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ABSTRACT

This project studies on the emissivity of electrical distribution equipments using infrared
thermography with 8-14 um of wavelength. The infrared thermography camera is widely used for
preventive maintenances propose in many industries. It can be captured a thermal image for
identifying fault on electrical equipment and measuring the temperature as well. The most
important factor to use the thermal image accurately is the emissivity of materials. Therefore, this
project aims to define the unknown emissivity of electrical devices in order to apply with the
infrared thermography camera. The heat chamber to control the operating temperature 50°C —
200°C has been created to maintain the temperature of material for measuring the emissivity. To
ensure the emissivity measurement technique, the general used material such as iron, stainless
steel, brass, copper and aluminum were done the experiment and compared with the standard
emissivity table. The selected electrical equipments (new and old) are cable lug, P.G. connector,
some part of fuse holder and disconnecting switch. Finally, the emissivity data of selected devices

can be used to input to thermal image camera for a better accuracy of temperature measurement.
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Material’s Surface Wavelength Temperature  Emissivity Reference
: (K) (g)
Aluminum; Oxidized 273-373 0.11 Fraden, 2010.
Aluminum; Oxidized 550 0.63 Fogiel, 1992.
Aluminum; Oxidized 80-500 0.75 Rogalski, 2009
Aluminum; Polished 273-373 0.05 Fraden, 2010.
Aluminum; Rough 273-373 0.06- 0.07 Fraden, 2010.
Aluminum; Anodized 0.34-0.94 Rao,2010.
Brass; Oxidized 0.61 Rao,2010.
Brass; Oxidized 300 0.60 Brewster, 1992.
Brass; Polished 0.10 Rao,2010.
Brass; Polished 300-500 0.10 Brewster, 1992,
Brass; Polished 400-600 0.03 Rogalski, 2009
Brass; Dull tarnished 273-373 0.61 Fraden, 2010.
Copper; Oxidized 298 0.78 Fogiel, 1992.
Copper; Oxidized 300-800 0.77-0.87  Brewster, 1992.
Copper; Oxidized 273-373 0.60-0.70  Fraden, 2010.
Copper; Polished 390 0.023 Fogiel, 1992.
Copper; Polished 300-1600 0.04-0.17  Brewster, 1992.
Copper; Polished 273-373 0.02 Fraden, 2010.
Iron; Cast,Oxidized 0.63-0.76  Rao,2010.
Iron; Oxidized 0.96 Rao,2010.
Iron; Oxidized 300-800 0.60-0.80 Brewster, 1992.
Iron; Polished 0.06 -0.13 Rao,2010.
Iron; Polished 300-1600 0.06-0.20 Brewster, 1992.
Stainless Fogiel, 1992.
Steel; Types 304 <. et
Stainless Amidon, 1999.
Steel; Types 316; 0.28
Polished
Stainless Steel 0.60 Saravacos and
Kostaropoulos, 2002
Bread Kress-Rogers and
>0-80  ‘Brimelow, 2005.
Chocolate 085 Kress-Rogers and
: Brimelow, 2005.
Coke 0.95-1.00  Bentley, 1998.
Dough 0.85 Saravacos and
Kostaropoulos, 2002
Fat beef 0.78 Saravacos and
Kostaropoulos, 2002
Ice; Rough 300 0.99 Brewster, 1992.
Ice; Smooth 300 0.97 Brewster,1992.
Lean beef 0.74 Saravacos and
Kostaropoulos, 2002
Paper 300 0.90-0.98 Brewster, 1992.
Vegetation 300 0.92-0.96 Brewster, 1992.
Water 0.96 Rao (2010)
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1. HEATER COIL (12,000 W 220 VAC)

3000 W, 220V, (TOP SIDE)

3000 W, 220V, (LEFT SIDE)

3000 W, 220V, (RIGHT SIDE)

3000 W, 220V, (BOTTOM SIDE)
2. STAINLESS PLATE INSIDE

700x500x1.2 mm. (TOP SIDE)

