.82 | 3.17 | 353
8.0 | 4000 | 0.16 | 0.33 | 0.66 | 0.82 | 0.99 | 1.32 | 1.65 | 1.98 | 231 | 2.64 | 2.97 | 3.30
9.0 | 4500 | 0.16 [ 0.31 | 0.62 | 0.78 | 0.93 | 1.25 | 1.56 | 1.87 | 2.18 | 2.49 | 2.80 | 3.12
10 | 5000 | 0.15]0.30 | 0.59 | 0.74 | 0.89 | 1.19 [ 1.49 | 1.78 | 2.08 | 2.38 | 2.67 | 2.97
20 | 10000 | 0.11 | 0.23 | 045 | 0.57 | 0.68 | 091 | 1.13 | 1.36 | 1.59 | 1.81 | 2.04 | 2.27

@

[0

3) Alternative Method: To ensure that we will be able to
Using Table VI, we shall be able to plot a T-C curve usingplot the correct graph, let us reduce the number of columns
the 2013 version of Excel. Please note that, I have not testedin our selection. Select only up to column 0.8 as shown in
this method in any other Excel version, I could not tell if theFigure 7
steps or methodology will still be the same and workable. Using the method in Figure 7, will produce the graph we
1) Excel Table Selection: Select the range of cells as shownwanted as shown in Figure 8. You may ask how about the
in Figure 4. Do not include the c%’ else you will be gettinglast two (2) columns? We can add them manually using the
a different graph profile. following steps.
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Figure 7. Alternative Selection Method

Figure 10. Select Data Source

500 A CT Rating (Normal Inverse) Select Data Source @

o 1) Time, s Chart data range: | =Data!SFS5:5PS16] =5

0.05 0.1 0.2 025 03 0.4 05 0.6 0.7 0.8 0.9 1
is | 750 | oss | 17 | sas | a3 | sis | ess | 86 | 103 | 1208 | 1376 | 1507 | 110
> | w00 | os 1 501 | 251 | so1 | ao1 | sor | em | 702 | so2 | ooz | woos
3 1500 032 063 126 158 1.89 252 3.15 378 441 504 567 63 @ Sﬂlt(h Rnw}CnIumn
s | 200 | o025 | os 1 120 | 1a | 190 | 245 | 295 | 340 | 308 | a8 | com
s | 2500 | o021 | oss | oss | 1o | 128 | 1n | a1 | 2w s sa2 | sss | eos _ _ ] ’
5 so0 | oas 038 077 096 115 153 192 23 260 | sor sas 38 Legend Entries (Series) Horizantal (Category) Axis Labels
7 3500 018 035 071 038 106 141 176 212 247 282 317 353 + T
B B BT M T e Dea || B | Xgemore | - [ ]
9 4500 016 031 062 078 093 125 156 1.87 218 243 238 312 0.05 - 750 -
0 | 500 | o015 | os | 05 | o7a | oss | 115 | 1e0 | 178 | 208 | 238 | 2e7 | as7
20 | 10000 | om | oa5 | oas | o5 | oss | ooy | 115 | ase | 1m | 1m | z0s | 227 01 £|| 1000 3

0.2 1500
. . 0.25 2000
Figure 8. Correct Graph Plotting
03 ~| [2500 -
Chart Title
16
Figure 11. Edit Series 1
14
Edit Series Vertical (Value]
Series name:

4) Adding Last Two(2) Columns: Right-click on the plot
area. A context menu will appear ad shown in Figure 9.

Figure 9. Graph Context Menu

Delete

Reset to Match Style

Change Chart Type...

Save as Termplate...

il

Select Data...

[

14 Format Plot Area...

A Select Data Source form will appear as shown in Fig-
ure 10.

Notice that in Figure 10, the columns names appear on the
left. If you scroll the left column down, you will only see up
to column 0.8. Now click the Add button. A new dialog box
will appear as shown in Figure 11.

For column 0.9, fill-in the form using the values similar
to Figure 12. For column 1, fill-in the form using the values
similar to Figure 13.

If you have created your own worksheet, the cell locations
will be different. Do not get upset, the final result in Figure 14
will still be the same. I have made all the series of the graph
black for more visibility.

[

Series X values:

Select Range

Select Range

Series ¥ values:
=f} =1

[ ok

][ Cancel ]

Figure 12. Edit Series - Coloumn 0.9

Edit Series -2 |
Series name:
=Data!5Qs5| =09
Series X values:
=

=Data!$F$6:5F516 = 750, 1000, 150...
Series ¥ values:
=Data!$Q%6:5Q516 | =15.47,9.03, 5.

