Thermography based Predictive
Energy Management practices.

Energy Auditing Practices using the Thermal
Imager in the industry areas, especially in the
Electrical Prime Mover Systems in the field,
Process flow trains in the Production and utility,

Machine condition monitoring as a System.
Energy & Raw Material given in the Input

And energy & product delivered in the output
& Energy & Material in Exhaust, wasted areas



Heat is a symptom of motor loss
Cold Running motor is under-loaded and energy loser.
Warm motor is healthy in many aspects, energy rightly used.
Hot motor is not at all healthy, likely to burnout,
and energy loser. Where Safety fails, Conservation Fails.

Energy Input
(Electricrty)

Energy Loss
o (Heat)

Energy Output
(Nechamncal power)



Motor input = Motor Output + Losses

Motor rating is defined by its Mechanical shaft
output in KW and its Electrical Power input in KW Is
always much more than Motor rating KW.

-
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Emissivity of the surfaces is critical and prone
to false reading when using thermal imager.

Table 6.2:Coeficiets A B o esimalng  (n Wit 4

I T R

(minium , bright rolld 025 027
Aummum,ondmed J 3 031 0.33
e .15 032 034
Galvanised sheet metal, dusty |4 053 055
Non mefallic surtaces 095 085 087




Thermal Imaging — Tool to Predictive
Maintenance — I\/Ianagement
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Thermal Imaging — How to find the abnormal
symptoms from the normal parameters?

Temperature difference (AT) Temperature difference (AT)
bised on comparisons between | basedon comparisons between

similar components under component and ambient air

3imilar loading temperatures Recommended action
10103 110107 e
FC018C 17 020°C Mﬁjﬁﬁ?ﬂ?ﬁfﬂ“ﬂi&““
______ 210 140 Mnnitnﬂr aﬂel Z?zrn?nﬁﬁ ﬂlelzasures
SI5e SA0° Major mgﬁ; TEpir

Table 100,18 Thermographic Survey Suggested Actions Based or. Temperarre Rise” Gourtesy tetNational
Electrical Testing Association ANSIMTS-07



Energy Saving Potential

Sector Potential(%)
Economy as a whole Up to 23
Agricultural Up to 30
Industrial Up to 25
Transport Up to 20
Domestic and Up to 20
Commercial

Energy Management Cell,
WBSEB




Motor System — Ambient — Input — App — control — process

 Moisture, wind,
SAOW, rain

» Chemical

» Temperature
« Alr flow

* Vibration

* Noise

Motor Controls

» Variable-frequency
drive

Power Supply
Power source —PW
» Utility

» Co-gen

Power Transmission

» Beling

| + Soft start

* Wye-Delta

+ Across-the-line
« Sensors

* Metering

Mechanical System

Mechanical device
» Pump
* Fan

+ Direct connect
» Clutch
» Gears

Process

Process requirement
+ Flow

+ Compressor
 Mechanical

+ Transmission drive
» Machine tool

» Conveyor belt

Mounting Base

« Plate
» C-face

+ Rails
« P-Base

L

+ Mixing

* Grinding

+ Handling

» Conveyance
» Machining




Motor Thermal Imaging
When comparing these two motors,
the thermal patterns are similar but there is a marked

overall temperature rise on the motor on the left.




Motor life span — Factors affecting the life
due to lack of maintenance

Blocked ventilation

Missing or insufficient
lubrication in bearings

Winding insulation
resistance

Vibration

mMisalignment of shaft



Motor De-rates by 7 % when voltage
unbalanceis 2.5 % i.e. 390,400,410 volts
across 3 phases at motor terminals

1.0

&
©

Derating Factor
o
co

0.7

0 1 2 3 4 S
Voltage Unbalance, percent

o Unbalance = 100 x maximum voltage deviation from average voltage

average voltage



Motor to fail, shortly due to single phasing.
Loose connection in Bus bar leads to volt and
current unbalance and efficiency drops.




Voltage unbalance increases, motor loss increases

MOTOR LOADING

=
it
%
=
5
=
:

VOLTAGE UNBALANCED, %




MOTOR SURVEY Recommendations

*The following recommendations suggested after
motor loading survey in the industry :-
 Identify motors by “Loading Versus Rating” value
* Below 50 % loading,

«50- 100 % loading,
over 100 % loading.
eldentify motors with machine side losses /
inefficiencies like idle operations, throttling / damper
operations for avenues like automatic controls /
interlocks, variable speed drives, etc.

*Replace with smaller size motors.
Reduce the load on 100% loaded motors or replace
with higher size motors.
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Motor belt & pulley hotter than motor drive end.

SFLIR

28/12/12

12:20 PM




Motor drive transmission efficiency - Visible losses
seen In Belt Losses from motor to load

The efficiency of mechanical power transmission cepends on grip befween pulley and beft
further depends on u (Co-efficient of frction) and strength (Tensile) of the belt, In case o

Table 34 [Losses in VvV Balts

r.no. | Motor HP Losses 9%

8-15
7-13
6-12
5510
5-9
4.58.2
3.5-7
3.2-6
3-55
2.8-5
2.5-4.5
2.5-4.5

)

O ~N@o|(&Wn| =

218/3l8/gI(z(e[o[e]
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Motor hotter due to poor ventilation.
Motor central skin hotter due to more
rewindings done and less efficiency now.




