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,thermo- elect;wgg
temper ature sensor solutlons

Pijnacker,The Netherlands

Established in 1962, Thermo-electra is an independent
Dutch manufacturing company specialized in designing
and manufacturing thermocouple and Pt100 temperature
sensors for all industries. These industries include, for
example, food & beverage, chemical, pharmaceutical, oil &
gas, power generation and R&D.

We offer custom engineered designs to suit your exact
needs. These sensors are made to thermo-electra quality
standards, Dekra certified to ISO 9001: 2015. Our welding
work is ISO 3934 Part2, IIW certified by NIL, and we are
an authorized holder of the ASME S-stamp.

Almost all our sensors can be manufactured to be suitable
for Ex applications. Our Ex certified sensors are Dekra
certified ATEX, IECEX and CCC types Ex e, Ex i, Ex d, Ex nA
and Ex t.

Thermo-electra is always ready to address your
thermocouple sensor and RTD sensor needs. Fast
response, quality products, and superb engineering support
are our trademarks.

We offer, together with more than 30 sales channels
throughout the world, and with over 60 years of experience,
a reliable partner in increasing your efficiency and durability

in production, with technical support and service.

DISCLAIMER
The information printed in this publication is presented in good faith and believed to
be correct but, Thermo-Electra makes no representations or warranties for the
completeness or accuracy of the information. Under no circumstances will
Thermo-Electra be liable for any special, incidental, indirect of consequential damages
of any kind or any damages whatsoever resulting from loss of use, data, profits,
whether or not advised of the possibility of damage, and on any theory of liability,
arising out or in connection with the use of the information contained herein.



IEC 60584-2 thermocouple tolerances

The table gives you information about the maximum
allowable tolerances of thermocouples. Thermocouples are
divided in 3 accuracy classes: 1, 2 and 3.

For the tolerance two values are given.

One is a fixed, the other is a formula.

The largest of the two should be taken as real tolerance.

Type | Class Temperature Fixed Tolerance
range value °C| totemp.t(°C)
1 | - 40°Cto+ 350°C |05 | +0,004-|t
T 2 | - 40°Cto+ 350°C | +1 +0,0075[t]
3 | -200°Cto+ 40°C | +1 + 0,015
1 - 40°Cto+ 800°C +15 +0,004 -t|
E 2 - 40°Cto+ 900°C +25 +0,0075-t|
3 -200°Cto+ 40°C +25 +0,015:t
1 - 40°Cto+ 750°C +15 +0,004-|t
J 2 | - 40°Cto+ 750°C | +25 | +0,0075t
3 - - -
K 1 - 40°C to +1000°C +15 +0,004-t|
and 2 - 40°C to +1200°C +25 +0,0075-t|
N 3 -200°Cto + 40°C +25 + 0,015t
R 1 0°C to + 1600°C +1,0 +[1+0,003-(t-1100)]°C
and 2 0°C to + 1600°C +15 +0,
S 3 - -
1 - - -
B 2 +600°C to + 1700°C +15 +0,0025-t
3 +600°C to + 1700°C +4 +0,005t
Type Temperature | Tolerance | DIN 43710 tolerances

range

U (Cu-CuNi)| 50°C to +400°C | +3°C
400°C to + 600°C | +0,75%

L (Fe-CuNi) | 50°C to +400°C | +3°C
400°C to +900°C | +0,75%

DIN IEC 60751
table for Pt100 detectors
Class | Wil d i Thin-film construction | Tolerance(°C)
AA -50 to 250 °C 0t0 150 °C +(0.1+0.0017|t])
A -100 to 450 °C -30 to 300 °C +(0.15 + 0.002]t])
B -196 to 600 °C -50 to 500 °C +(0.3 +0.005]t])
C -196 to 600 °C -50 to 600 °C +(0.6 +0.01]t])

a [t| = modulus of temperature in °C without regard to sign. 1



Handy conversion formulas

A

Convert from
atmospheres
atmospheres
atmospheres
atmospheres
atmospheres
atmospheres
atmospheres
atmospheres

Convert from
bars
bars
bars
bars
bars
Btu
Btu
Btu
Btu
Btu
Btu
Btu
Btu
Btu
Btu/hr
Btu/hr
Btu/hr
Btu/hr

2

Into

Ton/sq inch

cms of mercury
ft. of water (at 4C)

in. of mercury (at 0C)

kgs/sg cm
kgs/sg meter
pounds/sq in.
tons/sq ft

Into
atmospheres
dynes/sg cm
kgs/sq meter
pounds/sq ft
pounds/sq in.(psi)
LiterAtmosphere
ergs

foot-lbs
gram-calories
horsepowerhrs
joules
kilogram-calories
kilogram-meters
kilowatt-hrs
foot-pounds/sec
gram-cal/sec
horsepower
watts

Multiply By
.007348
76.0

33.90

29.92
10.333
10,332.
14.70

1,058

Multiply By
0.9869

10 E6

1.020 x 10 E4
2,089.

