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1 General information

1.1 Intended use

The sensors in the CS series are non-contact infrared temperature sensors. They measure the infrared radiation emitted by objects and use this to calculate the
surface temperature [» 7 Principle of infrared temperature measurement ].

CS sensors are sensitive optical systems. They should therefore only be mounted using the existing thread.

* Avoid sudden changes in ambient temperature.

+  Avoid applying excessive mechanical force to the measuring head, as this may cause damage and void
any warranty claims.

+ If you have any problems or questions, please contact our service department.

Please read this operating manual carefully before using the device for the first time. The manufacturer reserves
the right to change the specifications given in this manual in the interest of technical development.

» All accessories can be ordered using the item numbers indicated in brackets [ .

5 & @& @

1.2 Warranty

If, despite careful quality control, device defects occur, please contact our customer service immediately. The warranty period is 24 months from the date of
delivery. After this period, the manufacturer provides a 6-month warranty on all repaired or replaced device components in the event of repair. Damage caused
by improper handling, opening of the device, or use of force is not covered by the warranty. The manufacturer is not liable for any consequential damage or for
improper use of the product. In the event of a device malfunction during the warranty period, the device will be repaired or calibrated free of charge. Shipping
costs will be borne by the respective sender. The manufacturer reserves the right to replace the device or parts of the device instead of repairing it. If the fault
is due to misuse or force, the costs will be charged by the manufacturer. In this case, a cost estimate will be provided upon request before the repair begins.

1.3 Scope of delivery

CS including connection cable, two mounting nuts, and quick start guide
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1.4 Maintenance

Never use cleaning agents containing solvents
(neither for the optics nor for the housing).

1.4.1 Cleaning

Loose particles can be blown away with clean compressed air. The lens surface can be cleaned with a soft, damp cloth (moistened with water
or a water-based glass cleaner).

1.5 CE Declaration of Confirmity

The device complies with the following standards:
EMV requirements:

EN 61326-1:2006 (Basic testing requirements)
EN 61326-2-3:2006

Device safety of measuring instruments:

EN 61010-1:2010
EN 60825-1:2007 (laser safety)

The product complies with the requirements of the EMC Directive 2004/108/EC and the Low Voltage Directive 2006/95/EC.

This product complies with Directive 2011/65/EU of the European Parliament and of the Council of June 8, 2011, on the restriction of the use of certain hazardous
substances in electrical and electronic equipment.

2 Technical data

2.1 Factory default setting

Smart averaging or adaptive averaging refers to a dynamic adjustment of the averaging process to steep
signal edges [activation only possible via software]. [ > Appendix D - Adaptive averaging]

The factory settings can be changed using the optionally available USB kit (USB adapter cable + parameterizati-
on software). If the device is supplied with a USB kit, it is already preset for digital communication (bidirectional).
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The devices have the following default settings upon delivery:

Technical data

SENSORS

Emissivity

Transmission

Averaging (AVG)

Smart Averaging

Smart Averaging Hysteresis
Ambient temperature source
Status-LED-Function

Input (IN/OUT / green)
Output (OUT / yellow)
Temperature measuring range
Output voltage
Thermocouple output

Vce settings
Post-processing

Calibration

Failsafe

Technical changes reserved
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0.950

1.000

03s

active

2°G

internal (head temperature)
Self-diagnosis

inactive

mV output

0...350 °C

0..35V

inactive

inactive

Hold-function: off
Increase 1.000/ Offset 0.0
inactive
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When using the CS in online maintenance applications (e.g., in control cabinets), the following recommended settings are already included in the factory settings

but are inactive:

Settings
ouTt

IN/OUT

Vcc settings

Technical changes reserved
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The following settings are preset for a 3-stage output:

Pre-alarm difference: 2 °C
No alarm level: 8 V
Pre-alarm level: 5 V
Alarm level: 0 V

Service voltage: 10 V

The following settings are preset for the alarm output (open collector):

Mode: normally closed

Temp. code output: active (for values above the alarm threshold)
Range settings: 0 °C = 0% / 100 °C = 100%

When activated, the following settings are specified:

Area U, - 0..10 V

Alarm level Alarm threshold (IN / OUT pin) Vce
1 40°C (Y
2 45 °C 12V
3 50 °C 13V
4 55°C 14V
5 60 °C 15V
6 65 °C 16V
7 70 °C 17V
8 75°C 18V
9 80 °C 19V
10 85°C 20V

B+B Thermo-Technik GmbH | Heinrich-Hertz-Stralle 4 | D-78166 Donaueschingen
Fon +49 771 83160 | Fax +49 771 8316-50 | info@bb-sensors.com | bb-sensors.com

7 CE

6/25



OPERATION MANUAL

Infrared temperature measuring device 0560 0447-20

2.2 General specifications

SENSORS

Spezifications

Degree of protection IP63

Ambient temperature -20...+80 °C

Storage temperature -40...+85 °C

Relative humidity 10...95%, non-condensing
Material Stainless steel

Dimensions 85 mm, M12x1

Weight 589

Cable length 1 m (Standard), 3m, 8 m, 15 m
Cable diameter 4,3 mm

Vibration IEC 60068-2-6 (sinusoidal), IEC 60068-2-64 (broadband noise)
Shock IEC 60068-2-27 (25 g and 50 g)

2.3 Electrical specifications

Spezifications

Pin used
ouT
X

X
X

X
OUT tlcK

Status-LED

Vcc settings

Output impedance
Power consumption
Power supply

IN/OUT

Analog
Alarm
Alarm

X Analog

X Temp. Code

X Input

X Serial digital ¥
Analog

Function

0..5V"0r0..10 V 2/ scaleable

Output voltage adjustable; N/O or N/C

3-stage alarm output (three voltage levels for no alarm, pre-alarm, alarm)
Programmable Open-collector-output [0...30 V DC/50 mA] 4
Temp.-Code-output (open collector [0...30 V DC/50 mA] 4

Programmable functions:

+  External emission level setting

*  Ambient temperature compensation

«  Triggered signal output and peak hold function

uni- (burst mode) or bidirectional

Thermocouple output type K; selectable as an alternative to the mV output (software
grounding required)

green LED with programmable functions:

«  Alarm display (threshold value independent of alarm outputs)

+  Automatic target assistance

+  Self-diagnosis

«  Temperature code display

10 adjustable emission levels and alarm values by varying the supply voltage / service
mode for activating the analog output

min. 10 kQ load resistance

10 mA

5..30 VDC

10...4,6 V at supply voltage 5 V DC; also applies to alarm output | 2 only at supply voltage = 11 V | ¥ inverted RS232 signal, TTL, 9,6 kBaud # can carry up to
500 mA when the mV output is not in use | ® High level: > 0,8 V / Low level: < 0,8 V
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Supply voltage [white] J—
Analog output / TxD (5 V) / Analog output [yellow] —_—
Analog output / RxD (5 V) / Open-collector-output [green] —_—
Mass (L) [brown] —
Thermocouple output type K (+) [green] ¥ —
Thermocouple output type (-) [white] ¥ —
Shield [black] —

' The thermocouple output cables are additionally marked to prevent incorrect connection due to the similarity in color to other wires (white, green).

2.4 Measurement specification

Measurement specification
Temperature range

Spectral range

Optical resolution

CF optics (optional)

Accuracy 1) 2)

Reproducibility 1)

Temperature coefficient 3)
Temperature resolution (NETD) 4)
Acquisition time (90% signal)

-40...+1030 °C (scaleable via software)

8..14 um

15:1

0,8mm @ 10 mm

+1,5 °C or £1,5% from the measured value (the higher value applies in each case)
40,75 °C or £0,75% from the measured value (the higher value applies in each case)
40,05 K/K or £0,05%/K (the higher value applies in each case)

0,1K

25 ms (95% signal/adjustable up to 999 s via software)

Heating time
Emissivity/amplification
Transmission factor
Interface (optional)
Signal processing

Software

10 min

0,100...1,100 (adjustable via 0...10 VDC - input or software)
0,100...1,100 (adjustable via software)

USB (programming adapter)

Average, MAX, MIN, extended hold function with threshold value and hysteresis,
triggered signal output, triggered peak hold (adjustable via software)

optional (CompactConnect)

at ambient temperature 2315 °C and object temperature > 0 °C

2 Accuracy when using the thermocouple output: £2,5 °C or £1%

% for ambient temperature < 18 °C and > 28 °C

4 at time constant = 100 ms with adaptive averaging and an object temperature of 25 °C

2.5 Optical diagrams
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The size of the object to be measured and the optical resolution of the IR thermometer determine the ma-
ximum distance between the measuring head and the object.