[ OK ][ Cancel ]

Figure 13. Edit Series - Column 1

Edit Series -2 |l
Series name:

=Data!SR55| BREl =1

Series X values:

=Data!$F$6:5F516 = 750, 1000, 150...

Series ¥ values:

=Data!SR$6:SRS516 =17.19,10.03, ...

[ OK ] [ Cancel

Now that the correct graph has been create, it is now time
to modify the graph into a log-log plot. T-C curves all are
plotted in a log-log graph.

The T-C curve in Figure 14 when plotted into a log-log
graph will become similar to Figure 15. Adjust the axes
maximum and minimum values to suit your requirement.

V. PLOTTING ACTUAL COORDINATION CURVES

This is the final part of the tutorial this tutorial. We will
apply the skills we have learned from the previous sections.
We shall be able to attain a complete relay coordination similar
to Figure 1.
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Figure 14. Plotted Graph With Complete Columns
£ P P TMS = 0.12

Chart Title Rating (In): 4000A (150A - referred to Primary)
Setting 1 : 604A @ 4Iy
Setting 2 : 905A @ 6ly

Motor Cable
Size : 185 mm? PVC/PVC
Motor Circuit Breaker
TMS = 0.1
o0 Rating (In): 800A (30A - referred to Primary)
Setting 1 : 483A @ 16ly
Setting 2 : 604A @ 20Iy
oo The utility time multiplier (TMS) is normally provided by
& the power provider. Then, we need to work below it else, our

protection is not time coordinated with the utility.

For the motor circuit breaker, we need to select a setting
wherein the value protection will not trip during motor starting
Figure 15. T-C Curves on Log-Log Graph which is ideally 6 times the full load motor current and it
should still be tripping below the secondary circuit breaker

500 A CT Rating (Normal Inverse)

o setting.

The damaged curve of the cables of the cables has been
included to show that these are correctly selected as their
curves are way above the protection setting of the utility.

10 Figure 16. Time-Current Coordination Curve
E. = Time-Current Curve (Normal Inverse)
" NSSS Uity N
\\::: R Motor Cable ————— Supply Cable
- & il
T r— _ Josoka|
™~ !
o1 [T § 0.165
o1 1 10 100 £
Current, kA = L -
. .y
010 1.12kA
. . 0.10s
To understand better the coordination curve, here are the - 0.91kA
parameters. Please note that all values are referred to the i P —
primary which is 11kV. /#

o1 1 10
Current, kA

Utility Supply 11kV

T™S : 0.2 . - .
Short Circuit Capacity : 7SMVA It is evident in Figure 16 that there are no overlapping of the

Protection Setting (Iy): 250A set @ Sly time—curr;nt curves from the utility down tq thg motor circuit.

Supply Cable From which we could conclude that the circuit breakers are
Size : 35 mm2 PVC/PVC properly coordinated. .

Primary Circuit Breaker As a ﬁnal'note, I have included an accompanying worksheet
T™MS - 0.16 Whlch conta.lns all the values 1.Jsed in this tutorial. All data used
Rating (In): 160A in the creation of the final time-current curve was b.ased on
Setting 1 : 800A @ 5Iy Sheet "Data”. The final plot can be seen on Sheet “Final”.

Setting 2 : 1120A @ 7y REFERENCES
Power Transformer

) [1] Silverio M. Pangonilo, Creating Coordination Curves
Rating: 2500 kVA with  Excel,  Available at https:/eeame.com/portal/tutorials/
Voltage: 11/0.415kV 110-creating-coordination-curves- with-excel.html, 2008.

I d - 6.25% [2] Silverio M. Pangonilo, Time-Current Curves with Excel
mpedance. ©. 0 Part 111, Available at https://eeame.com/portal/tutorials/
Secondary Circuit Breaker 111-time-current-curves-with-excel-ii.html, 2008.
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[3] I. Silverio M. Pangonilo, Creating Coordination Curves
with  Excel,  Available at  https://eeame.com/portal/tutorials/
110-creating-coordination-curves-with-excel.html, 2008.