14.50

10.409

1.0550 x 10 E10
778.3

252.0

3.931 x 10 E-4
1,054.8
0.2520

1075

2.928 x 10 E-4
0.2162
0.0700

3.929 x 10 E-4
0.2931



Btu/min
Btu/min
Btu/min
Btu/min
Btu/sq ft/min
bushels

C

Convert from

foot-pounds/sec
horsepower
kilowatts

watts

watts/sq in.
liters

Into

Calories, gram(mean) B.T.U.(mean)

Celcius
centimeters
centimeters
centimeters
centimeters
centimeters
centimeters
centimeters
centimeters
centimeters-dynes
centimeters-dynes
centimeters-dynes
centimeters-grams
centimeters-grams
centimeters-grams
centi poise

centi stoke

cubic centimeters
cubic centimeters
cubic centimeters
cubic centimeters
cubic centimeters
cubic centimeters
cubic centimeters
cubic centimeters

Fahrenheit

feet

inches
kilometers
meters

miles
millimeters
mills

yards
cm-grams
meterkgs
pound-feet
cm-dynes
meterkgs
pound-feet

Pas

sq millimeters/sec
cu feet

cu inches

cu meters

cu yards
gallons (U.S. lig.)
liters

pints (U.S. lig.)
quarts (U.S. lig.)

12.96
0.02356
0.01757
1757
0.1221
35.24

Multiply By
3.9685 x 10 E-4
9/5 and add on 32
3.281 x 10 E-2
0.3937

10 E-6

0.01

6.214 x 10 E-6
10.0

393.7

1.094 x 10 E-2
1.020 x 10 E-3
1.020 x 10 E-8
7376 x 10 E-8
980.7

10 E-b

7233 x 10 E-5
0.001

1

3.531 x 10 E-4
0.06102

10 E-6

1.308 x 10 E-6
2.642 x 10 E-4
0.001

2.113 x 10 E-3
1.057 x 10 E-3



cubic feet
cubic feet
cubic feet
cubic feet
cubic feet
cubic feet
cubic feet
cubic feet
cubic feet
cubic feet/min
cubic feet/min
cubic feet/min
cubic feet/min
cubic feet/sec
cubic feet/sec
cubic inches
cubic inches
cubic inches
cubic inches
cubic inches
cubic inches
cubic inches
cubic inches
cubic inches
cubic inches
cubic meters
cubic meters
cubic meters
cubic meters
cubic meters
cubic meters
cubic meters
cubic meters
cubic yards
cubic yards
cubic yards
cubic yards

4

bushels (dry)
cucms

cu inches

cu meters

cu yards
gallons (U.S. lig.)
liters

pints (U.S. lig.)
quarts (U.S. lig.)
cu cms/sec
gallons/sec
liters/sec

pounds of water/min

million gals/day
gallons/min
cucms

cu feet

cu meters

cu yards
gallons (U.S. lig.)
liters

mil-feet

pints (U.S. lig.)
quarts (U.S. lig.)
bushels (dry)
cucms

cu feet

cu inches

cu yards
gallons (U.S. lig.)
liters

pints (U.S. lig.)
quarts (U.S. lig.)
cucms

cu feet

cu inches

cu meters

0.8036
28,320.0
1,728.0
0.02832
0.03704
748.062
28.32

59.84

29.92

472.0

0.1247
0.4720

62.43
0.646317
448.831

16.39

5.787 x 10 E-4
1.639 x 10 E-5
2.143 x 10 E-6
4.329 x 10 E-3
0.01639

1.061 x 10 EB
0.03463
0.01732
28.38

10 E6

35.31
61,023.0
1.308

264.2

1,000.0
2,113.0

1,057,

7646 x 10 E5
270

46,656.0
0.7646



cubic yards
cubic yards
cubic yards
cubic yards
cubic yards/min
cubic yards/min
cubic yards/min

