. Order No.: 22885 — 2019-08-16

WOHLER

Operation Manual
Suspended Particulate Analyser

Wohler SM 500

The measure of technology



Contents

Contents

1.1
1.2
1.3
1.4
1.5
1.6
1.7

21
211
21.2
2.2
23
2.31
23.2

3.1
3.2

41
4.2

4.3
4.31

4.3.2

4.3.3

4.4
4.4.1

General Information............cccccceerrnnee. 5
Operation Manual Information....................... 5
NOtES ... 5
Proper USe .......ccooooiiiiii 5
ComMPONENES....ccceeiiiiiiiieee e 6
TransSpPOrt.......oooceeeie e 6
Information on disposal .............cccccvveeieennnns 7
Manufacturer..........cccooooiiii 7
Technical Data...........cccocmrrrriiiciinnnnnnnnn 8
Measurement readings...........cccceveiiiiiieneennn. 8
Suspended Particulate Matter Concentration 8
Measurement readings Flue gas analysis..... 9
Calculated Values .........ccccevveviiiiieneinien, 10
Technical Data ..........cccuveieiiiiiiieeees 11
Technical Data ..........cccoeiieiiiiiiiees 11
Technical Data of peripheral devices .......... 11
Design and function .........c.cccccviinneen 12
CompoNeNtS......ccoevviiiiiieeeeeeeeeee e 12
Control Unit........ooooiieieii e 14
Setting up and dismantling the

F= 1 T= 12T =1 18
Setting up the analyser...........c.cccoceeeinneen. 18
Dismantling the analyser (please refer also
TOFiIg. 1) e 20
Probe connections............cccccciiiiiinn. 22
Probe and cable-hose assembly for core flow
search and draft measurement ................... 22
Probe and cable-hose assembly for flue gas
ANAlYSIS ... 23
Particulate-matter sampling probe for TSPM
mass concentration measurements............. 23
Handling the heated intake hose................. 24
Hose bend radius ..........ccccoiiiiiiiiiiienee. 24



442
4.4.3

5.1
5.1.1
51.2
5.2
5.3
5.4
5.5
5.6
5.7
5.8

6.1
6.2
6.3
6.4
6.4.1
6.4.2
6.4.3
6.4.4
6.5
6.6
6.6.1
6.6.2
6.6.3
6.7
6.8

7.1
7.2

Attaching the intake hose to the control unit 24

Movements when measuring....................... 25
TSPM mass concentration
measurements.........cccnininnnnnn. 26
Planning measurements..................ccoeeee. 26
Measurement orifice ........c.ccccooviiiiiininiis 26
Measurement phases ............ccccceeeeieeeen. 26
SWItching ON ..o 27
Leak tightness test.........cccooiiiiiiiiis 28
Selecting a threshold value.......................... 29
Stabilizing phase........cccccovceeiiiiiii 30
Screens displayed during measurement...... 33
Results display........cccccceeviiiiii 35
Following every analysis...........ccccceoiuineen. 36
Menu ... 37
Submenu "TSP mass meas."...................... 39
Submenu "Flue gas analysis" ...................... 39
Submenu "Print result”.............ccoooi 41
Submenu "Data” ........ccccoo i 43
CUSIOMET ... 43
NeW record ........cccovviiiiiiiiiiiieee 44
Print records ..o 45
Delete ..o 45
Submenu "Save"..........ccoo 46
Submenu "Test".......ocooeii 47
MaSS ..o 48
Volr: 4.5 NL/min and volg: 3.0 NL/min ......... 51
Flue gas analysis........ccccccoeecuiiieiieeceeciine, 51
Submenu "Settings"..........ccccceiiiiiiie 54
Submenu "Calibration"............cccceeeiiieernnnne 55
Maintenance..........ccocccemrriiniiciinennnnnnn 56
Inspection and maintenance list................... 57
Emptying condensate and replacing the

fleece filter ... 58



Contents

7.3
7.4
7.5
7.6

7.7

8.1
8.2

9.1
9.2

10
11

Replacing the cotton filter in the case.......... 60
Cleaning the heated intake hose................. 60
Cleaning the digital mass scale unit............ 65
Checking the hose temperature sensor,

clean if necessary........cccccoeiiiiiiiiii e, 66
Sensor Replacement............ccccceeeeeeecnnneeen. 73
Control functions / faults ................... 75
Self-test .. 75
Control functions .........cccccooiiiiiiiniiinee. 75
Warranty and Service..........cccvvuernnne 78
Warranty........ooeeveeeeeiiiiiiiiiiiiiiieieeeeeeeeeeeeeees 78
SEIVICE .. 78
EC Conformity.......ccccvriermrnniennnininennn 79
ACCESSOrIeS.....umiiiiiriicceee s 80



1.2

1.3

General Information

General Information

Operation Manual
Information

Notes

Proper Use

This operation manual allows you to work safely
with the Wéhler SM 500 Suspended Particulate
Analyzer. Please keep this manual for your infor-
mation.

The Woéhler SM 500 suspended particulate ana-
lyzer should be employed by professionals for its
intended use only. Liability is void for any damag-
es caused by not following this manual.

AWARNING!

Not following this warning can cause injury or
death.

! ATTENTION!
Not following this note can cause permanent
damage to the device.

=" noTE!