[4] Silverio M. Pangonilo, Creating Coordination Curves
with  Excel,  Available at  https://eeame.com/portal/tutorials/
110-creating-coordination-curves-with-excel.html, 2008.
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Data



				Normal Inverse Curve 400A Setting						500 A CT Rating (Normal Inverse)

				I (A)		t (s)				I/IO		I (A)		Time, s

				600		2.75								0.05		0.1		0.2		0.25		0.3		0.4		0.5		0.6		0.7		0.8		0.9		1				0.05		0.1		0.2		0.25		0.3		0.4		0.5		0.6		0.7		0.8		0.9		1

				800		1.6				1.5		750		0.8597		1.7194		3.4388		4.2986		5.1583		6.8777		8.5971		10.3165		12.0360		13.7554		15.4748		17.1942				0.8597		1.7194		3.4388		4.2986		5.1583		6.8777		8.5971		10.3165		12.0360		13.7554		15.4748		17.1942

				1200		1.01				2		1000		0.5015		1.0029		2.0058		2.5073		3.0087		4.0116		5.0145		6.0174		7.0203		8.0232		9.0261		10.0290				0.5015		1.0029		2.0058		2.5073		3.0087		4.0116		5.0145		6.0174		7.0203		8.0232		9.0261		10.0290

				1600		0.8				3		1500		0.3151		0.6302		1.2604		1.5755		1.8906		2.5208		3.1510		3.7812		4.4114		5.0415		5.6717		6.3019				0.3151		0.6302		1.2604		1.5755		1.8906		2.5208		3.1510		3.7812		4.4114		5.0415		5.6717		6.3019

				1600		0.8				4		2000		0.2490		0.4980		0.9960		1.2449		1.4939		1.9919		2.4899		2.9879		3.4858		3.9838		4.4818		4.9798				0.2490		0.4980		0.9960		1.2449		1.4939		1.9919		2.4899		2.9879		3.4858		3.9838		4.4818		4.9798

				1600		0.14				5		2500		0.2140		0.4280		0.8559		1.0699		1.2839		1.7119		2.1399		2.5678		2.9958		3.4238		3.8517		4.2797				0.2140		0.4280		0.8559		1.0699		1.2839		1.7119		2.1399		2.5678		2.9958		3.4238		3.8517		4.2797

				4800		0.14				6		3000		0.1919		0.3837		0.7674		0.9593		1.1512		1.5349		1.9186		2.3023		2.6860		3.0698		3.4535		3.8372				0.1919		0.3837		0.7674		0.9593		1.1512		1.5349		1.9186		2.3023		2.6860		3.0698		3.4535		3.8372

				4800		0.1				7		3500		0.1764		0.3528		0.7055		0.8819		1.0583		1.4111		1.7639		2.1166		2.4694		2.8222		3.1750		3.5277				0.1764		0.3528		0.7055		0.8819		1.0583		1.4111		1.7639		2.1166		2.4694		2.8222		3.1750		3.5277

										8		4000		0.1648		0.3297		0.6594		0.8242		0.9890		1.3187		1.6484		1.9781		2.3077		2.6374		2.9671		3.2968				0.1648		0.3297		0.6594		0.8242		0.9890		1.3187		1.6484		1.9781		2.3077		2.6374		2.9671		3.2968

										9		4500		0.1558		0.3116		0.6233		0.7791		0.9349		1.2465		1.5582		1.8698		2.1814		2.4931		2.8047		3.1163				0.1558		0.3116		0.6233		0.7791		0.9349		1.2465		1.5582		1.8698		2.1814		2.4931		2.8047		3.1163

										10		5000		0.1485		0.2971		0.5941		0.7426		0.8912		1.1882		1.4853		1.7824		2.0794		2.3765		2.6735		2.9706				0.1485		0.2971		0.5941		0.7426		0.8912		1.1882		1.4853		1.7824		2.0794		2.3765		2.6735		2.9706

										20		10000		0.1134		0.2267		0.4535		0.5668		0.6802		0.9069		1.1337		1.3604		1.5871		1.8139		2.0406		2.2674				0.1134		0.2267		0.4535		0.5668		0.6802		0.9069		1.1337		1.3604		1.5871		1.8139		2.0406		2.2674