D

Convert from
days

drams
drams
drams
Dyne/sq cm
Dyne/sq cm
Dyne/sq cm
dynes
dynes
dynes
dynes
dynes
dynes

Convert from
ergs
ergs
ergs
ergs
ergs
ergs
ergs

gallons (U.S. lig.) 202.0

liters 764.6

pints (U.S. lig.) 1,615.9
quarts (U.S. lig.) 8079

cubic ft/sec 0.45
gallons/sec 3.367
liters/sec 12.74

Into Multiply By
seconds 86,400.0
grams 17.718

grains 273.437
ounces 0.0625
Atmospheres 9.869 x 10-7
Inch of Mercury at 0C 00C2.953 x 10 E-5
Inch of Water at 4C ~ 4.015 x 10 E-4
grams 1.020 x 10 E-3
joules/cm 10 E-7
joules/meter (newtons) 10 E-5
kilograms 1.020 x 10 E-6
poundals 7233 x 10 E-b
pounds 2.248 x 10 E-6
Into Multiply By
Btu 9.480 x 10 E-11

dyne-centimeters
foot-pounds
gram-calories
gram-cms
horsepower-hrs
joules

1.0

7367 x 10 E-8
0.2389 x 10 E-7
1.020 x 10 E-3
3.7250 x 10 E-14
10 E-7



ergs
ergs
ergs
ergs

F

Convert from
Fahrenheit
feet

feet

feet

feet

feet

feet

feet

feet H20
feet H20
feet H20
feet H20
feet H20
feet H20
feet/sec
feet/sec
feet/sec
feet/sec
feet/sec
feet/sec
foot-pounds
foot-pounds
foot-pounds
foot-pounds
foot-pounds
foot-pounds
foot-pounds
foot-pounds

6

kg-calories
kg-meters
kilowatt-hrs
watt-hours

Into

Celcius
centimeters
kilometers
meters

miles (naut.)
miles (stat.)
millimeters
mils
atmospheres
in.Hg

kgs/sg cm
kgs/sg meter
pounds/sq ft
pounds/sq in.
cms/sec
kms/hr
knots
meters/min
miles/hr
miles/min
Btu

ergs
gram-calories
hp-hrs

joules
kg-calories
kg-meters
kilowatt-hrs

2.389 x 10 E-11
1.020 x 10 E-8
0.2778 x 10 E-13
0.2778 x 10 E-10

Multiply By
5/9 after F-32
30.48

3.048 x 10 E-4
0.3048

1.645 x 10 E-4
1.984 x 10 E-4
304.8

1.2 x 10 E4
0.02950
0.8826
0.03048
304.8

62.43

0.4335

30.48

1.097

0.5921

18.29

0.6818
0.01136

1.286 x 10 E-3
1.356 x 10 E7
0.3238

5.050 x 10 E-7
1.356

3.24x 10 E-4
0.1383

3.766 x 10 E-7



G

Convert from
gallons
gallons
gallons (lig. Br. Imp.)
gallons (U.S))
gallons of water
gallons/min
gallons/min
gallons/min
grams
grams
grams
grams
grams
grams
grams
grams
grams
grams
grams/cu cm
grams/cu cm
grams/cu cm
grams/liter
grams/liter
grams/liter
grams/liter
gram-calories
gram-calories
gram-calories
gram-calories
gram-calories
gram-calories

Into

cu yards

liters

gallons (U.S. lig.)
gallons (Imp.)
pounds of water
cu ft/sec
liters/sec

cu ft/hr

dynes

grains

joules/cm
joules/m (newtons)
kilograms
milligrams
ounces (avdp)
ounces (troy)
poundals
pounds
pounds/cu ft
pounds/cu in.
pounds/mil-foot
grains/gal
pounds/1,000 gal
pounds/cu ft
parts/million