Useful information

The Wohler SM 500 Suspended Particulate Ana-
lyser is approved for online mass concentration
measurements of total suspended particulate mat-
ter (TSPM) at small solid fuel firing installations in
accordance with the 1st. BImSchV (German Fed-
eral Immission Control Act) of 26" January 2010
The Woéhler SM 500 Suspended Particulate Ana-
lyser is not suitable for continuous operation. A
complete analysis takes 15 minutes. The analyser
is designed for indoor use only. It corresponds to
instrument categories A1s0/B1s0, C150 to
A20/B20/C20.in accordance with VDI 4206 Part 2
(VDI = Association of German Engineers). In ac-
cordance with § 3 of 1st BImSchV it is suitable for
use with the following fuels:

Class A: Natural wood (4, 5 and 5a)
Class B: Wood materials, straw and grain
(6,7 and 8)

Class C: Coal (1,2 and 3)



General Information

1.4 Components Device

Components

Wéhler SM 500
Suspended Particulate
Analyser

1.5 Transport ]
e ATTENTION!

High precision digital
mass scale unit

Flue gas condenser

Heated probe and
hose assembly

Control cable 1,10 m

Probe and hose as-
sembly, 2950 mm, for
flue gas analysis SM
500

Mains cord 2,5 m

Flue gas hose 2,5 m

2 x hose assembly at
the condensate trap

Heavy duty carrying
case
Wéhler SM 500

Mini scraper

Pack with filter car-
tridges

Remove the filter cartridge before transporting the

device .

Always transport the meter in the provided carry-
ing case in order to prevent damage. Store all
parts in the heavy duty case as described in chap-
ter 4 and close the case carefully. For transporta-
tion, put the foam ring on the filter cartridge in the
mass scale unit. In chapter 4.4 you will find notes
for handling the heated hose assembly.



1.6

1.7

General Information

Information on disposal

Manufacturer

Electronic equipment does not belong into domes-
tic waste, but must be disposed in accordance
with the applicable statutory provisions.

Wohler Technik GmbH
Wohler-Platz 1
D-33181 Bad Winnenberg

Tel.: +49 2953 73-100
Fax: +49 2953 7396-100
E-Mail: international@woehler.de



2 Technical Data
21 Measurement readings
211 Suspended Particu-

Technical Data

late Matter Concen-
tration

Filter load (ms¢) in 15 min

Reading Filter load in mg at a deposi-
tion temperature of 75°C

Sensor Gravimetrical online

technology weighting procedure

Range 0,0-45,0 mg (corresponds
to 0,0 mg/m® - 1000,0 mg/m®
in the flue gas where O, =
O2ref)
10 to 300 mg/m"® approved
according to VDI 4206-2

Accuracy Better than £ 0,3 mg

Sample rate (Vols)

Reading

Standard litres per minute

Sensor technol-
ogy

Differential pressure

Range 4,5 Lin/min and
3,0 Lin/min
Accuracy Better than + 5%

Oxygen (O2) concentration in flue gas

Reading

Volume % referred to dry
flue gas

Sensor technol-

electrochemical

ogy
Range 0,0 to 21,0 Vol.-%
Accuracy + 0,3 Vol.-% according to

VDI 4206 sheet 1



2.1.2

Measurement read-
ings
Flue gas analysis

Technical Data

Carbon monoxide (COv) in flue gas

Reading Volume ppm referred to dry
flue gas

Sensor tech- electrochemical

nology

Range 0 to 100.000 Vol.-ppm,
resolution 1 Vol.-ppm
(< 32.000 ppm), else 10 ppm

Accuracy + 100 Vol.ppm (< 1000 ppm),
else 10% of reading, accord-
ing to VDI 4206 sheet 1

Draft (PD)

Reading Pascal

Sensor tech- Semiconductor

nology

Range 0,00 to £ 10,00 hPa,
resolution 1 Pa

Accuracy 3 Pa (<100Pa),

else 3% of reading

Flue gas temperature (TA)

Reading °C

Sensor tech- Thermocouple

nology (NiCr-Ni)

Range -20,0 °C to 800,0 °C
resolution 0,5 °C

Accuracy +2°C up to 133°C, else

1,5 % of reading



2.2

10

Technical Data

Calculated Values

Reading

Explanation

Mst

Total suspended particulate
matter mass concentration in
flue gas referred to the ad-
justable oxygen reference
value in mg/m3' BImSchV vom
26. Januar 2011, darlber
hinaus bis 1000 mg/m? in
TUV-Priifung nachgewiesen.

Vol

Sample volume in SL

O concentration in % given
as 15 min average value

COv

CO concentration in ppm giv-
en as 15 min average value

COn

CO air free concentration in
ppm referred to the adjustable
oxygen reference value
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2.3.2

Technical Data

Technical Data

Description

Technical Data

Data

Power supply

Mains operation

Efficiency

1200 W max.

Voltage

230V, 50Hz

Storage Temperature

-20°C to 50 °C

Work temperature

+5°Cto40°C

Relative humidity

10% -70 %

Weight

approx. 14 kg

Dimensions

480 x 240 x 550 mm

Operating life of the
O cell and the CO cell

Technical Data of peripheral devices

approx. 2 years

Description Data

Suspended particulate | VA pipe 4 mm

probe Aperture 9,74 mm
conical

Length: 350 mm

Heated hose

Length 2000 mm

Wohler filter cartridge

19,8 mm &
Size: 12 mm,
Tmax: 100°C

Probe and hose as-
sembly for flue gas
analysis

Length of the hose
1700 mm

11



Design and function

3 Design and function

3.1  Components

19

] 5
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12 Fig. 1: Analyser components