										FINAL GRAPH DATA

										Utility								Fault At Transformer Secondary

										I/IO		I (A)		TMS				SCA, A		Time, s

												250		0.2

										1.5		375		3.4388				1349.2254		0.0100

										2		500		2.0058				1349.2254		7.0000

										3		750		1.2604				1349.2254		10.0000

										4		1000		0.9960

										5		1250		0.8559

										Utility LT

										1		1250		0.8559

										2		1250		0.0100



										Pri CB								Sec CB								Motor CB

										I/IO		I (A)		TMS				I/IO		I (A)		TMS				I/IO		I (A)		TMS

												160		0.16						150.9		0.12						30.2		0.1

										1.5		240		2.7511				1.5		226.4		2.0633				1.5		45.3		1.7194

										2		320		1.6046				2		301.8		1.2035				2		60.4		1.0029

										3		480		1.0083				3		452.7		0.7562				3		90.5		0.6302

										4		640		0.7968				4		603.6		0.5976				4		120.7		0.4980

										5		800		0.6848												5		150.9		0.4280

										Primary CB STPU								Sec CB STPU								6		181.1		0.3837

										1		800		0.6848				1		603.6		0.5976				7		211.3		0.3528

										2		800		0.1600				2		603.6		0.1200				8		241.5		0.3297

										Primary CB STDPU								Sec CB STDPU								9		271.6		0.3116

										1		800		0.1600				1		603.6		0.1200				10		301.8		0.2971

										2		1120		0.1600				2		905.5		0.1200				16		482.9		0.2455

										Primary CB Inst								Sec CB Inst								Motor CB STPU

										1		1120		0.1600				1		905.5		0.1200				1		482.9		0.2455

										2		1120		0.0100				2		905.5		0.0100				2		482.9		0.1000

																										Motor CB STDPU

																										1		482.9		0.1000

										Supply Cable						Motor Cable										2		603.6		0.1000

										50050		0.01				10004.80		0.01								Motor CB Inst

										2238		5				446.35		5								1		603.6		0.1000

										1582.5		10				315.62		10								2		603.6		0.0100





Final



Time-Current Curve (Normal Inverse)



Utility	



375	500	750	1000	1250	3.4388437690112861	2.0058054040093745	1.2603861854385208	0.99595122153027948	0.85594401418907484	Fault At Transformer Secondary	



1349.2254215237606	1349.2254215237606	1349.2254215237606	0.01	7	10	Utility LT	

1250	1250	0.85594401418907484	0.01	Pri CB	



240	320	480	640	800	2.7510750152090289	1.6046443232074996	1.0083089483508165	0.79676097722422357	0.68475521135125994	Primary CB STPU	



800	800	0.68475521135125994	0.16	Primary CB STDPU	



800	1120	0.16	0.16	Primary CB Inst	1120	1120	0.16	0.01	Sec CB	





226.36363636363637	301.81818181818181	452.72727272727275	603.63636363636363	2.0633062614067716	1.2034832424056245	0.75623171126311239	0.59757073291816765	Sec CB STPU	603.63636363636363	603.63636363636363	0.59757073291816765	0.12	Sec CB STDPU	



603.63636363636363	905.4545454545455	0.12	0.12	Sec CB Inst	



905.4545454545455	905.4545454545455	0.12	0.01	Supply Cable	



50050	2238	1582.5	0.01	5	10	Motor Cable	



10004.799999999999	446.35270932862096	315.61902756725561	0.01	5	10	Motor CB	



45.272727272727273	60.363636363636367	90.545454545454547	120.72727272727273	150.90909090909091	181.09090909090909	211.27272727272728	241.45454545454547	271.63636363636363	301.81818181818181	482.90909090909093	1.719421884505643	1.0029027020046872	0.63019309271926038	0.49797561076513974	0.42797200709453742	0.38371924541205082	0.35277424308282879	0.3296773617780846	0.31163499624284569	0.29705986241884158	0.24553632257721866	Motor CB STPU	



