Thermal Performance of Low
Voltage Network Switchgear
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Motivation

e Underground network for reliability and public safety

* Design challenges arise for thermal performance
* Limited convection
* Insulation material
 Temperature limit
e Standards

* Laboratory testing to gain understanding of thermal
issues

 Thermal modelling
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U-Pillar Laboratory Testing
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U-P1llar Laboratory Testing
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Test Settings:

- Insulation Jacket
- Above ground

- Underground



U-P1llar Laboratory Testing

AC Q F1 Q F2 Q F3 gu

Series Connection
Using transformer as an inductive load
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U-P1llar Laboratory Testing
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Switchgear Standards:
IEC 60439-1 AS/NZS 3439.1:2002
Low-voltage switchgear and control gear assembly
Part 1: Type-tested and partially type-tested assemblies

Section 7.3 Temperature rise
Table 2 - Temperature Rise Limit

Test sample passes the test if it meets the criteria in Section 7.3 and Table 2
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U-P1llar Laboratory Testing

Fuse Above External Approx Incomer Feeder
Box size rating, Number Fuse Short ground/ insulation cable cable size cable size
Test (mm) Equipment type current (A) of Fuses connection link inground medium length(m) (mma2) (mm?2)
Insulation

1 550x250 Fuse holders 100 6 Series Y Above jacket 3 25 25
2 550x250 Fuse holders 100 6 Series Y Above Air 3 25 25
3 550x250 Fuse holders 100 3 Series Y Above Air 3 25 25
4 550x250 Disconnectin sealed box 160 3 Series Y Above Air 3 35 35
5 550x250 Disconnect 160 3 Series Y Above Air 3 35 35
6 550x250 Disconnect 160 3 Series Y Above Air 3 35 35
7 550x250 Disconnect 160 3 Series N Above Air 7 35 35
8 250x250 Fuse holders 100 3 Series Y Above Air 3 35 35
9 250x 250 Disconnect 160 3 Series Y Above Air 7 35 35
10 250x 250 Disconnect 250 3 Series N Above Air 7 95 95
11 250x 250 Disconnect 160 3 Series N Inground Soil 7 35 35
12 250x 250 Disconnect 160 3 Series N Inground Soil 7 35 35



U-P1llar Laboratory Testing
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Duration
4 hours
8 hours
3 hours
3 hours
5 hours
1.5 hours
1.5 hours
3 hours
1.5 hours
8 hours
1.5 hours
5.5 hours

Final fuse

temp (°C)
92.3
99.8
73.1
133.6
160.0
89.4
119.4
97.0
109.5
41.8
120.2
160.1

Final lid temp

(°C)
34.1
40.3
40.1
39.6
35.5
17.8
16.4
31.7
27.7
33.7
17.0
41.7
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Test is stopped if the
temperature is too high

The equilibrium
temperature is not
reached for most of the
test

Equilibrium point can
be extrapolated



U-P1llar Laboratory Testing
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e Findings from the first test

» Testing in series is unrealistic (too
onerous), due to the heat
generated in the extra short links

e Testing in an insulation jacket or in
air is also unrealistic, due to lack of
conduction to the soil

* The cable size is a major
contributor to heat transfer

 Competitor set up is not a good
ideal
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Heat Transfer Modelling

POWER ENGINEERING

* Heat Production of the fuse:
Pf = TlVfIf
* Heat Production of the cable:
The skin depth of the copper is 9.266mm, if the cable area is less than
270mm2, R, = R,
P. = IR, L
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Heat Transfer Modelling
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Test 1 Fuse Holder Temperature response

120 - T=Teo(1—- e_K(t_tO))
100 S - Parameter ID using Excel
3 50 - Estimation is reasonable
Q
‘E 60 - remperature Measured - GOOd enough eXtrapOIatlon
é 40 model
q’ . . .
. = Predicted Temperature - Using estimated equation
from Estimated .
. Equation from solver to predict the
T AN 88 S R RS N A MR AN R AR NI SG3 equilibriumtemperature
OO0 dd N AN AN OO ST IT TN OO ONMNOOOOOLOO OO O
HNMTNON g NI EREa S INERERE

Time (Seconds)

0k/09/201k



Heat Transfer Modelling

POWER ENGINEERING
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Heat Transfer Modelling

 Composed Wall Analysis

0
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Heat Transfer Modelling
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e x-direction thermal equivalent circuit

Ambient . . . . Fuse . . . . Ambient
Temperature Soil Pillar Casing Air Bell/Stand Temperature Bell/Stand Air Pillar Casing Soil Temperature



Heat Transfer Modelling
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e Conduction Thermal Resistance: L =thickness of the wall
R, 4= TIs2—Tsq1 _ L
,con - -
q fed « A=Area

* Convection Thermal Resistance:

T 1 * k=thermal conductivity of the

Rt,conv = q ha material
e Radiation Thermal Resistance: * h =convection constant
R _ TS_TOO _ 1
trad — - . L.
q hrA * h, = Radiation Constant:

h, = e0(T; — To,)(TE—T2)
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Heat Transfer Modelling
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Heat Transfer Modelling

HAMER
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Heat Transfer Modelling
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e z-direction thermal
equivalent circuit
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Heat Transfer Modelling
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* Overall thermal resistivity