Design and function

Diagram key 1 On/Off switch
2 Power supply connection (hidden from view

* The components listed below are n th.e photo by a hose) ]
hidden from view inside the analyser 3 Particulate-matter sampling probe

in the photo (Fig. 1); however, they 4  Heated sample intake hose
are depicted in the drawing in Fig. 3.
s e 6, 7, 6 10 5 CH(;)VS(;::r )temperature sensor (located below the
located in or behind the control unit. 6 Digital | i
The components 25-29 are located in 'gltal mass S_Ca eun .
the bottom compartment of the case. 7 Feed tube to filter holder
8  Filter cartridge™
9  Screw cap
10 Power supply connection for hose heater*
11 Hose clamp for heated intake hose (hidden

from view in the photo by control unit)

12 Control unit housing the high precision digi-
tal mass scale unit

13 4 key operator control panel

14 USB connection and infrared port for
printouts

15 Control cable

16 Connecting hose
"digital mass scale unit — flue gas conden-
ser"

17 Flue gas condenser

18 Connecting hose
"flue gas condenser - case*

19 Hose connection with cotton filter
20 Fleece filter

21 Connection for probe and cable-hose as-
sembly to measure flue gas temperature

22 Connection for probe and cable-hose as-
sembly to measure differential pressure in
the stack

23 Reel to store heated intake hose

24 Telescopic stand with clamps

25 Standard volume flow rate measurement*
26 Controlled pump*

27 Diaphragm pump for gas sensors

28 0Oz and CO gas sensors

29 Flue gas exhaust hose to exhaust flue gas
out of analyser 13



Design and function

3.2 Control unit

WOHLER

Fig. 2: Front view of control unit

14

The digital mass scale unit of the SM 500 is locat-
ed at working height on top of the extended tele-
scopic stand. It is equipped with a control unit and
integrated display to facilitate full visual control of
the analysis process.

The Wohler SM 500 is operated using four multiple
function keys. Each key function is context sensi-
tive; the function is indicated in the lower part of
the display. Both middle keys are active for scroll-
ing; in all other cases, the upper middle key only is
active.



Design and function

Schematic overview of gas and signal paths f
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Design and function

Diagram key

Components 21 and 22 are visible
in Fig. 1, but they are not included
in this drawing (Fig. 3).

16
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13
14

15
16

17
18

19
20
21

22

23
24
25
26
27
28
29

On/Off switch

Power supply connection
Particulate-matter sampling probe
Heated sample intake hose

Hose temperature sensor

Digital mass scale unit

Feed tube to filter holder

Filter cartridge

Screw cap

Hose heater supply connection
Holder for the heated sample intake hose

Control unit housing the high precision
digital mass scale unit

4 key operator control panel

USB connection and infrared port for
printouts

Control cable

Connecting hose
"digital mass scale unit — flue gas con-
denser"

Flue gas condenser

Connecting hose
"flue gas condenser - case*

Hose connection with cotton filter
Fleece filter

Connection for probe and cable-hose as-
sembly to measure flue gas temperature

Connection for probe and cable-hose as-
sembly to measure differential pressure in
the stack

Reel to store heated intake hose
Telescopic stand with clamps

Standard volume flow rate measurement
Controlled pump

Diaphragm pump for gas sensors

0O and CO gas sensors

Flue gas exhaust hose to exhaust flue
gas out of analyser



Design and function

Description (refer to Figures 1 and 3)

Extracted flue gas is fed via the particulate-matter sampling probe (3) and the heated
intake hose (4) and the equally thermally controlled digital mass scale unit (6). To regu-
late the temperature of the heated intake hose, a hose temperature sensor (5) is located
in the fitting between the heated intake hose and the upper inlet of the digital mass scale
unit. The filter cartridge (8) in the digital mass scale unit is inserted onto the filter holder
at the end of the feed tube (7). Fine particulate matter separates inside the filter cartridge
during the analysis, which makes it possible to determine the concentration of particulate
matter in the flue gas by comparing the increase in particulate matter mass and the
extracted sample volume.

The flue gas exits the heated area via the screw cap (9) and the hose "digital mass scale
unit — flue gas condenser" (16) before reaching the flue gas condenser (17). Here the
gas flows first through a fleece filter (20a), continues to cool in the drilled channels and
condenses before arriving at the pump unit and analysis via a second fleece filter (20b)
and the connecting hose "flue gas condenser — case" (18).

The cotton filter (19) at the inlet in the case provides an additional safeguard against the
ingress of condensate and dusts.

A metering unit (25) is housed in the case to regulate the rotary vane pump (26) and
maintain a constant volume flow rate.

A diaphragm pump (27) connected to the output of the rotary vane pump feeds a part of
the flue gas to the gas sensors (28) for analysis.

The flue gas exhaust hose (29) routes the extracted gas out of the analyser.

17



Setting up and dismantling the analyser

Setting up and dismantling the analyser

4.1 Setting up the ana-

lyser e CAUTION!
_ Before setting up the analyser, ensure it is posi-
: i tioned on a flat, non-slip surface.

Proceed as follows to set up the analyser (see
Fig. 1)
)

b' e Open the case.
e Remove the hoses belonging to the probe and

He / i i} cable-hose assembly and the power cable
R from the case to allow you to grip the tele-
Fig. 4: Extending the telescopic stand scopic stand comfortably.

e Undo the clamps belonging to the telescopic
stand (24). Raise the telescopic stand slightly
and remove the heated intake hose (4) from
the case. Observe the notes in chapter 4.4
when handling the heated intake hose.

e Raise the telescopic stand until the control unit
(12) is positioned at working height. Tighten
the clamps to secure the telescopic stand in
position.