Btu

ergs
foot-pounds
horsepowerhrs
kilowatt-hrs
watt-hrs

Multiply By
4.951 x 10 E-3
3.785

120.095
0.83267
83.453

2.228 x 10 E-3
0.06308
80.208

980.7

15.43

9.807 x 10 E-5
9.807 x 10 E-3
0.001

1,000.
0.03527
0.03215
0.07093

2.205 x 10 E-3
62.43

0.03613

3.405 x 10 E-7
58.417

8.345
0.062427
1,000.0
3.9683 x 10 E-3
4.1868 x 10 E7
30.880

1.5596 x 10 E-6
1.1630 x 10 E-6
1.1630 x 10 E-3

www.thermo-electra.com



Convert from Into
horsepower foot-lbs/min
horsepower foot-Ibs/sec
horsepower kg-calories/min
horsepower kilowatts
horsepower watts

horsepower (boiler) Btu/hr
horsepower (boiler) kilowatts

Convert from Into

inches centimeters
inches meters
inches miles

inches millimeters
inches Hg atmospheres
inches Hg feet H20
inches Hg kgs/sq cm
inches Hg kgs/sq meter
inches Hg pounds/sq ft.
inches Hg pounds/sq in.

inches H20 (at 4C) atmospheres
inches H20 (at 4C) inches Hg
inches H20 (at 4C) kgs/sg cm
inches H20 (at 4C) ounces/sq in.
inches H20 (at 4C) pounds/sq ft
inches H20 (at 4C) pounds/sq in.

Multiply By
33,000.
550.0

okt-68
0.7457
745.7
33.479
9.803

Multiply By
2.540

2.540 x 10 E-2
1578 x 10 E-5
25.40
0.03342

1.133

0.03453
345.3

70.73

0.4912

2.458 x 10 E-3
0.07355
2.540 x 10 E-3
0.5781

5.204
0.03613

www.thermo-electra.com



J

Convert from
joules
joules
joules
joules
joules
joules

K

Convert from
kilograms
kilograms
kilograms
kilograms
kilograms
kilograms
kilograms
kilograms/sq cm
kilograms/sg cm
kilograms/sq cm
kilograms/sg cm
kilograms/sq cm
kilograms/sq cm
kilograms/sg cm
kilograms/sq meter
kilograms/sq meter
kilograms/sq meter
kilograms/sq meter
kilograms/sq meter
kilograms/sq in.
kilogram-calories

Into Multiply By
Btu 9.480 x 10 E-4
ergs 10 E7
foot-pounds 0.7376
kg-calories 2.389 x 10 E-4
kg-meters 0.1020
watt-hrs 2.778 x 10 E-4
Into Multiply By
grams 1,000.0
joules/cm 0.09807
joules/meter (newtons) 9.807
poundals 70.93

pounds 2.205

tons (long) 9.842 x 10 E-4
tons (short) 1.102 x 10 E-3
Dynes 980,665.
atmospheres 0.9678

feet of water 32.81

inches of mercury 28.96

kilo pascal (kPa) 98.067
pounds/sq ft 2,048.
pounds/sq in 14.223
atmospheres 9.678 x 10 E-5
bars 98.07 x 10 E-6
feet of water 3.281 x 10'E-3
inches of mercury 2.896 x 10 E-3
pounds/sq ft 0.2048
pounds/sq in. 1.422 x 10 E-3
Btu 3.968



kilogram-calories
kilogram-calories
kilogram-calories
kilogram-calories
kilogram-calories
kilogram-calories
kilogram meters
kilogram meters
kilogram meters
kilogram meters
kilogram meters
kilogram meters
kilometers
kilometers
kilometers
kilometers/hr
kilometers/hr
kilometers/hr
kilometers/hr
kilometers/hr
kilometers/hr
kilowatts
kilowatts
kilowatts
kilowatts
kilowatts
kilowatts
kilowatt-hrs
kilowatt-hrs
kilowatt-hrs
kilowatt-hrs
kilowatt-hrs
kilowatt-hrs
kilowatt-hrs
kilowatt-hrs
kilowatt-hrs

10

foot-pounds
hp-hrs

joules
kg-meters
kilojoules
kilowatt-hrs
Btu

ergs
foot-pounds
joules
kg-calories
kilowatt-hrs
feet

inches

miles
cms/sec
feet/min
feet/sec
knots
meters/min
miles/hr
Btu/min
foot-lbs/min
foot-lbs/sec
horsepower
kg-calories/min
watts

Btu

ergs

foot-lbs
gram-calories
horsepowerhrs
joules
kg-calories
kg-meters
pounds of water

3,088.

1,560 X 10 E-3
4,186.

426.9

4.186

1.163 x 10 E-3
9.294 x 10 E-3
9.804 x 10 E7
7233

9.804

2.342 x 10 E3
2.723 x 10E-6
3,281

3.937 x 10 E4
0.6214

2778

54.68

0.9113

0.5396

16.67

0.6214

56.92

4.426 x 10 E4
7376

1.341

14.34

1,000.0
3,413.