System Energy losses viewed from Input KW to motor

Volume flow

,mpeller & pressure Pu
0SS Bearin

(heat)

System
efficiency is 30%

Cower in

ElectritiydPe

Diagram showing the losses from a fan system including VSD, motor and belt drive.




Vertical High Volume Low Speed Fans costing few
Thousand Rs only, but gives Lakhs of CFM consumes
only less than One KW. But gives Immense Relief to the
workers in harsh ambient industry environments.

TS --J







Conventional Pumping System (Efficiency ~ 31%)

Throttle
efficiency = 66%

E
— T —— 31

Pipe
Coupling efficiency
efficiency =69%
= 98%

Pump
efficiency =77%

Standard motor
efficiency = 90%

Efficiency Optimized Pumping System (Efficiency ~ 72%)

7 QOutput power
Improved piping =

Coupling (eff. ~ 90%)

efficiency
= 99%

Variable speed
drive efficieny =96%

High efficiency
pump (eff. ~889%)

ncy
motor (eff. ~ 95%)
Based on UNIDO, 201 1.



Pumping system — savings

parameters existing’ new pump

Motor rating hp 7.5 5
Suction pipe mm 65 75
Delivery pipe mm 50 75
Piping material Gl White PVC
~0ot valve local 1SI
Discharge LPS 3.68 5.03
nput power KW 6.18 4.35
ncrease in discharge  -- 36.7 %
nput power reduction 29.66 % --

Saving in Energy  -- 48.44 %






Steam Trap Thermal Imaging points to :-

In these two photos of steam traps, the Infrared Thermal
Imaging photo on the left shows the point of leakage.




DG sets getting de-rated due to choked exhaust
DG was overloading before and tripping. After
correction, they could fully utilize DG KVA rating.

SFLIRE 170°C SFLIR

27/12/12

12:43 PM




Thermal Imager iIs the tool to show In running
process system - Do’s and Don’t’s of piping.

Use Long Ell's
for turns.

Crossing

e

USE

=

Use 45° directional (to flow)
connection for two conjoining
air lines.

Dead Head

AVOID




Tubing Vs Piping: Enhancing Plant Efficiency

-

pi=ijimid
L

Pipe typically relies on 45* and 90° elbows 1o
route & system. Fliminating these Mitings can  Tuhing provides & more compact syviem and
speed amembly, reduce polential beak pokots fewer lenk podnts than an equivalent run in
andd improve Now characterntio. papr




Plant Air

1,00 0-schim rate o
air dryer

1, 100-schm rated

kst Eliminator

Areas of high turbulent 650-gallon

. :
driven badkpressure receiver
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E
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rotary screw rotary screw rotary screw
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air compressor alr Compressor alr CoImpressor
Q T T T T T T
= pe O D D O E E E -
- ARNZS2ELIE
BEHAAABEEESR
ﬂﬂ%g"ﬁ?%.‘“’?”ﬂ
§§29°94888



Compressor layout and leakages

This Is What An Ordinary Compressed Air Network Looks Like

Compressed
Air Tank

Compressed Air
Supply

High Specific
Power

Under Loaded
resulting poor
performance

Improper piping

Artificial demand & & over pressurization

Uncontrolled operations

Figure 12: Typical issues of a Compressed Air System



Compressed air is not healthy when discharge
temp is above 5 *C than ambient.
Refrigeration dryer working is healthy when
there is appreciable difference between the




Fraction of compressed air produced only is delivered to

machine. Losses in generation, distribution & usage matters.

Approximately
10% gets 1o the
point of usell

<

Lo

compressad air
{10%}

Eleciricity
Consumed by
COM pressor

Losses in
generation,
tregtmment,
distribytian,
misuse [ J0%])

Simple, cost=effective measures
could reducs these lasgeas

Heat bhsses
(G0%)



In the textile processing industry, thermic
fluid main header oil flow restriction leads to
productivity loss and more downtime.

120°C $FLIRJ 203°C $FLIR

10/12/12
"]‘: 1: F:'["'-"]

SN




DG battery terminals loosely connected. Reason,
DG consumed more Diesel, and starting problems.
DG air intake filter relocated to give diesel savings.




In the Steam distribution systems, every trap
IS a steam saver If works correctly, or loser
If steam Iinstead of water flows thro the drain.

144°C $FLIRQ 151°C $FLIR

10/12/12
F -
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STEAM TRAP — THERMAL IMAGING

When operating correctly, as in this example,
steam trap thermal images should show an
abrupt change in temperature.




A

20% OF INDUSTRIAL'ENERGY
1S WASTED OR MISMANAGED

LiSe our cutting edge solutions for energy moplmrmg,.cqf}tmi and ana;MwS_ -




AN Balance all 3 for
| successful
Energy management

40



Thank you for your kind attn PIs!
Please Feel Free to ask More Questions!!

S.ASHOK, BEE Accredited Energy Auditor /
Chairman IAEMP Coimbatore Chapter.
M/s. POWERON Projects / Coimbatore / 94437 20220
ashok@energymeasuretosave.com
Please visit :- www.energymeasuretosave.com

we take pride on saving Electricity, LPG in house.

Conservation Is a Habit and begins at Home only.

As Conservation is all about

our collective responsibility for better tomorrow+
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