700x500x1.2 mm. (BOTTOM SIDE)

700x500x1.2 mm. (LEFT SIDE)

700- 500x500x1.2 mm. (FRONT SIDE)

500x500x1.2 mm. (RIGHT SIDE)

500x500x1.2 mm. (BACK SIDE)

3. STAINLESS PLATE OUT SIDE

760x810x1.2 mm. (TOP SIDE)

760x810x1.2 mm. (BOTTOM SIDE)

810x800x1.2 mm. (LEFT SIDE)

810x800x1.2 mm. (RIGHT SIDE)
760x800x1.2 mm. (BACK SIDE)

760x800x1.2 mm. (FRONT SIDE)

4. FIBER GLASS

5. TEMPERATURE TIMER & TEMPERATURE INDICATOR
6. FAN

7. DOOR

8. WINDOW
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M9 4.1 LdAIA1 Emissivity U83779

Emissivity (€)
Temperature (o ()]
Iron Copper Stainless  Aluminum  Brass
50 0.88 0.24 0.52 0.51 0.65
60 0.84 0.28 0.48 0.46 0.57
70 0.84 0.24 0.46 0.42 0.52
80 0.83 0.21 0.45 0.37 0.49
90 0.83 0.2 0.44 0.36 0.48
100 0.84 0.18 0.43 0.36 0.46
110 0.84 0.19 0.43 0.36 0.46
120 0.84 0.2 0.41 0.36 0.45
130 0.84 0.21 0.41 0.37 0.44
140 0.84 0.2 0.4 0.3¢ 0.44
150 0.84 0.19 0.4 0.36 0.43
160 0.84 0.19 0.39 0.35 0.44
170 0.83 0.18 0.38 0.35 0.44
180 0.82 0.19 0.37 0.34 0.43
190 0.82 018 0.36 0.33 0.42
200 0.81 0.16 0.34 0.33 0.40
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NITNAADN Reference Table
Materail = =
Temperature (C ) € € Temperature (C ) Reference
Iron 50-200 0.81-0.88 | 0.63-0.96 25-499 D.G.Rao (2010)
Aluminum 50-200 0.33-0.51 | 0.25-0.4 100-315 Cole-Parmer
Brass 50-200 0.40-0.65 | 0.4-0.61 20-200 D.G.Rao (2010)
Copper 50-200 0.16-0.24 | 0.2-0.78 38-108 Cole-Parmer
Stainless 50-200 0.34-0.52 | 0.28-0.44 25-200 Cole-Parmer
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Material z
Temperature ( C ) [

wiatarauauaa(Ini) 50-200 0.21-0.39

wlanguauma(n) 50-200 0.6-0.63

aaegiition(Inw) 50-200 0.35-0.42

AInouames(lna) 50-200 0.30-0.33

NInvULAADS (A1) 50-200 0.60-0.67
Qy (] a o 4

Fuaruvesha laanes 50-200 0.65-0.77
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ﬂ]ﬁ'Nllﬁﬂ\‘ﬂlﬂﬂﬂmﬂﬂ‘lﬂﬂ'liﬂﬂﬁeﬂ

4 t% 1 a 1 1 <]
m3ah a1 doyamstuiindrgungindous T,, waza1 € 91nndes T vounan

gunginIndea TI | gavinil Background gUngIaN
A€ g L
(¢c) (e o€ mes lumlia (C)
50 088 316 50.0
60 0.84 325 60.2
70 0.84 323 69.9
80 0.83 321 80.1
90 083 317 90.3
100 0.84 312 99.9
110 0.84 314 109.6
120 0.84 31.0 1201
130 0.84 30.8 130.1
140 084 30.8 140.1
150 0.84 30.8 150.1
160 0.84 30.8 159.7
170 083 30.8 170.2
180 082 30.8 179.9
190 082 305 189.7
200 081 303 199.6