3.600 x 10 E13
2.655 x 10 E6
859,850.

1.341

3.6 x 10 E6
859.85

3.671 x 10 E6
3.63

evaporated from & at 212F



kilowatt-hrs

kilo pascal (kPa)

L

Convert from
liters
liters
liters
liters
liters
liters
liters
liters
liters
liters/min
liters/min

Convert from
meters
meters
meters
meters
meters
meters
meters
meters
meters
meters/min
meters/min
meters/min
meters/min

pounds of water

22.75

raised from 62 to 212F

bars

Into

bushels (U.S. dry)
cucm

cu feet

cu inches

cu meters

cu yards

gallons (U.S. lig.)
pints (U.S. lig.)
quarts (U.S. lig.)
cu ft/sec
gals/sec

Into
centimeters
feet

inches
kilometers
miles (naut.)
miles (stat.)
millimeters
yards

varas
cms/sec
feet/min
feet/sec
kms/hr

0.0100

Multiply By
0.02838
1,000.0
0.03531

61.02

0.001

1.308 x 10 E-3
0.2642

2.113

1.057

5.886 x 10 E-4
4.403 x 10 E-3

Multiply By
100.0

3.281

39.37

0.001

5.396 x 10 E-4
6.214 x 10 E-4
1,000.0

1.094

1.179

1.667

3.281
0.05468

0.06

1"



meters/min knots 0.03238

meters/min miles/hr 0.03728
meters/sec feet/min 196.8
meters/sec feet/sec 3.281
meters/sec kilometers/hr 3.6
meters/sec kilometers/min 0.06
meters/sec miles/hr 2.237
meters/sec miles/min 0.03728
miles (statute) centimeters 1.609 x 10 E5
miles (statute) feet 5,280.

miles (statute) inches 6.336 x 10 E4
miles (statute) kilometers 1.609

miles (statute) meters 1,609.

miles (statute) miles (naut.) 0.868357
miles (statute) yards 1,760.
miles/hr cms/sec 44.70
miles/hr feet/min 88.

miles/hr feet/sec 1.467
miles/hr kms/hr 1.609
miles/hr kms/min 0.02682
miles/hr knots 0.8684
miles/hr meters/min 26.82
miles/hr miles/min 0.1667
mil-feet cu inches 9.425 x 10 E-6
milliliters liters 0.001
millimeters centimeters 0.1
millimeters feet 3.281 x 10 E-3
millimeters inches 0.03937
millimeters kilometers 10 E-6
millimeters meters 0.001
millimeters miles 6.214 x 10 E-7
millimeters mils 39.37
millimeters yards 1.094 x 10 E-3
million gals/day cu ft/sec 154.723
millimeters H20  bars 0.0001
millimeters H20  kPa 0.0098
millimeters H20  psi 0.0014

12



millimeters Hg
millimeters Hg
millimeters Hg

(o]

Convert from
ounces
ounces
ounces
ounces
ounces
ounces
ounces
ounces (fluid)
ounces (fluid)
ounces (troy)
ounces (troy,
ounces (troy)
ounces (troy,
ounces (troy)
ounces/sg. inch
ounces/sq in.

P

Convert from
parts/million
parts/million
parts/million
poise

pounds
pounds
pounds
pounds

bars
kPa
psi

Into

drams

grains

grams

pounds
ounces (troy)
tons (long)
tons (metric)
cu inches
liters

grains

grams

ounces (avdp.)
pennyweights (troy)
pounds (troy)
Dynes/sq cm
pounds/sq in.

Into

grains/U.S. gal
grains/Imp. gal
pounds/million gal
Pa's

drams

dynes

grains

grams

0.0013
0.1333
0.0193

Multiply By
16.0

4375
28.349.527
0.0625

0.9115

2.790 x 10 E-5
2835 x 10 E-5
1.805

0.02957
480.0
31.103.481
109.714

20.0

0.08333
4309

0.0625

Multiply By
0.0584

0.07016

8.345

0.1

256.