The control unit (12) is still tilted at this point.

e Unscrew the screw cap (9) and insert a filter
cartdridge as described in chapter 0. Screw
the cap (9) back on again.

e  Pull the locking latch of the control unit (12)

Locking latch outwards, then rotate the control unit upright.
The locking latch will automatically snap into
position.

03" pLEASE NOTE!

It is possible to remove the digital mass scale unit
from telescopic stand of the Wéhler SM 500 and
fit it onto an external telescopic stand (accessory)
Fig. 5: Undo the locking latch on the digital tO carry out measurements.

mass scale unit To do so simply pull the locking latch outwards
when the digital mass scale unit is tilted (refer to
the image opposite).

It is now possible to remove the module from the
telescopic stand.

18
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Fig. 6: Fastening the intake hose holder

Setting up and dismantling the analyser

e  Secure the heated intake hose (4) to the hold-
er (11) below the power supply connection

[5"PLEASE NOTE!
The upper part of the heated intake hose should
be bent round approximately 90°.

e Place the flue gas exhaust hose (29) outside
of the case to allow flue gas to exhaust out of
the analyser (see Fig. 3).

e  Connect the analyser to the power supply
using the power cable included in the scope of

supply.

[=5"PLEASE NOTE!

The particulate-matter sampling probe can easily
be affixed to the case before and after taking
measurements by placing the marking aid onto a
case screw.

19



Setting up and dismantling the analyser

4.2 Dismantling the analyser (please refer also to Fig. 1)

Fig. 7: Analyser components stowed in
case

Fig. 8: Flue gas hose with bayonet joint

20

U5"PLEASE NOTE!

It is not necessary to remove the hoses when
dismantling the analyser. The hoses need only be
disconnected for maintenance purposes, see
chapter 7 (Maintenance).

Remove the power cable from the mains pow-
er supply.

Tilt the control unit (12) to the right (when
viewed from the front)

Undo the clamps of the telescopic stand (24)
and close it down as far as it will go.

UZ"PLEASE NOTE!

Begin guiding the heated intake hose around the
reel (23) with large radii as soon as you begin to
close the telescopic stand

Place the particulate-matter sampling probe
(3) into the holder provided on the left of the
reel (23).

Remove the flue gas exhaust hose (29) after
the measurement. (Turn the bayonet joint to
the left.)

Roll up the flue gas exhaust hose (29) and
place it into the case.

Place the probe and cable-hose assembly for
flue gas analysis into the case.

Close the case.



Changing the filter cartridge

-

Fig. 9: Changing the filter v

Fig. 10: Filter cartridge visibly loaded

Filter cartridg

Fig. 11: Changing the filter cartridge

Setting up and dismantling the analyser

e Tilt the control unit (12) to one side.

e Unscrew the screw cap (9) of the digital mass
scale unit.

The filter cartridge is now exposed.

o  Withdraw the used filter cartridge. Make sure
your hands are clean (thumb and forefinger)
before carefully inserting the new Woéhler filter
cartridge until it is fully seated. Avoid making
any rotary movements.

! CAUTION!

Do not use a Wohler filter cartridge to take further
measurements when it is visibly fully loaded with
particulate matter.

! CAUTION!

Do not make any rotary or screwing motions when
removing or inserting the Wohler filter cartridge.

e Then screw the cap (9) back on again.

21



Setting up and dismantling the analyser

4.3 Probe connections

4.31 Probe and cable-hose assembly for core flow search and draft
measurement

Core flow and draft must be determined during the
heating and stabilizing phase of a TSPM mass
concentration measurement program.

e  Connect the probe and cable-hose assembly
for flue gas analysis as shown in the image

opposite.
[=3"PLEASE NOTE!
. » This is the usual connection configuration of the
Fig. 12: Connecting the probe and cable- Probe and cable-hose assembly. There is no need
hose assembly to rearrange the connections.

The 15-minute mean oxygen and carbon monox-
ide concentration values are determined automat-
ically as the flue gas drawn in via the particulate-
matter sampling probe is analysed (see Fig. 3)

22



Setting up and dismantling the analyser

4.3.2 Probe and cable-hose assembly for flue gas analysis

Proceed as follows if, on rare occasions, you re-
quire a preliminary assessment of the firing instal-
lation based on O, and CO concentrations prior to
a TSPM mass concentration measurement:

e Remove the connecting hose "digital mass
scale unit — condenser" from the condenser
with a screwing motion (Fig. 1, pos. 16).

e  Connect the gas connection of the probe and
cable-hose assembly to the connection at the
condenser inlet with a twisting motion (refer to
the image opposite).

e From the main menu of the Woéhler SM 500
select the menu item "Flue gas analysis", and
then proceed as described in chapter 6.2.

! CAUTION!

It is imperative that the connecting hose "digital
mass scale unit - condenser" is disconnected only
for the purpose described here in conjunction with
menu item "Flue gas analysis"; never disconnect
this connecting hose during a TSPM mass con-
centration measurement.

Fig. 13: Connection for flue gas analysis
(special circumstances!)