maah 0.2 doyamsTuiinarguurgindoud T, 1azA1 € 11ANGDY TLUBINDILAY

guuglINNdeI TI : 9919l Background QUNYINN
n
g dhe) wos Tuddida ¢c)
50 0.24 32,5 50.2
60 0.28 27.9 60.3
70 0.24 31.0 69.9
80 0.21 272 80.5
90 0.20 27.8 89.8
100 0.18 31.4 100.3
110 0.19 30.2 110.3
120 0.20 285 120.0
130 0.21 26.0 129.8
140 0.20 26.4 139.1
150 0.19 27.0 1515
160 0.19 27.0 158.0
170 0.19 26.5 172.0
180 0.19 26.0 181.8
190 0.18 26.3 191.3

200 0.16 27.4 201.8




maafl 0.3 JoyamsTuiindgaunginioun T,, uasA1 € 11NNA0a TI vosaLALa

QUNNNINNADITI | QUi Background QUNNNIN

C) i (T@..°C) mos ludihida (°0)
50 0.52 29.9 50.2

60 0.48 285 60.1

70 0.46 30.0 70.2

80 0.45 30.0 80.0

90 0.44 30.0 89.8
100 0.43 30.0 100.1
110 0.43 30.0 110.4
120 0.41 32.0 1206
130 0.41 32.2 130.4
140 0.40 32,0 141.0
150 0.40 320 150.1
160 0.39 318 160.3
170 038 317 170.8
180 0.37 314 180.4
190 0.36 31.4 189.6
200 0.34 31.3 199.8

m3190 n.4 doyanstunnAgamginsoum T,, uazm € 91andss TI vovzgiiioy

ganginnnded TI 3 Mg Background RUNHUN
Qi

(°0) Wl ds; mes luAdida (o)
50 0.65 27.0 50.0

60 0.57 27.0 60.1

70 052 27.0 702

80 0.49 275 796

90 0.48 27.7 90.1

100 0.46 27.0 99.7
110 0.46 27.0 109.2
120 0.45 275 120.1
130 0.44 27.5 130.7
140 0.44 27.5 140.1
150 0.43 27.9 150.3
160 0.44 27.8 159.8
170 0.44 275 170.7
180 0.43 275 179.5
190 0.42 28.7 189.5

200 0.40 27.2 202.1




U a Y v

MmN 0.5 doyamsiufinigangindonn T,, a1 € 11NNd03 TI YeINeuHien

q Y

gunglanndes a1 gl Background gunginnmes
T1(¢C) g G220 Tuaddda ()
50 051 30.7 50.0
60 0.46 30.7 60.0
70 0.42 30.0 70.7
80 0.37 34.0 79.9
90 0.36 33.7 89.7
100 0.36 36.0 100.6
110 0.36 36.2 108.7
120 0.36 36.0 120.4
130 0.37 34.8 129.2
140 0.37 34.2 138.9
150 0.36 34.3 150.5
160 0.35 33.7 159.2
170 0.35 33.0 170.4
180 0.34 34.0 180.7
190 0.33 34.0 188.8

200 0.33 33.5 200.1




Fluke 54 11

Fluke 52 I

i Included Accessories

- Impact absorbing holster

. Two bead probe thermocouples 80PK-1
(54+52)

One bead probe thermocouple 80PK-1
{51+53)

Ordering Information

Fluke 51 11 Thermometer
Fluke 52 II Thermometer
Fluke 53 1I Thermometer
Fluke 54 II Thermometer
FVF-SC1 FlukeView Forms

Software including
interface cable

11080-eng Rev. 01

Fluke 53 1I

Laboratory accuracy. Wherever you go.

The Fluke 50 Series II contact
thermometers offer fast response and
laboratory accuracy (0.05% + 0.3°C) in
a rugged handheld test tool.