44.4823 x 10 E4
7,000.
4.535.924

13



pounds
pounds
pounds
pounds
pounds
pounds
pounds
pounds
pounds (troy)
pounds (troy)
pounds (troy)
pounds (troy)
pound-feet
pound-feet
pound-feet
pounds/cu ft
pounds/cu ft
pounds/cu ft
pounds/cu ft

pounds/cu in.
pounds/cu in.
pounds/cu in.
pounds/cu in.

pounds/sq ft
pounds/sq ft
pounds/sq ft
pounds/sq ft
pounds/sq ft

pounds/sq in.
pounds/sq in.
pounds/sq in.
pounds/sq in.
pounds/sq in.
pounds/sq in.
pounds/sq in.

psi)
psi)
psi)
psi)
psi)
psi)
psi)

joules/cm
newtons (joules/meter)
kilograms
ounces
ounces (troy)
poundals
pounds (troy)
tons (short)
grains

grams

ounces (avdp.)
ounces (troy)
cm-dynes
cm-grams
meterkgs
grams/cu cm
kgs/cu meter
pounds/cu in.
pounds/mil-foot
kgs/cu cm
kgs/cu meter
pounds/cu ft
pounds/mil-foot
atmospheres
feet of water
inches of mercury
kgs/sq meter
pounds/sq in.
atmospheres
bars

feet of water
inches of mercury
kgs/sg meter
kPa

pounds/sq ft

0.04448
4.448

0.4536

16.0

145.833

32.17

121.528
0.0005

5,760.
37.324.177
131.657

12.0

1.356 x 10 E-4
13,825.
0.1383
0.01602

16.02

5.787 x 10 E-4
4.456 x 10 E-9
27.68

2.768 x 10 E4
1,728.
9.425x,10 E-6
4725 x 10 E-4
0.01602
0.01414

4.882

6.944 x 10 E-3
0.06804
0.06895
2.307

2.036

703.1

689.476

144.0

www.thermo-electra.com



Q

Convert from
quarts (lig.)
quarts (lig.)
quarts (lig.)
quarts (lig.)

S

Convert from
square centimeters
square centimeters
square centimeters
square centimeters
square centimeters
square centimeters
square centimeters
square feet

square feet

square feet

square feet

square feet

square feet

square feet

square feet

square inches
square inches
square inches
square inches
square inches
square inches
square meters
square meters
square meters

Into

cu inches
cu meters
cu yards
liters

Into

circular mils
sq feet

sq inches

sg meters

sg miles

sg millimeters
sq yards
acres

circular mils
sg cms

sq inches

sg meters

sg miles

sg millimeters
sq yards
circular mils
sg cms

sq feet

sqg millimeters
sg mils

sq yards
acres

sg cms

sq feet

Multiply By
5775

9.464 x 10 E-4
1.238 x 10 E-3
0.9463

Multiply By
1.973 x.10 E5
1.076 x 10 E-3
0.1550

0.0001

3.861 x 10.11
100.0

1.196 x 10 E-4
2.296 x 10 E-5
1.833 x 10 E8
929.0

144.0
0.09290
3.587 x-10.E-8
9.290 x 10 E4
0.11M

1.273 x 10 E6
6.452

6.944 x 10 E-8
645.2

10 E6

7716 x 10 E-4
2.471 x 10 E-4
10 E4

10.76

15



square meters
square meters
square meters
square meters
stoke

T

Convert from
tons of water/24 hrs
tons of water/24 hrs

w

Convert from
watts
watts
watts
watts
watts
watts
watts
watts
watts
watt-hours
watt-hours
watt-hours
watt-hours
watt-hours
watt-hours
watt-hours
watt-hours

sq inches

sg miles

sg millimeters

sq yards

sq millimeters/sec

Into
gallons/min
cu ft/hr

Into

Btu/hr

Btu/min

ergs/sec
foot-pounds/min
foot-pounds/sec
horsepower
horsepower (metric)
kg-calories/min
kilowatts

Btu

ergs
foot-pounds
gram-calories
horsepower-hrs
kilogram-calories
kilogram-meters
kilowatt-hrs

1,550.

3.861 x 10 E-7
10 E6

1.196

100

Multiply By
0.16643
13.349

Multiply By
3.413
0.05688

10 E7

44.27

0.7378

1.341 x 10 E3
1.360 x 10 E3
0.01433

0.001

3.413

3.60 x 10 E10
2,656.