To avoid measurement errors, the object being measured should completely fill the field of view of the
measuring head optics. This means that the measuring spot must always be at least as large as or smaller
than the object being measured.
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The following optical diagrams show the diameter of the measuring spot as a function of the measuring distance. The measuring spot size refers
to 90% of the radiation energy.

The distance is measured from the front edge of the sensor/CF lens holder/blow-off attachment.

s 7 8 13 20 27 33 40 47 53 (mm)
oo 100 200 300 400 500 600 700 800 (mm)

llustration 1: Optical diagram CS (15:1)

5 08 5 11 16 21 27 32 (mm)
oo 5 10 15 20 25 30 35 40 (mm)

llustration 2: Optical diagram CS (15:1) with CF lens (0,8 mm @ 10 mm)

2.6 CF attachment optics

+  When using the attachment lens, the transmission must be set to 0.78. To change this parameter, you need
the USB kit (including software).

«  The specified transmission value (average value) is a typical value that may vary to a certain extent. If
necessary, the transmission must be determined.

The optional attachment optics enable the measurement of very small objects. The CF optics can also be combined with the laminar free-blow attachment.
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M 12x1

llustration 3: CF optics llustration 4: Laminar free-blow attachment with integrated CF optics

2.7 LED functions

The green LED can be programmed for the following functions. The USB adapter cable including software (optional) is required for programming.
The self-diagnostic function is activated at the factory.

LED functions

LED alarm LED lights up when an alarm threshold is exceeded or not reached
automatic targeting function Aiming aid for aligning the sensor with hot or cold objects
Self-diagnosis LED indicates various sensor statuses

Temperature code display Output of the object temperature via the LED

off LED disabled

2.7.1 Automatic targeting function

The automatic target function allows the sensor to be easily aligned with the measurement object (which should have a different temperature from the surroun-
ding area). When the function is activated via the software, the sensor searches for the highest object temperature; i.e., the threshold value for activating the
LED is automatically adjusted.

This also works when aligning with a new (possibly colder) object. After an adjustable reset time (factory setting: 10 s), the threshold value for the LED response
is redefined.

2.7.2 Self-diagnosis

With a supply voltage (Vcc) = 12V, it takes approx. 5 minutes for the sensor to stabilize. The LED therefore
indicates an unstable state during the first 5 minutes after switching on.

With this function, the respective device status is indicated by different flashing modes of the green LED.
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Flashing modes
When activated, the LED indicates one of five possible sensor states:

Normal interrupted off - - - - - - - -
Sensor overheated fastflashing e
Outside the temperature range double flashing R T R
Not stable interrupted on
Alarm error always on

Illustration 5: Sensor states

Sensor states

Sensor overheated The internal temperature sensors have detected an impermissibly high intrinsic temperature of the CS.
Outside the temperature range The object temperature is outside the measuring range.

Not stable The internal temperature sensors have detected an uneven intrinsic temperature of the CS.

Alarm error Too much current is flowing through the switching transistor of the open collector output.

2.7.3 Temperature code display

With this function, the currently measured object temperature is displayed as a percentage value by means of long and short flashes of the LED. With a range
setting of 0-100 °C — 0-100%, the display corresponds to the temperature in °C.

Temperature code display

Long flashing — tens digit: XX
Short flashing — single digit: XX
10 long flashes — tens digit = 0 0X
10 short flashed — single digit = 0 X0
Examples
87 °C 8 lang flashes 87
und danach 7 short flashes 87
31°C 3 long flashes 31
und danach 1 short flash 31
8°C 10 long flashes 08
und danach 8 short flashes 08
20°C 2 long flashes 20
und danach 10 short flashes 20
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3 Installation
3.1 Mechanical installation

The CS is equipped with a metric M12x1 thread and can be installed on existing mounting fixtures either directly via this thread or with the aid of the two hex
nuts (standard).