4.3.3 Particulate-matter sampling probe for TSPM mass concentration
measurements

To disconnect the particulate-matter sampling
probe from the heating hose, simply undo the

Fixi SM 500
ming cone S union fitting. It is also equipped with a fixing cone

and a marking aid. This helps to align the probe
Marking aid correctly against the flow of flue gas when insert-
ed in the intake orifice.
Union fitting
Fig. 14: &ACHTUNG!
Particulate-matter sampling probe Always undo or close the union fitting with the

hand, never with a tool.

23



Setting up and dismantling the analyser

4.4 Handling the heated intake hose

Handle the heated intake hose (Fig. 1, pos. 4) with extreme care to maintain its func-
tional reliability over time. With this in mind, observe the following:

441 Hose bend radius

& CAUTION!

Never bend the hose below the minimum hose
bend radius of 180 mm.

Avoid kinking or twisting the heated intake hose at
all times.

To stow the intake hose in the case close the
telescopic stand while carefully coiling the in-
take hose simultaneously around the reel (Fig.
1, pos. 22).

Fig. 15: Intake hose coiled around the
reel

44.2 Attaching the intake e Secure the heated intake hose to the rear of
hose to the control the control unit. To do so, insert it into the ded-
unit icated holder below the power supply connec-

tion for the hose heater.

This will avoid kinks to the hose and excessive
vibrations.

|
Fig. 16: Attaching the heated intake hose
to the digital mass scale unit

24



Setting up and dismantling the analyser

443 Movements when e Do not touch or move the heated intake hose
measuring when taking measurements!
0=5"PLEASE NOTE!

If the full length of the heated intake hose is re-
quired to reach the measurement orifice, it is pos-
sible to forgo attaching the hose to the holder. In
this case, ensure that the heated hose cannot
move during measurements; for example, by se-
curing it with adhesive tape.

25



TSPM mass concentration measurements

5 TSPM mass concentration measurements
5.1 Planning measurements

e Plan the measurement process ensuring the temperature of the boiler water is at
least 60 °C when measurements begin.

o When dealing with manually loaded systems, you should also ensure measure-
ments can begin five minutes after the fuel has been added.

[ PLEASE NOTE!

This is possible when fuel is added after the hose heater reaches the target tem-
perature of 75 °C. And that is the case when the first progress bar is completely
green.

51.1 Measurement orifice

The measurement orifice should be located downstream of the last heat exchanger in
the connecting flue pipe between the firing installation and the stack, where the flow is
as undisturbed as possible. Make sure the measurement orifice is downstream of any
flue gas cleaning equipment installed in the firing installation.

To disturb the flow as little as possible, the measurement orifice should be positioned in
the connecting flue pipe at a distance equivalent to at least 2x, or better 5x, the diame-
ter of the connecting flue pipe downstream of the flue gas outlet of the last heat ex-
changer or the flue gas cleaner. If an electrostatic precipitator is fitted, the measure-
ment orifice must be located far enough away from the high voltage that the electric
field has no negative influence on the sampling procedure.

Make sure there are no deposits of particulate matter on the measurement orifice. If
necessary, use a brush to remove any deposits.

I="pPLEASE NOTE!

Additional information is available in Appendix 1 and 2 of the 1st BImSchV of 26th Jan-
uary 2010 and ZIV recommendations (ZIV = German Central Guild Association of
Chimney Sweeps).

51.2 Measurement phases

The TSPM mass concentration measurement using the Wéhler SM 500 consists of two
phases:

1. To avoid condensation settling on surfaces exposed to flue gas, the heated intake
hose and the digital mass scale unit are heated during the heating and stabilizing
phase to a target temperature of approx. 75 °C. The duration of the heating process
with subsequent stabilizing phase depends on the initial temperature. This generally
takes approximately 12 minutes. Do not insert the particulate-matter sampling probe
into the measurement orifice during this time.

2. The stabilizing phase is completed first before the user is prompted to insert the
particulate-matter sampling probe into the measurement orifice and secure it in posi-
tion against the direction of flow using the fixing cone.



TSPM mass concentration measurements

ACAUTION!

Due to the risk of electric shock, never operate the suspended particulate analyser
close to water. Protect the analyser from moisture.

Always use the mains plug included in the scope of supply to connect the analyser to
the mains power supply.

Route the power cable in a manner that ensures it is not subject to compression loads.

When handling, avoid kinking or twisting the heated intake hose at all times.

5.2 Switching on
Sel ftest onaeiaz, () |  Switch on the analyser using the On/Off
switch (see Fig. 1, pos. 1).
Frequency......... OK The Waohler SM 500 carries out a self-test imme-
Temperature....... 0K diately after it is switched on.

GOs SeNnsorS....... 0K

Fig. 17: Self-test

p28i17iEL O The home screen is displayed following a suc-
cessful self-test.

WOHLER 0=5"PLEASE NOTE!
If a yellow warning light is displayed instead of a
s” 500 green OK button, check if there is a filter cartridge

inserted, see chapter 8.2.

m— e Press start to initiate the measurement pro-

Fig. 18: HomeScreen cess.

27



TSPM mass concentration measurements

5.3 Leak tightness test  After inserting a new Wéhler filter cartridge, carry
out a leak tightness test before performing meas-

Tight. test |a;'_a.;;‘,°;§f3 o urements (see chapter 0). This test automatically
checks all joints and connections of the Wéhler

SM 500 for leaks.

e On the home screen press the "Start" button.
press OK to contniue!? The prompt "Close dust probe" is displayed.

Close dust probe,

Fig. 19: Leak tightness test

e Seal the probe orifice using your thumb and
then press the "OK" button.