859.85

1.341 x 10 E-3
0.8598

367.2

0.001



Temperature Colour Table
Colour Celcius Fahrenheit

Black Heat 430 - 480 810 - 900
Faint Red 480 - 570 900 - 1060
Blood Red 570 - 630 1060 - 1170
Dark Red 630 - 670 1170 - 1240

Medium Red 670 - 740 1240 - 1360
Cherry Red 740 - 840 1360 - 1540
Bright Red 840 - 900 1540 - 1650
Red/Orange 900 - 940 1650 - 1720

Lemon Yellow 990 - 1080 1810 - 1980
White/Yellow 1080 - 1200 1980 - 2100
White 1200 and up 2100 and up.

These observations where made in a relative dark room.

Thermocouple wire types

Type Temperature Insulation Wiresize (mm)
T0O0 - 30+ 105°C PVC 05/08/1,0
TO1 - 30+ 105°C PVC 05/08/1,0
TO5 - 70 + 215°C  Teflon FEP 0,12/0,2/0,5/0,8
T06 - 70 + 215°C  Teflon FEP 0,12/0,2/0,5/0,8
T10 - 70 + 260°C Teflon PTFE 0,2/05/08

T11 -265+ 315°C Kapton 0,25/05/0,8
T12 - 0+ 400°C Glass Fibre 0,2/05/1.0
T15 - 0 +1430°C Ceramic Fibre 0,8
T01/T06/T10 /TN twisted T12/T15

T00/T05

www.thermo-electra.com



Terminology

ac =
ANSI =
ATM =
BSP =
BSPT =
BTU =
cc/min =
CJC =
Cp=
CS. =
D=
Dia. =
Diam. =
D/A =
EMI =
EPR =
FDA =
FNPT =
FPM =
FPS =
FS. =
FT =
gals =
gpm =
gph =
Hf =
H/L =
Hv =
I.D. =
1/0 =

k =

lbs =
Ibs/in 2 =
lpm =

18

alternating current

American National Standards Institute

Atmospheres

British Standard Pipe

British Standard Pipe Taper
British Thermal Units

Cubic Centimeters per Minute
Cold Junction Compensation
Specific heat

Carbon Steel

Diameter

Diameter

Diameter

Digital to Analog
Electromagnetic Interference
Ethylene Propylene Rubber
Food and Drug Administration
Female National Pipe Thread
Feet Per Minute

Feet Per Second

Full Scale

Feet

Gallons

Gallons Per Minute

Gallons Per Hour

Latent Heat of Fusion
High-Low

Latent Heat of Vaporization
Inside Diameter
Input/Output

Thermal Conductivity
Pounds

Pounds Per Square Inch
Liters Per Minute

www.thermo-electra.com



L/min =
mlL/min =
MNPT =
ms =
m/s =
MSEC =
NiCad =
NO/NC =
NPT =
PG =
PID =
P-P =
PSIA =
PSID =
PSIG =
PVC =
PVDF =
RF =
RFI =
RMS =
SCCM =
SCHED. NO. =
SCFH =
SCFM =
SLM =
SLPM =
sq.ft. =
SSU =
AT =
TTL =
UNF =
W =
W-hr =
W/in2
WT =

Liters Per Minute

Milliliters Per Minute

Male National Pipe Thread
Milliseconds

Meters Per Second
Milliseconds

Nickel Cadmium

Normally Open Normally Closed
National Pipe Thread

Panzer Gewinde
Proportional-Integral-Derivative
Peak to Peak

Pounds Per Square Inch Absolute
Pounds Per Square Inch Differential
Pounds Per Square Inch Gage
Polyvinyl Chloride
Polyvinylidene Fluoride

Raised Face

Radio Frequency Interference
Root Mean Square

Standard Cubic Centimeters per Minute
Schedule Number

Standard Cubic Feet per Hour
Standard Cubic Feet per Minute
Standard Liters per Minute
Standard Liters per Minute
Square Feet

Saybolt Seconds Universal
Temperature Difference
TransistorTransistor Logic
Unified National Fine

Watts

Wiatt-Hours

Watt Density

Weight of Material
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IP Ingress protection (IEC 60529)
(protection against accidental contact and

of solid objects and water)

Degree of protection first
against access of hazardous index
parts and ingress of solid objects figure
No protection. 0.
Protection against large, 1
sized bodies. eg hands.

Protection against medium, 2.
sized bodies. eg fingers.

Protection against small bodies, 3.
2.5 mm or greater eg tools, wire.

Protection against very small bodies, 4,

1 mm or greater.

Protection against harmful deposits 5.

of dust (dust proof).

Complete protection against deposits
of dust (dust tight).