87

Illustration 6: Dimension CS

The LED can be used in operating mode » 2.7.1 Automatic targeting function to precisely align the sensor with the measurement object.

3.1.1 Mounting accessories

The mounting fork can be combined with the mounting bracket [order no. 0560 0447-28] via the M12x1 foot.

lllustration 7: Mounting bracket, adjustable in lllustration 8: Mounting bolt with M12x1 thread, lllustration 9: Mounting fork with M12x1 thread,
one axis, [Order No. 0560 0447-28] adjustable in two axes [Order no. 0560 0447-34] adjustable in two axes [Order no. 0560 0447-13]
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llustration 10: Mounting bracket, adjustable in two axes

3.1.2 Air purge units

+  Use only oil-free, technically pure air.
+  The required air volume (approx. 2...10 I/min.) depends on the application and the conditions at the instal-
lation site

Deposits (dust, particles) on the lens, as well as smoke, haze, and high humidity (condensation) can lead to incorrect measurements. These effects can be
avoided or reduced by using an air purge unit.

M 12x1

lllustration 11: Standard air purge unit;can be lllustration 12: Laminar air purge unit - the lateral lllustration 13: Combining the laminar air purge
combined with mounting bracket; hose con- air outlet prevents the object from cooling down at unit with the lower part of the mounting fork crea-
nection: 3x5 mm small measuring distances; hose connection: 3x5 tes a unit that can be adjusted in two axes.

mm
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3.1.3 Other accessories

SENSORS

When using the protective window, the transmission must be set to 0.83. To change this parameter, you need
the USB kit (including CompactConnect software).

D14

10

lllustration 14: Right-angle mirror attachment, enables measurements at a
90° angle to the sensor axis

E
B .
‘ Fo o
57 ‘__3‘3%

M 12x1
5,1_5

lllustration 15: Protective window, same mechanical dimensions as CF optics

lllustration 16: USB kit: USB programming adapter including terminal block and software CD
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3.1.4 Tilting joint

These mounting accessories allow fine adjustment of the CS with a maximum angle of +/- 6.5° to the mechanical axis.

SW17

M12x1

lllustration 17: Tilting joint

3.2 Electrical installation

Use a separate, stabilized power supply with an output voltage of 5...30 VDC, which supplies a minimum current
of 100 mA. The residual ripple should be max. 200 mV.

+  The shield [black] is separated from the GND connection [brown] on the CS. It is essential that the shield is

@ «  Only shielded cables may be used. The sensor shield must be grounded.
connected to the GND at the end!

Analog device (mV output OUT pin)

@ The output impedance must be = 10 kQ.

Power (+) [white]

OUT [yellow] 530VDE

IN/ OUT [green] =

GND (-) [brown]

Shield [black]
lllustration 18: Analog device (mV output at OU pin)
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Analogg device (Thermocouple output type K at the OUT t/c K-pins)

The output impedance must be = 20 kQ.

Power (+) [white]

OUT [yellow] S-30VDC
IN/ OUT [green] i
GND (-} [brown]

OUT tic K +[green] ®—|
OUT tic K - [white]

Shield [black]

lllustration 19: Analog device (Thermocuple output type K at the OUT t/c K-pins)

With the CS, you can choose between an mV output signal (0-5 or 0-10 V; scalable via software) and a thermocouple output. This requires the optional software.
The factory default setting is set to mV output. » 2.1 Factory default settings

The thermocouple output supplies a voltage corresponding to the type K thermocouple characteristic curve. When extending this output, a suitable thermocoup-
le extension cable (NiCr-Ni) must be used.

3.2.1 Digital Communication

The optional USB kit is required for digital communication.

Connect each wire of the USB adapter cable to the same-colored wire of the sensor cable using the terminal block. Press on the individual contacts with a
screwdriver as shown to release a contact.

|

lllustration 20: Connection USB adapter cable
The sensor supports two options for digital communication:

+  Bidirectional communication (sending and receiving data)
+  Unidirectional communication (burst mode—the sensor only sends data)
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Power (+) [white] 5V DC
ouUT [yellow]
IN/OUT _ [green]
GND (-) [brown]

Shield [black]

lllustration 21: Digital communication options

3.2.2 Open-Collector-output

With long cables, a voltage drop occurs across the ground cable, which distorts the mV output. In this case, the
brown wire can be used as the supply ground and the t/c wire (type K) as the measuring ground.