482.90909090909093	482.90909090909093	0.24553632257721866	0.1	Motor CB STDPU	



482.90909090909093	603.63636363636363	0.1	0.1	Motor CB Inst	



603.63636363636363	603.63636363636363	0.1	0.01	Current, kA





Time, s









500A CT NI





0.05	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	0.85971094225282152	0.50145135100234361	0.31509654635963019	0.24898780538256987	0.21398600354726871	0.19185962270602541	0.17638712154141439	0.1648386808890423	0.15581749812142284	0.14852993120942079	0.11336781836235324	0.1	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	1.719421884505643	1.0029027020046872	0.63019309271926038	0.49797561076513974	0.42797200709453742	0.38371924541205082	0.35277424308282879	0.3296773617780846	0.31163499624284569	0.29705986241884158	0.22673563672470648	0.2	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	3.4388437690112861	2.0058054040093745	1.2603861854385208	0.99595122153027948	0.85594401418907484	0.76743849082410165	0.70554848616565757	0.6593547235561692	0.62326999248569137	0.59411972483768316	0.45347127344941296	0.25	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	4.2985547112641074	2.507256755011718	1.5754827317981508	1.2449390269128493	1.0699300177363436	0.95929811353012695	0.88193560770707191	0.82419340444521139	0.77908749060711413	0.74264965604710387	0.56683909181176617	0.3	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	5.1582656535169287	3.0087081060140615	1.8905792781577808	1.4939268322954191	1.2839160212836123	1.1511577362361523	1.0583227292484862	0.98903208533425357	0.93490498872853689	0.89117958725652457	0.68020691017411938	0.4	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	6.8776875380225722	4.0116108080187489	2.5207723708770415	1.991902443060559	1.7118880283781497	1.5348769816482033	1.4110969723313151	1.3187094471123384	1.2465399849713827	1.1882394496753663	0.90694254689882592	0.5	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	8.5971094225282148	5.0145135100234359	3.1509654635963016	2.4898780538256986	2.1398600354726871	1.9185962270602539	1.7638712154141438	1.6483868088904228	1.5581749812142283	1.4852993120942077	1.1336781836235323	0.6	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	10.316531307033857	6.0174162120281229	3.7811585563155616	2.9878536645908382	2.5678320425672245	2.3023154724723045	2.1166454584969725	1.9780641706685071	1.8698099774570738	1.7823591745130491	1.3604138203482388	0.7	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	12.0359531915395	7.0203189140328099	4.4113516490348221	3.4858292753559779	2.9958040496617619	2.6860347178843553	2.4694197015798012	2.3077415324465917	2.1814449736999193	2.0794190369318906	1.5871494570729452	0.8	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	13.755375076045144	8.0232216160374978	5.0415447417540831	3.9838048861211179	3.4237760567562994	3.0697539632964066	2.8221939446626303	2.6374188942246768	2.4930799699427655	2.3764788993507326	1.8138850937976518	0.9	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	15.474796960550787	9.0261243180421857	5.6717378344733431	4.481780496886258	3.8517480638508368	3.453473208708457	3.174968187745459	2.9670962560027609	2.8047149661856108	2.6735387617695738	2.0406207305223583	1	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	17.19421884505643	10.029027020046872	6.3019309271926032	4.9797561076513972	4.2797200709453742	3.8371924541205078	3.5277424308282876	3.2967736177808455	3.1163499624284565	2.9705986241884155	2.2673563672470647	









500A CT NI (2)



500 A CT Rating (Normal Inverse)



0.05	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	0.85971094225282152	0.50145135100234361	0.31509654635963019	0.24898780538256987	0.21398600354726871	0.19185962270602541	0.17638712154141439	0.1648386808890423	0.15581749812142284	0.14852993120942079	0.11336781836235324	0.1	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	1.719421884505643	1.0029027020046872	0.63019309271926038	0.49797561076513974	0.42797200709453742	0.38371924541205082	0.35277424308282879	0.3296773617780846	0.31163499624284569	0.29705986241884158	0.22673563672470648	0.2	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	3.4388437690112861	2.0058054040093745	1.2603861854385208	0.99595122153027948	0.85594401418907484	0.76743849082410165	0.70554848616565757	0.6593547235561692	0.62326999248569137	0.59411972483768316	0.45347127344941296	0.25	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	4.2985547112641074	2.507256755011718	1.5754827317981508	1.2449390269128493	1.0699300177363436	0.95929811353012695	0.88193560770707191	0.82419340444521139	0.77908749060711413	0.74264965604710387	0.56683909181176617	0.3	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	5.1582656535169287	3.0087081060140615	1.8905792781577808	1.4939268322954191	1.2839160212836123	1.1511577362361523	1.0583227292484862	0.98903208533425357	0.93490498872853689	0.89117958725652457	0.68020691017411938	0.4	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	6.8776875380225722	4.0116108080187489	2.5207723708770415	1.991902443060559	1.7118880283781497	1.5348769816482033	1.4110969723313151	1.3187094471123384	1.2465399849713827	1.1882394496753663	0.90694254689882592	0.5	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	8.5971094225282148	5.0145135100234359	3.1509654635963016	2.4898780538256986	2.1398600354726871	1.9185962270602539	1.7638712154141438	1.6483868088904228	1.5581749812142283	1.4852993120942077	1.1336781836235323	0.6	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	10.316531307033857	6.0174162120281229	3.7811585563155616	2.9878536645908382	2.5678320425672245	2.3023154724723045	2.1166454584969725	1.9780641706685071	1.8698099774570738	1.7823591745130491	1.3604138203482388	0.7	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	12.0359531915395	7.0203189140328099	4.4113516490348221	3.4858292753559779	2.9958040496617619	2.6860347178843553	2.4694197015798012	2.3077415324465917	2.1814449736999193	2.0794190369318906	1.5871494570729452	0.8	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	13.755375076045144	8.0232216160374978	5.0415447417540831	3.9838048861211179	3.4237760567562994	3.0697539632964066	2.8221939446626303	2.6374188942246768	2.4930799699427655	2.3764788993507326	1.8138850937976518	0.9	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	15.474796960550787	9.0261243180421857	5.6717378344733431	4.481780496886258	3.8517480638508368	3.453473208708457	3.174968187745459	2.9670962560027609	2.8047149661856108	2.6735387617695738	2.0406207305223583	1	750	1000	1500	2000	2500	3000	3500	4000	4500	5000	10000	17.19421884505643	10.029027020046872	6.3019309271926032	4.9797561076513972	4.2797200709453742	3.8371924541205078	3.5277424308282876	3.2967736177808455	3.1163499624284565	2.9705986241884155	2.2673563672470647	Current, kA