Large backlit dual display shows any
combination of Ty, Tz (52 and 54 only),
Ti-T2 (52 and 54 only) plus MIN, MAX,
or AVG

Relative time clock on MIN, MAX, and
AVG provides a time reference for major
events

Electronic Offset function allows
compensation of thermocouple errors to
maximize overall accuracy

Readout in °C, °F, or Kelvin (K)

Sleep mode increases battery life
Battery door allows easy battery
replacement without breaking the
calibration seal

Additional features for the 53 and

54 Series II:

« Data Logging up to 500 points of data
with user adjustable recording interval

« Real time clock captures the exact time of
day when events occur

» Recall function allows logged data to be
easily reviewed on the meter display

« IR communication port allows data to be
exported to optional FlukeView®
Temperature PC software

Features
Thermocouple types JKTE JK.TE JKTENRS JKTENRS
Number of inputs Single Dual Single Dual
Time stamp Relative Time Relative Time Time of Day Time of Day
Splash/Dust resistant @ ° [ ®
Dual display with backlight @ ® [ @
Min/Max/Avg recording ° ) ® Y
(T'-T2} True differential @ [
Data logging up to 500 points ® @
IR data port for interface ° ®
to PC
Compatible with optional ® )
FlukeView Software

Specifications

Temperatare tanga:

-210°C to 1200°C  (-346°F to 2192°F)
-200°C to 1372°C  [-328°F to 2501°F)
-250°C to 400°C  (-418°F to 752°F)

-150°C to 1000°C  (-238°F to 1832°F)

J-type  Thermocouples
K-type  Thermocouples
T-type  Thermocouples
E-type  Thermocouples
N-type** Thermocouples

-200°C to 1300°C  (-328°F to 2372°F)
(32°F to 3212°F)

0°C to 1767°C

R** and S-type** Thermocouples

Temperature accuracy
Above —100°C (-148°F):

J,K, T, E, and N-type**
R** and S-type**

Below ~100°C (- 148°F):
J,K. E, and N-types | +10.20% +0.3°C (0.5°F) |
T-type | £ (0.50% + 0.3°C (0.5°F) |

[ +10.08% +0.3°C (0.5°F| ]
| +10.05% +0.4°C (0.7°F) |

**Only the Fluke Models 53 and 54 Series Il thermometers are capable of measuring N, R, and S-type thermocouples.

Battery life: 1000 hours typical, AA
Size (HxWxD): 173 x 86 x 38 mm

Weight: 0.4 kg
Three Year Warranty

Recommended Accessories

§8
- ]
=0
o
c25 80PK-26 80PK-25 FVF-SC1 TPAK



PORTABLE IR CALIBRATORS

Models 9132 and 9133

-Features Summary :

= Certify IR pyrometers from —30°C to 500°C (-22°F to 932°F)
= Large 2.25" (57 mm) blackbody target

= RTD reference well for high precision

= Small, compact design

hether you’re using in-line or

handheld infrared pyrometers, you
need good calibration standards to verify
their accuracy. Our new portable IR cali-
brators provide stable blackbody targets
for calibrating noncontact IR thermome-
ters from =30°C to 500°C.

These new units feature a large, temper-
ature controlled blackbody target with a
diameter 0f2.25" (537 mm), which offers a
large field of view area for optical varia-
rions in infrared thermometers. The
cmissivity of the isothermal target is set at
0.95, and the target temperature can be
controlled in set-point increments of 0.1°
from —30°C to 500°C.

For even higher precision, a well is lo-
cated directly behind the blackbody sur-
face for contact calibration of the
blackbody. Using an optional calibrated
PRT and readout device, target accuracy of
£0.075°C can be achieved.

These units are as easy to use as “point
and shoot.” Simply set the desired
blackbody temperature from the conve-
nient front panel control buttons, wait a
few minutes for equilibrium, and point the
gun at the target. The radiated energy from
the blackbody is measured by your IR
thermometer. Simply compare its reading
to the display on the blackbody and record
the difference.