Power (+) [white]
OUT [yellow]

IN/ OUT [green]
GND (=) [brown]
OUTtc K +[green]

OUT tic K - [white]
Shield [black]

5-30 VDC
Pl +

§ :Z:D-Sﬂ VDC/ 60 mA -|-_

®

lllustration 22: Open-Collector-output as an additional alarm output

The open collector output is an additional alarm output on the CS and can, for example, control an external relay. The normal analog output is also available in
this case.

3.2.3 Direct connection to an RS232 interface on the PC

A suitable interface module for a bidirectional RS232 connection of the sensor is, for example, MAX3381E (manufacturer: Maximum) » Appendix C - Direct
connection to an RS232 interface on a PC.
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4 Schematic diagrams for maintenance applications
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lllustration 23: Direct control of 24 V signal lamps via the lllustration 24: Joint modification of the operating voltage for simultaneous swit-
open collector output ching of alarm thresholds and emission levels [Vcc adjust mode]

24U
|
§hﬂ

i " 1N4148
C S l yelow le —= RELAY1

—=ALARM

1pK
R1
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GHD

yellow LN‘LB]‘E
C53 bE

GND

18K
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—=RELAYZ
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18K
R3

|
|
|
|
|
-
|

lllustration 25: Easy generation of summary alarms and
pre-alarms
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5 Software CompactConnect

Minimal system requirements

«  Windows Vista, Windows 7, Windows 8

« USB interface

+  Hard disk with at least 30 MB of free storage space
* Atleast 128 MByte RAM

« CD-ROM drive

A detailed description of the software can be found on the software CD.

5 Installation
1. Insert the installation CD into the appropriate drive on your PC. If the autorun option is enabled on your computer, the installation wizard will start auto-
matically.

2. Otherwise, run setup.exe from the CD-ROM and follow the instructions provided by the wizard until the installation is complete. After installation, you will
find the software on your desktop (as a program icon) and in the Start menu under Start\Programs\CompactConnect.

To uninstall the software, use Uninstall in the Start menu.

-4 - s PN Y 8 A A I PN e | 2uec | nec | e |

e |
= i " : == i
/‘\’ \ [} ‘ __|
EEE | e
e
| \ o J

lllustration 26: Software CompactConnect

Main features

«  Graphical display and recording of temperature measurements for later analysis and documentation
«  Complete parameterization and remote monitoring of the sensor

+  Programming of signal processing functions

+  Scaling of outputs and parameterization of function inputs
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5.2 Communication settings

5.2.1 Serial interface

Interface
Baud rate 9.6 kBaud
Data bits 8
Parity none
Stopp bits 1
Flow control off

5.2.2 Protocol

All CS sensors use a binary protocol. To achieve fast communication, additional overhead with CR, LR, or ACK bytes is omitted. To supply power to the sensor,
the “DTR” control signal must be set.

6 Digital instruction set

Instrcution set CS/CSmicro/CX

DECI- HEX Binary Command Data Answer Result Unit
MAL I ASCII
1 0x01  Binary READ Temp - Target none byte 1 byte 2 = (byte 1 x 256 + byte 2 - 1000) / 10 °C
2  0x02 Binary READ Temp - Head none byte 1 byte 2 = (byte 1 x 256 + byte 2 - 1000) / 10 °C
3  0x03 Binary READ current Temp - Target  none byte 1 byte 2 = (byte 1 x 256 + byte 2 - 1000) / 10 °C
4  0x04 Binary READ emissivity none byte 1 byte 2 = (byte 1 x 256 + byte 2) / 1000
5 0x05 Binary READ transmission none byte 1 byte 2 = (byte 1 x 256 + byte 2) / 1000
9 0x09 Binary READ process temperature none byte 1 = (byte 1 x 256 + byte 2 - 1000) / 10
14 OxOE Binary READ serial number none byte 1 byte 2 byte 3 = byte 1 x 65536 + byte 2 x 256 + byte 3
15 OxOF Binary READ FW Rev. none byte 1 byte 2 = byte 1 x 256 + byte 2
129 0x81 Binary SET DAC mV/mA byte 1 byte 1 byte 1 =mV (mA) x 10 (i.e. 4 mA=4x10=40) °C
130 0x82 Binary RESET of the DAX mV/mA
output
132 0x84 Binary SETZEN emissivity byte 1 byte 2 byte 1 byte 2 = (byte 1 x 256 + byte 2) / 1000