Time, s









Prelim



Time-Current Curve (Normal Inverse)



Utility	375	500	750	1000	1250	3.4388437690112861	2.0058054040093745	1.2603861854385208	0.99595122153027948	0.85594401418907484	Fault At Transformer Secondary	1349.2254215237606	1349.2254215237606	1349.2254215237606	0.01	7	10	Utility LT	1250	1250	0.85594401418907484	0.01	Pri CB	240	320	480	640	800	2.7510750152090289	1.6046443232074996	1.0083089483508165	0.79676097722422357	0.68475521135125994	Primary CB STPU	800	800	0.68475521135125994	0.16	Primary CB STDPU	800	1120	0.16	0.16	Primary CB Inst	1120	1120	0.16	0.01	Sec CB	226.36363636363637	301.81818181818181	452.72727272727275	603.63636363636363	2.0633062614067716	1.2034832424056245	0.75623171126311239	0.59757073291816765	Sec CB STPU	603.63636363636363	603.63636363636363	0.59757073291816765	0.12	Sec CB STDPU	603.63636363636363	905.4545454545455	0.12	0.12	Sec CB Inst	905.4545454545455	905.4545454545455	0.12	0.01	Supply Cable	50050	2238	1582.5	0.01	5	10	Motor Cable	10004.799999999999	446.35270932862096	315.61902756725561	0.01	5	10	Current, kA