The automatic leak tightness test starts.

Fig. 20: Sealing the probe

28
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Tight. test [as%eres & |°

Test in progres
System in tight!?

[ tight
| Cancel | | Ok

Fig. 21: Leak tightness test successful

5.4 Selecting a threshold «
value
Threshold |a§?$74.2£§193 Qﬁ
TH = 20.86mg/m3 |

TH >= 60.8mg/m3

| Cancel | +4+ | OK |

Fig. 22: Limit values available for
selection

TSPM mass concentration measurements

A green progress bar is displayed as the sys-
tem is evacuated. The test is successful when
the progress bar is complete. This procedure
can take a few minutes. This program item is
terminated after the leak tightness test is
completed successfully.

Then slowly release your thumb to ensure the
Wohler filter cartridge is not loaded.

! CAUTION!
If the leak tightness test is not successful, check
all connections and seals beginning with the par-
ticulate-matter sampling probe through to the
sample intake case.

Then repeat the test. The leak tightness test must
be completed successfully before it is possible to
carry out a TSPM mass concentration measure-
ment.

When the leak tightness test is finished press
"OK" to access the list of permissible limit val-
ues.

Using the two middle arrow keys select the
treshold value to be monitored, then press the
"OK” button to confirm your selection.

I=3"PLEASE NOTE!

If the lower limit value 20 mg/m3 is monitored the
volume flow rate is 4.5 I/min. If a limit value 60
mg/m3 or higher is monitored the volume flow rate
is 3.0 I/min.
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TSPM mass concentration measurements

5.5 Stabilizing phase

Stabil ization| ee:00 @ (D

Do not insert dust probe!

PD: 6Po  TS: 22.3°C

Hose heater 49.3

ecc@T  ]Th= 75°C

Macs drift > 10mg

ins.[__ ]65ug,.in
| Cancel | Pd = 8 | PdTs OK.

Fig. 23: Stabilizing phase of the digital
mass scale unit
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The stabilizing phase follows; during this time the
digital mass scale unit and the heated intake hose
are heated to operating temperature and the sta-
bilizing criteria checked automatically. The display
at this point is shown opposite.

U5"PLEASE NOTE!

The "Hose heater" reading in the display indicates
the deviation from the target temperature for the
hose. "Mass drift" is a stability criterion.

This process sees the housing of the digital mass
scale unit heated once. Depending on the initial
temperature, this heating process lasts for approx.
1 minute.

The intake hose is heated continuously. The hose
temperature sensor readings are indicated in the
top green progress bar as shown in the graphic
opposite. The hose should reach the required
temperature of 75 °C within approx. 2-3 minutes.

[3"PLEASE NOTE!
When working on a manually loaded system you
can begin to add the fuel.

The bottom green progress bar indicates mass
drift caused by the heating process.

Both progress bars are completely green after
approx. 12 minutes. The Wohler SM 500 then
flags automatically that the particulate-matter
sampling probe can now be inserted into the
measurement orifice.

! CAUTION!

Do not interrupt the stabilizing phase. If the "Can-
cel" button is pressed to abort the stabilizing
phase at least 5 minutes must elapse before start-
ing the next measurement.
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It is possible to carry out a core flow search
throughout the entire stabilizing phase, see chap-
ter 4.3.1.

Press the "PdTs OK" button as soon as the core
flow is located. The corresponding draft and flue
gas temperatures are then captured. This is indi-
cated in the display by a tick opposite the meas-
urement readings.

Core flow search

U3"pLEASE NOTE!
You can repeat the core flow search as often as
required by pressing the "PdTa OK" button.

Stabilizati °"| | lan1aiez @ After the digital mass scale unit has been suc-

cessfully stabilized, a prompt is displayed request-
> System is ready < ing you insert the probe.

Please insert dust probe.

press OK to continue! @PLEASE NOTE!
It is also possible at this point to determine the

0.: 21.0% 0. Oppn core flow; to do so, press the "PdTs OK" button.

PD: OPa TS: 21.9°C
Insert the particulate-matter sampling probe
PdTs OK ¢
m “ into the measurement orifice; carefully secure
the probe with the fixing cone, and then press
IIOKII.

Fig. 24: Stabilizing phase com-
pleted

ﬁ—/—#ﬂ—‘ I="PLEASE NOTE!
/ A probe marker allows you to recognize the orien-

Probe marker tation of the probe orifice in the flue gas pipe.

Fig. 25: Particulate-matter sampling probe
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Measurement

Hose heater

Zeroing | 00:11 Qﬁ

starts in: 54s

B8.832°C

e-c T Th= 75°C

2 D
| Cancel | | oK

Fig. 26: Zeroing
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e There follows a zeroing phase lasting approx.
1 minute, during which time the initial mass of
the filter cartridge is reset to zero.

The TSPM mass concentration measurement
lasting 15 minutes then begins.



5.6

Graphic display:

Particulate matter mass
collected in the filter

cartridge

Fig. 27:

TSPM mass concentration measurements

Screens displayed during measurement

Function check

h:
SstF*

1.8mg

29.85. 2B.I.2€:;3

@8:50:33

4

3.

2.