9132

For IR calibrations above normal ambi-
ent, the 9132 provides a stable blackbody
target up to 500°C (932°F). With accuracy
to £0.5°C and stability to £0.1°C, this new
portable IR unit can certify most handheld
pyrometers.

Short heating and cooling times mean
you won’t have to wait long to get your
work done. From room temperature to
500°C the 9132 will be stable within 30
minutes. You won’t find a more compact
IR calibrator.

9133

If you’re calibrating IR guns at cold
temperatures, you’ll love our new 9133.
With solid state cooling technology, this
new IR calibrator reaches —30°C (22°F) in
normal ambient conditions. With a conve-
niently located dry gas fitting on the front
bezel, the 9133 won’t build up ice on the
target. At the upper end of its range, the
9133 provides stable temperatures to
160°C (320°F).

With heating and cooling times of
about 15 minutes from ambient to either
extreme, the 9133 gets you to temperature
quickly and performs when it gets there.
Compare your IR devices to the tempera-
ture display—it’s factory calibrated (NIST
traceable) to be within +£0.4°C (£0.7°F).

No other IR calibrator gives you this
level of precision in such a compact pack-
age. Whatever your temperature applica-
tion, trust a Hart product to solve it.

Large target for calibrating all IR thermome-
ter types.

MEERRriric

799 E. Utah Valley Diive

American Fork, Utah 84003-9775

Ph: 801.763.1600 Fox: 801.763.1010
www.hartscientific.com

Specifications and prices subject to change.



'PORTABLE IR CALIBRATORS Models 9132 and 9133

_Specifications _
Temperature Range 50°C to 500°C -30°C to 160°C at 23°C ambient
(122°F to 932°F) (—22°F to 320°F at 73°F ambient)
Accuracy +0.5°C at 100°C (+0.9°F at 212°F) £0.4°C (£0.72°F)
+0.8°C at 500°C (+1.4°F at 932°F)
Stability +0.1°C at 100°C (+0.18°F at 212°F) +0.1°C (£0.18°F)
+0.3°C at 500°C (+0.54°F at 932°F)
Target Size 2.25" (57 mm)
Target Emissivity 0.95
Resolution 02
Heating Time 30 minutes (50°C to 500°C) 15 minutes (25°C to 150°C)
Cooling Time 30 minutes (500°C to 100°C) 15 minutes (25°C to —20°C)
Computer Interface RS-232 included with 9930 Interface-it software
Power 115 VAC (£10%), 3 A or 230 VAC (£10%), 1.5 A, 115 VAC (£10%), 1.5 A, 230 VAC (£10%), 1.0 A,
switchable, 50/60 Hz switchable, 50/60 Hz
Size 4"Hx6"Wx7"D (102 x 152 x 178 mm) 6"Hx11.25" W x 10.5" D (152 x 286 x 267 mm)
Weight 41b. (1.8 kg) 10 Ib. (4.6 kg)

dering Information

9132  Portable IR Calibrator, 500°C
9308 Rugged Carrying Case, 9132

9133  Portable IR Calibrator, -30°C
9302 Rugged Carrying Case, 9133

1521 Handheld Reference
Thermometer

5618-9 Secondary Reference PRT,
1/8" diameter, —200°C to 500°C

The 9133 includes a quick-attach fitting on the front bezel for dry air purging, which eliminates
ice buildup on the target.

HART Specifications and prices subject to change.
SCIENTIFIC

799 E. Utah Valley Drive

American Fork, Utah 84003-9775

Ph: 801.763.1600 Fax: 801.763.1010
www hartscientific.com



FEATURES

ELUKE T1-32 / TTR-30 SPECIEICATIONS

The new Fluke Ti32 and TiR32 thermal imagers

combine a powerful 320x240 FPA sensor with field
upgradeable lenses, removable batteries, and many
new features. Built on the award winning design of
the Ti25 family, these new imagers deliver amazingly
clear image quality in a package that will withstand
the toughest environments. Intended for industrial
and building diagnostic applications, the Ti32 and
TiR32 will allow our customers to find, fix and prove
problems and repairs fast. In these tough economic

times, we all have to do more with less. These new
imagers help our customers do exactly that.