Time, s









Chart3





750	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.85971094225282152	1.719421884505643	3.4388437690112861	4.2985547112641074	5.1582656535169287	6.8776875380225722	8.5971094225282148	10.316531307033857	12.0359531915395	13.755375076045144	15.474796960550787	17.19421884505643	1000	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.50145135100234361	1.0029027020046872	2.0058054040093745	2.507256755011718	3.0087081060140615	4.0116108080187489	5.0145135100234359	6.0174162120281229	7.0203189140328099	8.0232216160374978	9.0261243180421857	10.029027020046872	1500	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.31509654635963019	0.63019309271926038	1.2603861854385208	1.5754827317981508	1.8905792781577808	2.5207723708770415	3.1509654635963016	3.7811585563155616	4.4113516490348221	5.0415447417540831	5.6717378344733431	6.3019309271926032	2000	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.24898780538256987	0.49797561076513974	0.99595122153027948	1.2449390269128493	1.4939268322954191	1.991902443060559	2.4898780538256986	2.9878536645908382	3.4858292753559779	3.9838048861211179	4.481780496886258	4.9797561076513972	2500	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.21398600354726871	0.42797200709453742	0.85594401418907484	1.0699300177363436	1.2839160212836123	1.7118880283781497	2.1398600354726871	2.5678320425672245	2.9958040496617619	3.4237760567562994	3.8517480638508368	4.2797200709453742	3000	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.19185962270602541	0.38371924541205082	0.76743849082410165	0.95929811353012695	1.1511577362361523	1.5348769816482033	1.9185962270602539	2.3023154724723045	2.6860347178843553	3.0697539632964066	3.453473208708457	3.8371924541205078	3500	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.17638712154141439	0.35277424308282879	0.70554848616565757	0.88193560770707191	1.0583227292484862	1.4110969723313151	1.7638712154141438	2.1166454584969725	2.4694197015798012	2.8221939446626303	3.174968187745459	3.5277424308282876	4000	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.1648386808890423	0.3296773617780846	0.6593547235561692	0.82419340444521139	0.98903208533425357	1.3187094471123384	1.6483868088904228	1.9780641706685071	2.3077415324465917	2.6374188942246768	2.9670962560027609	3.2967736177808455	4500	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.15581749812142284	0.31163499624284569	0.62326999248569137	0.77908749060711413	0.93490498872853689	1.2465399849713827	1.5581749812142283	1.8698099774570738	2.1814449736999193	2.4930799699427655	2.8047149661856108	3.1163499624284565	5000	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.14852993120942079	0.29705986241884158	0.59411972483768316	0.74264965604710387	0.89117958725652457	1.1882394496753663	1.4852993120942077	1.7823591745130491	2.0794190369318906	2.3764788993507326	2.6735387617695738	2.9705986241884155	10000	0.05	0.1	0.2	0.25	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.11336781836235324	0.22673563672470648	0.45347127344941296	0.56683909181176617	0.68020691017411938	0.90694254689882592	1.1336781836235323	1.3604138203482388	1.5871494570729452	1.8138850937976518	2.0406207305223583	2.2673563672470647	









Figure1



Normal Inverse 400A



600	800	1200	1600	1600	1600	4800	4800	2.75	1.6	1.01	0.8	0.8	0.14000000000000001	0.14000000000000001	0.1	Current, A





Time, s









Figure2



Normal Inverse 400A



600	800	1200	1600	2.75	1.6	1.01	0.8	1600	1600	0.8	0.14000000000000001	1600	4800	1600	4800	0.14000000000000001	0.14000000000000001	4800	4800	4800	4800	0.14000000000000001	0.1	Current, A





Time, s









TMS

																																																				Fault Calculations

																																																										Utility

																																																										Voltage		11		kV

																																																										SC MVA		75		MVA

																																																										SC A		3936.4791081111		A

																																																										Utility CB

																																																										Rating		250		A

																																																										Setting		1250		A (5xIn)

																														k		alpha																										TMS		0.2		s

																												A		0.14		0.02																				11kV						Supply Cable

																												B		13.5		1																										Size		35		mm² PVC		Imped.		0.0687		ohm

																												C		80		2																										Resist.		0.675		ohm, 90deg		SC MVA		1,761.21		MVA

																																																										React.		0.128		ohm (60Hz)

																																																										Length		100		m

																																																				11kV						Primary CB														Fault Location 1

																																																										TMS		0.16		s		Setting 1		800		A (5xIn)				SC MVA		=		71.9366187245		MVA

																														TMS		kV		SC MVA		Rating		Setting, A		* In				SCA, kA														Rating		160		A		Setting 2		1,120		A (7xIn)				SC A		=		3775.693289564		A

																												Utility		0.2		11		75				250		5		1250		3936.4791081111														Transformer

																												Supply Cable								35 mm² PVC/PVC																						KVA		2500				SC MVA		40		MVA

																										Utility Supply (0.2 time multiplier)		Primary CB																														%Z		0.0625

																										Voltage : 11kV		Setting 1		0.16						160		800		5		4000																Pri V		11		kV		Sec V		0.415		kV

																										SC Capacity : 75MVA		Setting 2		0.16						160		1120		7		7840

																										Protection: 250A set @ 5IN		Power Transformer																														Secondary CB								At 0.415 KV

																												KVA								2500																						TMS		0.12		s		Setting 1		16,000		A (4xIn)		603.6363636364

																										Supply Cable		%Z								6.25%																						Rating		4000		A		Setting 2		24,000		A (6xIn)		905.4545454545		Fault Location 2				At 11kv		At 415V

																										Size : 35 mm2 PVC/PVC		Pri V								11																0.415kV																				SC MVA		=		25.7061967904		MVA

																												Sec V								0.415																						Motor CB														SC A		=		1349.2254215238		35762.6015343647		A

																										Primary Circuit Breaker (0.16 time multiplier)		Secondary CB																														TMS		0.1		s		Setting 1		12,800		A (16xIn)		482.91