1

Time axis,

measurement dura-

tion: 900 s.

mmm

Display: Mass: O; or CO

Toggle to

Graphic display during TSPM mass concentration measurement

Numeric display:

Oxygen content

Mass of particulate
matter collected in

Mass of particulate
matter in relation to
reference oxygen

value

Temperature of
hose heater

Absolute pressure

numeric display

1.0 mg

| 03:27

Total intake vol-
/ ume

Vol :
Cco:
Cco.:

Tf:
Flow:

82.28 °C
4.5 Hl/min

45.5 N
74 ppr® content, diluted
247 "4z« Carbon monoxide

Carbon monoxide

content, undiluted

<~ Temperature of
<4 Volume flow rate

display

Fig. 28: Numeric display during the TSPM mass concentration measurement

— Toggle to graphic
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88:598:33
29.35.2312@

Moere 1.8 mg

1.8

8.e F
380 [=1: ) 988

e
| Cancel | 0.CO | Numer. |

Fig. 29: Graphic display of filter loading
with particulate matter

Numeric 03:27 @

0.: 17.6% Vol: 45.5NL
Meeps 1.0 mq CO: 74 ppm
Mg, 2 45.5 N%E Co.: 217 m%?

Th: 75.88 °C Tf: 82.28 °C
Paks: 887.4 hPa Flow: 4.5 Hl/min

Fig. 30: Numeric display during the
TSPM mass concentration measure-
ment

Warning [JEiliEE
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n the graphic display mode it is possible to toggle

between three different measurement readings:

- Increasing filter loading with particulate
matter (mpwmr)

- The current diluted COp content of the
flue gas expressed in volume ppm (mean
value over the measurement time)

- The current flue gas oxygen concentra-
tion (mean value over the measurement
time)

To toggle between the three graphic displays

press the middle button "O,/CO".

To switch to the numeric display of measure-
ment readings from one of the graphic dis-
plays press the "Numer." button.

03" pLEASE NOTE!

Avoid using the "Cancel" button to terminate the
measurement process. A new stabilizing phase is
required before the measurement can begin
again.

If the pressure drop at the filter cartidge becomes
too high during the measurement, a red warning
“filter” will appear in the display.

In this case you can finish the running measure-
ment. After the measurement it is absolutely nec-
essary to change the Filter cartridge.
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The prompt shown in the graphic opposite is dis-
played after the 15-minute measurement process
has been completed.

Remove dust pwrobe, .

11:13:06
8e.07.2013

Remove the particulate-matter sampling probe

press OK to continue! from the measurement orifice.

e Press "OK" to display the measurement re-
sults.

Fig. 31: Display immediately following
the measurement

5.7 Results display

The mean values are displayed in the results display screen throughout the entire meas-
urement process. It is also possible to switch between the graphic and numeric displays.

Press “PRINT” to printout the results on the Thermoprinter wéhler TD 100. It is also pos-
sible to print the results later by selecting the sub menu “Print results” (see 6.3) or the
submenu “Print customer details (see 6.4.3).

it @

Res. 15:00

0.: 17.6% Vol: 45.5N1
Mser + 1.0mg CO: 74 ppm
me.: 45.5"ys CO:: 217 "
u: 16,45 U: 265 "Ys
Mseus 0.029 %z COqyl 0 95

Fig. 32: Numeric display of the re-
sults of TSPM mass concentration

measurement
Diagram key
(o)) Oxygen concentration in volume %
MpmF Increase in filter loading with particulate matter
mass expressed in mg
Mpm Particulate matter concentration in relation to the

reference oxygen content expressed in mg/m3
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TSPM mass concentration measurements

] Expanded uncertainty of measurement of particu-
late matter mass (left-hand column) and CO (right-
hand column) expressed in mg/m

Vol Sample intake volume

COp Diluted carbon monoxide concentration COp ex-
pressed in ppm

COn Carbon monoxide concentration COn expressed in
mg/m3 in relation to the reference oxygen content

Mpmu Final result - particulate matter mass: Mean value
across the entire measurement time after allow-
ance for the expanded uncertainty of measure-
ment

COnp Final result - carbon monoxide concentration:
Mean value across the entire measurement time
after allowance for the expanded uncertainty of

measurement
5.8 Following every Proceed as follows after carrying out measure-
analysis ments:

e Close the measurement orifice.

e Purging is completed automatically after three
minutes.

! CAUTION!
It is necessary to purge the gas sensors to ex-
tend their service life.

e To save the measurement results under a
customer name press buttons "Menu > Save",
see chapter 6.4.

e Unscrew the screw cap (Fig. 1, pos. 9) and
remove the filter cartridge (see chapter 0).
(During the transport, no filter cartridge should
be installed.)

e  Carry out the cleaning steps as described in
chapter 7.1 Maintenance list.
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6 Menu

Menu

It is possible to configure various settings of significance for the analysis in the menu
environment. Customer data are managed under the menu item Customer.

11:15:16 %
B88.87.2813 ’

Fine dust v
Flue gas
Print results

| Data |

Test

| Cancel | +v | OK |

Fig. 33: Main menu, upper section of
screen

11:15:47 -
8g.87.2013 ’

Print results
Data

Test
Settings

| Calibration |

| Cancel | +v | OK

Fig. 34: Main menu, lower section
of screen

e In the Home screen, press the "Menu" button.

e Use the middle arrow keys to move between
the various menu items. Press "OK" to select
the desired menu item.

I=3"PLEASE NOTE!

The menu item "Save" in the graphic opposite ap-

pears dimmed, and is unavailable for selection.