1
Reym = 1 1 1
Rx T Ry TRz

* Heat transfer through convection on the cable surface (worst case scenario)

qgable = E hrrL

* Total Rate of heat transfer

" . Tfuse _ Tambient
Atotal = R + Qcable
sum
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Heat Transfer Modelling

POWER ENGINEERING

* The heat transfer rate is approximately equal to heat production rate

* The test results indicated that excessive temperatures could occur in some
configurations, especially after three hours with full load

* This information was used to determine changes to the materials, dimensions and cable
sizes for the new U-Pillar product
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Equilibrium Temperature
Estimation
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Equilibrium Temperature
Estimation

e Similar composed wall analysis

* Symmetrical design, same equivalent circuit for x and y direction

Ambient
Temperature
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Equilibrium Temperature
Estimation

» zdirection equivalent circuit
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Equilibrium Temperature
Estimation

* Total heat production:
Py = Pegpre + Pfuse

 The temperature difference between ambient to fuse:

AT = B
= &

* The fuse temperature can then be calculated as:

Tfuse = Tambient + AT
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U-P1llar Laboratory Testing
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Test
13
14
15

16
17
13
14

Box size (mm)
(depth 600)

300 x 300
300 x 300
300 x 300

300 x 300
300 x 300
300 x 300
300 x 300
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Equipment type
Fuse holders
Fuse holders
Fuse holders

Fuse holders
Fuse holders
Fuse holders
Fuse holders

Fuse rating,
current (A)

100
63
100

160
160
100
63

Number of
Fuses

3
6
4

a W w w

External
Above thermal
Fuse ground / in insulation Approx cable
connection Short linkground medium length (m)
Parallel N Underground Soil 9
Parallel Y Underground Soil 9
Parallel Y Underground Soil 9
Parallel N Underground Soil 10.5
Parallel N Underground Soil 10.5
Parallel N Underground Soil 9
Parallel Y Underground Soil 9



U-P1llar Laboratory Testing

Test
13
14
15
16
17
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Second thermal test to check the estimation

Final fuse temp Final lid temp Predict fuse Error of
Result Duration (°C) (°C) temp (°C) prediction(°C)
Completed, passed 8 hours 91.8 44.8 105.8 14.0
Completed, passed 8 hours 88.8 47.8 91.5 2.7
Completed, passed 8 hours 107.3 53.9 96.0 -11.3
Operation error 8 hours 128.1 42.2 - -
Completed, passed 8 hours 87.3 47.6 89.9 -2.6
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Equilibrium Temperature
Estimation

* The fuses are arranged in parallel for the second test
* There are several main circuits in the switchgear assembly, so Diversity Factor (in
Section 4.7 AS/NZS3439.1

0k/09/201k

Table 1 — Values of rated diversity factor

Number of main circuits

Rated diversity factor

2and3 0,9
4and 5 0.8
6 to 9 inclusive 0,7
10 (and above) 0.6

HAMER
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Equilibrium Temperature
Estimation

 The new U-Pillar is likely to pass the test when Diversity Factor is applied

Incomer Cable Feeder Cable Predicted Fuse Temp
Current with
Test Diversity = Number Cross Section Cross Section Diversity Factor
Current Factor of Fuses (mm?2) Length (m) (mm2) Length (m) At Test Current Temp rise
160 144 3 50 11 50 11 100.2 69.6
100 90 3 25 9 16 19 95.2 63.9
100 80 4 25 12 16 25 96.0 54.0
60 44 6 25 9 16 9 91.5 49.9

0k/09/201k



Equilibrium Temperature
Estimation

* +15 degrees accuracy for fuse temperature

* Error can come from:

Resistance of the fuse increases over time (as its temperature increases)
Cable length and U-Pillar dimensions are approximate

The cable provides a parallel means of heat transfer by conduction, which was
not accounted for in the model

Test data never reached true equilibrium, extrapolated temperature is used
Assume 20 degrees ambient temperature

Other factors contribute to heat transfer

e This is accurate enough for application
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Conclusion

POWER ENGINEERING

* Testing in the laboratory is critical to understanding the thermal performance of
underground LV switchgear

e Cable sizing is an important determinant of the thermal performance of underground
LV switchgear

* A heat transfer model was developed that allows the temperature rises in LV
switchgear to be estimated reasonably accurately

 The model enables designers to make informed choices about switchgear
configuration and design parameters
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Ruestions
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e Thank you for your attention!
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Table 8 — Test copper conductors for test currents up to 400 A inclusive

Range of test current Conductor size ¥
A mm? AWG/MCM
1] ] 1,0 18
8 12 1,5 16
12 15 2.5 14
15 20 2,5 12
20 25 4.0 10
25 az 6.0 10
3z 50 10 -]
50 65 16 =]
65 85 25 4
85 100 s 3
100 115 35 2
115 130 50 1
130 150 50 ]
150 175 70 0o
175 200 95 000
200 225 95 0ooo
225 250 120 250
250 275 150 300
275 300 185 350
300 350 185 400
350 400 240 500

The value of the test current shall be greater than the first value in the first column and less
than or equal to the second value in that column.

For convenience of testing and with the manufacturer’s consent, smaller conductors than those
given for a stated test current may be used.

Either of the two conductors specified for a given test current range may be used.