Temperature calculation for CSmicro hs: (byte 1 x 256 + byte 2 -10000) / 100

EXAMPLES (all bytes in HEX)

Reading the object temperature

Send: 01 Command to read the object temperature 04 D3 = dec. 1235

Receive: 04 D3 Object temperature in tenths of degree + 1000 1235 - 1000 =235
235/10=23,5°C.
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Reading of the object temperature (CSmicro 2Whs)

Send: 01 Command to read the object temperature 30 3E =dec. 12350
Receive: 30 3E Object temperature in tenths of degree + 10000 12350 - 10000 = 2350
2350/100 = 23.50 °C

Setting the emissivity
Send: 84 03 B6 03 B6 = dec. 950
Receive: D3 B6 950 /1000 = 0,950

Burst mode (unidirectional)
After activation, a continuous signal is generated. The burst string can be configured using the software.

Burst string Example complete Burst string  Conversion to decimal value
2 Synchronization bytes: AAAA
2 bytes for the initial value (HILO) 03B8 AAAA 03B8 Processtemp. [°C] = (Hex — Dec (03B8)-1000)/10 = 4.8

7 Principle of infrared temperature measurement

Depending on the temperature, every body emits a certain amount of infrared radiation. A change in the temperature of the object is accompanied by a change
in the intensity of the radiation. The wavelength range of this so-called “thermal radiation” used for infrared measurement technology is between approximately
1um and 20um. The intensity of the emitted radiation depends on the material. The material-dependent constant is referred to as emissivity (e - Epsilon) and is
known for most materials (see section on emissivity).

Infrared thermometers are optoelectronic sensors. They determine the infrared radiation emitted by a body and calculate the surface temperature on this basis.
Probably the most important feature of infrared thermometers is their non-contact measurement. This makes it easy to determine the temperature of objects that
are difficult to access or moving. Infrared thermometers essentially consist of the following components:

« Lens
«  Septral filter
«  Detector

«  Electronics (Amplification / Linearization / Signal processing)

The properties of the lens significantly determine the beam path of the infrared thermometer, which is characterized by the ratio of distance to spot size. The
spectral filter is used to select the wavelength range that is relevant for temperature measurement. Together with the downstream processing electronics, the
detector has the task of converting the intensity of the emitted infrared radiation into electrical signals.

8 Emissivity
8.1 Definition

The intensity of infrared heat radiation emitted by any body depends on both the temperature and the radiation properties of the material being examined.
The emissivity (e - Epsilon) is the corresponding material constant that describes a body's ability to emit infrared energy. It can range from 0 to 100%. An ideal
radiating body, a so-called “black body,” has an emissivity of 1.0, while the emissivity of a mirror, for example, is 0.1.
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If the emissivity is set too high, the infrared thermometer will measure a lower temperature than the actual temperature, provided that the object being measured
is warmer than the surrounding environment. With a low emissivity (reflective surfaces), there is a risk that interfering infrared radiation from background objects
(flames, heating systems, fireclay, etc.) will distort the measurement result. To minimize measurement errors in this case, the device should be handled with
great care and shielded from reflective radiation sources.

8.2 Determination of emissivity

» The current temperature of the object being measured can be determined using a thermocouple, contact sensor, or similar device. The temperature can then
be measured with the infrared thermometer and the emissivity adjusted until the displayed measurement value matches the actual temperature.

» For temperature measurements up to 380 °C, it is possible to attach a special plastic sticker (emissivity sticker — order no.: ACLSED) to the measurement
object, which completely covers the measuring spot.

1. Now set the emissivity to 0.95 and measure the temperature of the sticker.

2. Then determine the temperature of a directly adjacent surface on the object being measured and set the emissivity so that the value matches the previously
measured temperature of the plastic sticker.