320X240 FPA (60HZ and SHZ versions)
Industry-leading <50mK thermal sensitivity
Two (2) replaceable, rechargeable LiON
batteries for extended use situations
External charging bay or in-imager charging
Field-installable optional telephoto and
wide-angle lenses

High temperature or dew point alarms
Transmission correction

Better level/span adjustment

Thumbnail view memory

New display options

Ultra-Contrast™ palette options

152, .BMP, and .JPG File formats on imager
Patented Fluke IR-Fusion® Technology
both in camera and software combines
visible (visual) image with IR image in full
screen or picture-in-picture views for easy
identification and reporting of problems

**Export Restrictions and License apply for all models

Rugged and reliable: Engineered to
withstand a 2 meter (6.56 feet) drop

640 x 480 large 3.6” diagonal color LCD
display (landscape format)

SmartView® analysis and reporting software
(with free upgrades through life of product)
Remavable 2 GB SD memory card for easy
storage and transfer of thermal and visible
images

Multi-function memory card reader
Complete solution includes hardware and
software to get you going

Two-year warranty




Temperature measurement range
(not calibrated below -10 °C)

-20°C to +600 °C (-4 °F to +1112 °F)

-20 °C to +150 °C (-4 °F to +302 °F)

Temperature measurement accuracy

+2°Cor2%(at 25 °Cnominal,
whichever is greater)

+2°Cor2%(at 25 °C nominal,
whichever is greater)

On-screen emissivity correction Yes Yes
On-screen reflected background Yes Yes
temperature compensation

On-screen transmission correction Yes Yes
Image capture frequency 60HZ 60HZ

Detector type

320X 240 Focal Plane Array,
uncooled microbolometer

320 X 240 Focal Plane Array,
uncooled microbolometer

Infrared spectral band

7.5 um to 14 um (long wave)

7.5 um to 14 um (long wave)

Thermal sensitivity (NETD)

£0.05 °C at 30 °C target temp. (50
mK)

< 0.05 °C at 30 °C target temp. (50
mK)

File formats (on imager)

Non-radiometric (.bmp) or (.jpeg) or
fully-radiometric (.is2)

Non-radiometric (.bmp) or (.jpeg) or
fully-radiometric (.is2)

Memory review

Thumbnail view navigation and
review selection

Thumbnail view navigation and
review selection

Standard palettes 8 8

Ultra Contrast™ palettes 8 8

Fast auto toggle between manual Yes Yes

and auto modes

Fast auto-rescale in manual mode Yes Yes
Minimum span (in manual mode) 2.5 °@ (9 3F) 2.0°C(3.6 °F)
Minimum span (in auto mode) 5°C(9 °F) 3°C(5.4°F)

Color alarms (temperature alarms)

High-temperature alarm (user-
selectable)

Dewpoint temperature alarm {user-
selectable)

Batteries Two lithium ion rechargeable smart | Two lithium ion rechargeable smart
battery packs battery packs

Battery life Four+ hours continuous use Four+ hours continuous use
per battery pack (assumes 50 % per battery pack (assumes 50 %
brightness of LCD) brightness of LCD)

Drop Test 2 meter (6.5 feet) with standard lens | 2 meter (6.5 feet) with standard lens

Size (Hx W x L)

27.7cmx12.2cm x 17.0cm (10.9 in
x4.8inx6.7in)

27.7cmx12.2cm x17.0 cm (10.9in
x4.8inx6.7in)

Weight (battery included)

1.05 kg (2.3 Ib)

1.05 kg (2.3 Ib)

Supported Languages

16

16

For specifications and additional information, please contact us.
Export Restrictions and License apply for all models

www mfrared com






