











The cause? Thermal runaway!
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The cause? Thermal runaway!
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Thermal runaway can generate a
Megawatt of power, which is
enough to melt 1 kg of copper in
200 milliseconds.
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Any progress in 21 years?

Yes! Continuous 24x7 Thermal Monitoring

New IR sensor technology consisting of small, almost entirely plastic, makes it possible to

monitor continuously inside the cabinets.

[ -cro.e EXERGEN .
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Can we stop thermal runaway?

Yes!
with Continuous 24x7 Thermal Monitoring

[ -cro.e EXERGEN

SYSTEMS DIVISION

13



The Next Technology
Step...

Q 24x7 365 days a year
INSIDE the panel
I (IR) Non-contact
Self-powered
@ Real-time data

n’ Data integrated to BMS

SYSTEMS DIVISION

&

SN S EF

Alarm capability

Trend analysis

Increased Safety

Thermal Mapping

Lifetime Calibration
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What is Thermal Mapping...?

Load — Thermal
data — map

Applying: Dissipated Power=I’R =
Risk Threshold = c(Delta T)/(Load?)
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What is Delta T and why is it important?
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What is Delta T and why is it important?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

1. Power dissipated through any resistance R in an electrical system always flows to the
ambient surroundings as heat.
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What is Delta T and why is it important?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

1. Power dissipated through any resistance R in an electrical system always flows to the

ambient surroundings as heat.
2. The heat flow quantity is proportional to the temperature difference between the

electrical component T and its ambient temperature T, (Newton’s Law of Cooling).
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What is Delta T and why is it important?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

1. Power dissipated through any resistance R in an electrical system always flows to the
ambient surroundings as heat.

2. The heat flow quantity is proportional to the temperature difference between the
electrical component T and its ambient temperature T, (Newton’s Law of Cooling).

3. Since the dissipated power is only dependent on the current I and resistance R, the
conductor temperature T will increase to whatever is necessary to dissipate the
power as heat to the ambient.
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How do we use the load data?

SYSTEMS DIVISION
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How do we use the load data?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

4. The resistance R represents the quality status of the connection.

SYSTEMS DIVISION
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How do we use the load data?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

4. The resistance R represents the quality status of the connection.
5. Dissipated power is converted to heat at a rate proportional to the resistance R and
the square of the load /.
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How do we use the load data?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

4. The resistance R represents the quality status of the connection.

5. Dissipated power is converted to heat at a rate proportional to the resistance R and
the square of the load /.

6. Therefore AT is proportional to the square of the load at constant R.

SYSTEMS DIVISION




How do we use the load data?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

4. The resistance R represents the quality status of the connection.

5. Dissipated power is converted to heat at a rate proportional to the resistance R and
the square of the load /.

6. Therefore AT is proportional to the square of the load at constant R.

7. Accordingly the quality status of the connection cannot be assessed unless the load
is known.

SYSTEMS DIVISION




How do we use the load data?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

7. Accordingly the quality status of the connection cannot be assessed unless the load
is known.
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How do we use the load data?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

7. Accordingly the quality status of the connection cannot be assessed unless the load
is known.

8. Standard practice for thermal imaging surveys has been to conduct the survey when
operating at 40% load or greater.
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How do we use the load data?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

7. Accordingly the quality status of the connection cannot be assessed unless the load
is known.

8. Standard practice for thermal imaging surveys has been to conduct the survey when
operating at 40% load or greater.

9. The difference in AT between 40% load and 100% load is 625%!
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How do we use the load data?

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

7. Accordingly the quality status of the connection cannot be assessed unless the load
is known.

8. Standard practice for thermal imaging surveys has been to conduct the survey when
operating at 40% load or greater.

9. The difference in AT between 40% load and 100% load is 625%!

10. AT =40°C at 40% load becomes AT = 250°C, which is a complete failure and
probable explosion!
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How is thermal runaway
related to risk threshold?

oo ThermalRunaway
>100°C ,
'I
,l
’l

™
AT

e

—-_’

~40°C

Investigate

Time >
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How hot is too hot?

' 100° ¢

UL 891 Max Allowance
I Temp Rise Above Ambient

Mandatory
Investigation

Red

20 °c

Yellow | - Cautionary

10 cC

Green l Generally O.K
0

\_/OC

Scale Exergen developed about 25 years ago
with Factory Mutual insurance company.

I:! E ! I - Group 30
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Implementing the load data.

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

11. Risk Thresholds and AT require adjustments due to load.
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Implementing the load data.

Dissipated Power
= I’R
=¢(T-T,)
= ¢(AT)

Then, AT = I’R/c

And, R = c(AT)/P

11. Risk Thresholds and AT require adjustments due to load.

12. If the Risk Threshold for investigation is set at AT = 40°C at 100% load, then the Risk
Threshold becomes AT = 40°C *(40/100)? = 6.4°C at 40% load.
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** The combined data provides the Delta T value
for any given load

*¢* This new predictive tool will identify a
potential problem at a very early stage of
development

o If the Delta T moves from that value it is
indicative of a problem
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Thermal Mapping
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Importance of 24x7 Thermal Monitoring...

.

20%

Due to increase in
accurate data,

& reduced
downtime

LIFE EXPECTANCY

better maintenance

J

(" Y4 N\
INCREASED EXTEND
DEVICE CONVENTIONAL
RELIABILITY & INTERVENTION

MAINTENANCE

2-3yrs

Thus achieving
downtime savings -
thermal monitoring

self financing in

short time frame

r N D
IMPROVED INTEGRATED
SAFETY REAL-TIME DATA
CONDITIONS 2ax7 365
(NFPA-70E)

Arc Flash

24x7 IR Thermal
Monitoring inside
the panel - reduce
risk of opening live

. /

panel
\_ J

\

24x7

Thermal Imaging =
<1% of available
time . Exertherm

24x7 integrated to

BMS/SCADA
J
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Technology

CO m pa ri son: (Thermal Imaging / Windows)  (24x7 Thermal Monitoring)

EXISTING NEW

" Inspection 1 /365 = <1% available 24x7 365 = 100%

time

= % Chance of problem . 0.27% = 100%

detection

= Position = External " Internal

= View = Limited = Unlimited

= Reliability " Dependent on luck / = Continuous reliable data
interpretation

= Availability = Not real time / = Real time / integrated to
integrated to BMS BMS — data trending etc

= NFPA - 70E Compliance = Restrictions are = Compliant with NFPA-70E
becoming more stringent — not opening panel

" Cost " Increasingly expensive = Significant Price Reduction
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Thermal mapping utilizing new IR technology is
entirely vendor neutral; can be fitted to
equipment irrespective of manufacturer. Sensor
is made in the USA by Exergen Corporation.
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Summary of thermal mapping benefits:

\/ Relevant to each panel, or even circuit

/ 24 x 7 Thermal Monitoring

\/ Easy Integration

\/ Unique - requires thermal monitoring (best practice)

\/ Not vendor specific for integration / communication

SYSTEMS DIVISION
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Summary of thermal mapping benefits:

\/ Generic software that can integrate into EMS

\/ Degradation of equipment over time — extend nominal life
\/ Assist in placement / deployment of additional load

\/ Extend periods between intrusive maintenance

\/ Not vendor specific for integration / communication

SYSTEMS DIVISION
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“Feeling Lucky...?”

Its clear that any downtime in a data center comes with a very expensive price tag -
with this amount of money at stake, why take the risk?

<1%

100% Thermal imaging

24x7 Thermal Monitoring
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Thank you
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