																										Rating : 160A		Setting 1		0.12						4000		604		4		2416																Rating		800		A		Setting 2		16,000		A (20xIn)		603.64

																										Setting 1 : 800A @ 5IN		Setting 2		0.12						4000		905		6		5430

																										Setting 2 : 1120A @ 7IN		Motor  Cable								185 mm² PVC/PVC																						Supply Cable

																												Motor CB																														Size		185		mm² PVC		Imped.		0.00841		ohm

																										Power Transformer		Setting 1		0.1						800		483		16		7728																Resist.		0.128		ohm/km, 90deg		SC MVA		1.71304		MVA

																										Rating: 2500 kVA, 11/0.415kV, 6.25%Z		Setting 2		0.1						800		604		20		12080																React.		0.109		ohm (60Hz)										Fault Location 3				At 11kv		At 415V

																																																				0.415kV						Length		50		m										SC MVA		=		1.6060180726		MVA

																										Secondary Circuit Breaker (0.12 time multiplier)																																														SC A		=		84.2940878675		2234.3011241996		A

																										Rating : 4000A (150A - referred to Primary)

																										Setting 1 : 604A @ 4IN

																										Setting 2 : 905A @ 6IN

																										Motor Cable

																										Size : 185 mm2 PVC/PVC																										t = 0.0297 log10 [(T2+234) / (T1+234)] (A/I)2 (1)

																										Motor Circuit Breaker (0.1 time multiplier)																										T1 =		20

																										Rating : 800A (30A - referred to Primary)																										T2 =		90

																										Setting 1 : 483A @ 16IN																										t =

																										Setting 2 : 604A @ 20IN

																												Short Circuit Withstand (3Æ Fault):

																												I"k		=		2.238		kA				(From Short Circuit Calculations result)

																												t		=		0.01		s				(Fault clearing time £ 5s)

																												K		=		143						(143 for Copper conductors PVC Insulated)



																												S		=		Ö[(I"k x 1000)2t]/K						=		1.57				mm2		(Minimum cable size to withstand short circuit)



																												size		35		0.01

																												I"k		=		50050

																																10

																																50050

																														83658.0554997545		0.1

																														11831.0356689514		5

																														8365.8055499755		10



M



Cable Data Reference

		Note: These data are based on a cable manufacturer's datasheet. Refer to your cable manufacturer for more information.



		Cable Data (PVC Insulated Cables Only)

		Item		Cross section core, mm²		Cross section screen, mm²		Max. conductor resistance at 20°C, Ohm/km		Max. conductor resistance at 90°C, Ohm/km		Reactance at 50Hz, Ohm/km		Reactance at 60Hz, Ohm/km		Current rating IEC, Ampere		Short circuit rating 1second, Ampere

		1		16		2.5		1.16		1.48		0.116		0.14		96		2240

		2		25		4		0.734		0.936		0.11		0.132		127		3500

		3		35		6		0.529		0.675		0.106		0.128		157		4900

		4		50		6		0.391		0.499		0.104		0.125		196		7000

		5		70		6		0.27		0.344		0.099		0.119		242		9800

		6		95		10		0.195		0.249		0.097		0.116		293		13300

		7		120		10		0.154		0.196		0.094		0.113		339		16800

		8		150		10		0.126		0.161		0.092		0.111		389		21000

		9		185		10		0.1		0.128		0.091		0.109		444		25900

		10		240		16		0.0762		0.0972		0.089		0.107		522		33600

		11		300		16		0.0607		0.0774		0.087		0.105		601		42000



		Temperature Correction Factor								Frequency				Parallell Conductors

										50				1

		Item		Temp, Deg C		Factor				60				2

		1		35		1.1								3

		2		40		1.05								4

		3		45		1								5

		4		50		0.94

		5		55		0.88

		6		60		0.82

		7		65		0.74

		8		70		0.67

		9		75		0.58

		10		80		0.47



		Below this line are References Only

				IEC 60364-5-54

				Table 54B		Values for K for insulated protective conductors not incorporated in cables

								PVC		XLPE		EPR		Butyl Rubber						Final Temp

				Final Temperature, degC				160		250		250		220				1		PVC		160

		1		Copper				143		176		176		166				2		XLPE		250

		2		Aluminium				95		116		116		110				3		EPR		250

		3		Steel				52		64		64		60				4		Butyl Rubber		220
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