3. Apply matte black paint with an emissivity of more than 0.98 to part of the surface of the object to be examined, if possible. Set the emissivity of your infrared
thermometer to 0.98 and measure the temperature of the painted surface.

4. Then determine the temperature of a directly adjacent area and change the emissivity setting until the measured temperature corresponds to that of the
painted area.

IMPORTANT: For all three methods, the object must have a temperature that differs from the ambient temperature.

8.3 Characteristic emission levels

If none of the methods described above for determining your emissivity are applicable, you can refer to the emissivity tables in Appendix A and Appendix B.
Please note that the tables only contain average values. The actual emissivity of a material is influenced by the following factors, among others:

«  Temperature

¢ Measuring angle

«  Surface geometry (flat, convex, concave)

«  Material thickness

+  Surface finish (polished, oxidized, rough, sandblasted)
«  Spectral range of the measurement

+  Transmission properties (e.g., for thin films)
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Appendix A - Emissivity table for metals

Aluminium

Lead

Chrome
[ron

Iron. cast

Gold
Haynes
Inconel

Copper

Magnesium
Brass

Molybdenum

Monel (Nu-Cu)
Nickel

Platinum
Mercury
Silver
Steel

Titanium

Tungsten
Zinc

Tin
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not oxidized
polished
roughened
oxidized

polished
roughened
oxidized

not oxidized
rusty
oxidized
forged. blunt
not oxidized
oxidized

Alloy
electropolished
sandblasted
oxidized
polished
roughened
oxidized

polished

rough

oxidized oxidized
not oxidized
oxidiert

electrolytical
oxidized

black

polished sheet metal
rust-free

heavy plate
cold-rolled

oxidized

polished

oxidized

polished

polished
oxidized

not oxidized

0.02-0.1
0.02-0.1
0.1-03
0.2-04
0.05-0.1
0.4
02-06
0.02-0.2
0.05-0.2
0.05-0.7
05-0.9
0.9

0.2
0.6-0.95
0.01-0.1
03-08
0.15
0.3-06
0.7-0.95
0.03
0.05-0.1
04-08
0.02-0.1
0.01-0.05
0.3

05

0.1
0.2-06
0.1-0.14
0.05-0.15
0.2-05
0.9
0.05-0.15
0.02

0.1
0.1-08
04-06
0.7-0.9
0.7-0.9
0.05-0.2
0.5-0.6
0.03-0.1
0.02

0.1

0.05
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Appendix B - Emissivity table for non-metals

Asbestos
Aspahlt
Basalt
Concrete
Ice

Soil

Paint
Plaster
Glass
Rubber
Wood
Limestone
Carborundum
Ceramics
Gravel
Carbon

Plastic > 50 pm
Paper

Sand

Snow

Textiles

Water

Appendix C - Direct connection to an RS232 interface on a PC

A suitable interface module for a bidirectional RS232 connection of the sensor is, for example, MAX3381E (manufacturer: Maxim).

non-alkaline

natural

not oxidized
Graphite
opaque
every color
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0.95

0.95

0.7

0.95

0.98
0.9-0.98
0.9-0.95
0.8-0.95
0.85

0.95
0.9-0.95
0.98

0.9

0.95

0.95

08-09
0.7-08

0.95
0.95
0.9
0.9
0.95
0.93
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UART voltage (RxD) 33V 33V 33V
UART voltage (TxD) 5V 25V 25V 25V

previous sensor versions:

CSv1 CS / version 1 (— 12/2010)
CSMv1 CSmicro / version 1 (—09/2011)
CA connections: TxD (yellow) at T1IN

RxD (green) at R10UT

GND (brown) at GND
PC connections: T10UT connecting with RxD (PC)

R1IN connecting with TxD (PC)

Appendix D - Adaptive averaging

Averaging is typically used to smooth signal curves. This function can be optimally adapted to the respective application using the adjustable time parameter.
One disadvantage of averaging is that rapid temperature increases caused by dynamic events are subject to the same averaging time and are therefore only
available at the signal output after a time delay. The adaptive averaging function (smart averaging) eliminates this disadvantage by passing rapid tempera-
ture increases directly to the signal output without averaging.
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