Example:

IP 65

20



second

Degree of protection against

index ingress of water

figure

0. No protection.

1. Protection against vertically falling
drops of water.

2. Protection against drops of water up to
15 from the vertical (drip proof).

&, Protection against rain falling
up to 60 deg. from the vertical (rain
proof).

4, Protection against splashed water
from any angle (splash proof).

5. Protection against jets of water
from any angle (jet proof).

6. Protection against water from
heavy seas. eg water tight for
marine deck use.

7 Protected against immersion for
a defined period.

8. Protected against immersion for an
indefinite period.

9. Protected against powerful,

high temperature water jets.
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Labelling of explosion proof
equipment

Flammable |Hazardous locations |Classification |Product classification
Probability of a of explosion
potential explosive proof areas Proa
atmosphere oceuring uct category

Country cod Institute
(Example) |number | ofified ody
Germany

Germany

Example:

Abways, temporarily or
often present Zone 0 .
Gases, "
vapours, Occasionally present Zone 1
mists
Very seldom or only present
for a short period Zone 2 . l
Ahways, temporarily or
often present Zone 20 -
Dusts Oceasionally present Zone 21 .
Does not occur or only
seldom for a short period Zone 22 1
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thermo-electra

— SINCE 1962
~—
temperature sensor solutions

Examples depending on

- explosion group
- temperature class

Petrol

Cydohexene Diesel fuel

n-Butane  Fueloil
n-Hexal

ne

City Elhylene  Ethyiglycol Ethylether
Eniylenoxyd carhon

hydragen
Acelylene Carbon
disulphide
Attention: this list s only an extract of possible flammable mediums
and makes no claim to be complete!

Product use depending on temperature class (T1 - T6).
The temperature class indicates the max. temperature of
the exposed surface of the product. At dust explosion proof
is the max. surface temperature direct shown.(e.g. T80°C)

y Y
(dia IIC T6 PTB 04 ATEX 1028 -
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Labelling of explosion proof

equipment

Example:

(€ 0158

Prevents transmission of
the explosion outside

Prevents high temperatures
and sparks

Low current/voltage supply
Pasitive pressure device
Encapsulated

Parts immersed in il to isolate from
explosive almosphere

Prevents transmission of
explosion cutside

As above but for use in
zone 2

Dust explosion proof

flameproof
enclosure

increased safety . Tor2
0.1
intrinsic safety - Ell Lol

Tor2
moulding . | * |

oil immersion .| | 1or2
powder filling . * 1or2

protection ,n“

lor2

for2

protection tD*

EN

EN

EN
EN

EN
EN

EN
EN

Protection principle Type of Code Symbol To use
protection in zone

*fainzones0,1and2 ibinzones 1and2



S/N(_ 1962

% thermo-electra

temperature sensor SO|UtI0nS

x d ia IIC T6 PTB 04 ATEX 1028 -

mmeeeesces  fE—
X tD A21 IP66 T80 °C
—
2 ENB00TS-1
For common use
2 ENBOOTS-T
EN 60078-11
EN 61241-11
For use under
2 EN 600792 special circum-
EN 612414 slances
2 ENGOOTS-18
EN61241-18
2 ENB00TOS
This product is an
Exm-cerzl;ﬁad COmpo-
nent for use in a
2 ENB00TS5 complete systam.
EN 60079-15
CENELEC Protection | Protection Application
against against
solids/dust | water

27



SINCE 1962

Founded in 1962 in The Hague (The
Netherlands) thermo-electra started with
the repair of analog meters for glass and

; brick manufacturers in The Netherlands.
After a fewyears the production of
temperature sensors was added and
quickly the small business grew too large
for the location.

‘Now thermo-electra counts nearly 50 8
ployees and does regular business with
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International Thermocouple Colour Codes

Thermocouple
Extension Type

ANSE

|

o

SIS

*
*

1IEC

1h
JX .._.M.M”mnm.:nm:@ ._.‘W .gm %
«x *Chromelo & &€
> toomeer & & &
EX + Chromel ® .—‘W .%m ._.A%

Constantan ®

+ Nicrosil ®
NX | nisil @

SX + Copper
RX Alloy 11

RRRRN

2

o)

+ Copper-S
BX Copper-E

AR

)

o)

AR

e Yie Ve ke Yie Yie Yic

E

+3115362 12 00
mail@thermo.nl

www.thermo-electra.com
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temperature sensor solutions

thermo-electra