To save measurement readings, select an existing

customer or create a new customer.
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Menu

Time and date Information and warnings
Selected customer \
b Jlarsiae O Current measure-
Fi dust — 7 — ment data
e cus ~ not saved
Flue gaos &

Print results
| Data \

Test

| Cancel | +v | 0K

Current measure-
ment data saved

Fig. 35: Structure of the main menu

Information is provided opposite the menu items

"TSP mass meas." and '

'Flue gas analysis" to

indicate if current measurement results are availa-
ble and if they have been saved:

- Atick opposite the menu item indicates
that the measurement data is available,
but has not been saved.

- A padlock opposite the menu item indi-
cates that the measurement data has
been assigned to a customer and saved.



Menu

6.1 Submenu "TSP mass In this submenu, it is possible to initialize a new
meas.” TSPM mass concentration measurement. When
beginning a new TSPM mass concentration
measurement, all data not saved from a previous
measurement will be lost. No further warning is

issued.
6.2 Submenu "Flue gas In this submenu, it is possible to make a prelimi-
analysis" nary or quick assessment of a heating system

based on O; and CO concentrations.

e Remove the connecting hose "digital mass
scale unit — condenser" from the condenser
with a screwing motion (Fig. 1, pos. 16).

e  Connect the gas connection of the probe and
cable-hose assembly to the connection at the
condenser inlet with a twisting motion (refer to
the image opposite).

¢ In the main menu of the Wéhler SM 500, se-
lect the menu item "Flue gas".

A fresh air calibration is performed first.

[=5"pPLEASE NOTE!
For this purpose, expose the probe to the sur-
rounding air.

Probe and cable-hose assembly
connection for flue gas analysis
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13:43:85
88.87.2813

]

Fluegas probe to condensok
and purge!?

—

Purge

Fig. 36: Display during purging

Flue gas o ortiars D
0,: 17.6 % TS: 126.3 °C
co: 74 ppm TA 23.5 °C
€Ot 217 "4z

| Cancel | | Save _
Fig. 37: Results of flue gas analysis
Droft measur. |es ar seis Q

Fluegas prcbe to draft inl
\ PD: oPa |

| Cancel | Pd = 6 | Save |

Fig. 38: Display of draft measurement
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The probe will now draw in fresh air for 60 sec-
onds to purge the gas sensors. The process is
represented by a green progress bar.

The latest measurement readings are displayed
on completion.

o Now insert the gas probe into the flue gas.

The results of the analysis are display online on
the display.
e Press the "Save" button when the analysis is

finished, meaning when the measurement
readings have stabilized.

The results will be saved and the display changes
to "Draft meas.".

You will be prompted to reconnect the gas hose of
the probe and cable-hose assembly.

Check the zero reference point during the draft
measurement. To zero the differential pressure
sensor, press the button PD = 0.

! CAUTION!

Make sure there is no differential pressure at the
measurement port when zeroing the sensor.



Menu

¢ Now attach the measurement hose of the
Wohler SM 500 probe and cable-hose assem-
bly to the stack draft connector.

The analyser will now determine the stack draft.

e Press the "Save" button to accept and save
the draft reading PD and return to the menu.

Fig. 39: Probe and cable-hose assembly
connection for draft measurement

Draft measwe. |B;_3574383;3 Q In the main menu, a tick is displayed opposite the
submenu "Flue gas analysis", because the current

measurement readings for this item have been
Fluegas probe to draft inl gaved. If these data are saved under a customer

| PD: 0Pa | name, then a padlock is displayed instead of a

tick. The data are then stored permanently and

can be retrieved again after the analyser has been

switched off and on again, see chapter 6.5

| Cancel | Pd = 0 | Save

Fig. 40: Main menu following a flue gas

analysis
6.3 Submenu "Print result"
Print 13:52:44 This menu item allows you to view the results of
rin wiiist O the last analysis or the results retrieved from the
customer archive in the print preview screen, and
then print them out on the thermal printer.
e Use the arrow keys to scroll through the dis-
Wéhler SM 500 played results.
Ser.-No.: 100 e Press "OK" to print out the readings on the
Cal .-date: 01.01.2000 Wohler TD 100 thermal printer.
r e Press "Cancel" to return to the previous menu
m _ m without printing out the readings.

Fig. 41: On-screen preview of results
printout
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Wohler SM 500
Ser.-No.: 1
Cal.date:29/06/2012

Name :Customer 1
Number :1
System :1

02 Ref: 13.0 %
Fuel: . . . . . .
Meas. type:

Flue gas analysis
02 :17.6 %

cob H @ ppm
CON : 173.6 ppm
CON : 217 mg/m3
TFG :126.3 °C

TA : 23.5 °C

PD :-21.3 Pa

Vol : 45.5 N1
Duration : 900 s
Mean value result:

02 : 17.6 %

Ccob : 74 ppm
CON ¢ 217 ppm

U 265 ppm
CONU : 0 mg/m”3
mPMF : 1.0 mg
mPM : 54.8 mg/m3
u : 19.7 mg/m3
mPMU ¢ 31.5 g/m3

Time analysis made:
29/06/2012 13:56:38

Certified technician

Example printout of results
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The customer name and number, system desig-
nation, all measurement data as well as a field for
the signature are displayed on-screen and printed
on the printout. This means the printout can also
serve as an analysis report for the customer.

The certified technician must fill out the fields
"Fuel", "Meas. type" and "HC temperature" by
hand.

U3"pLEASE NOTE!

Data is transmitted to the printer via an infrared
interface located on the bottom of the control unit
(Fig. 1, pos. 14). Make sure there are no obstruc-
tions between the infrared interface and the print-
er when data is being transmitted.



6.4 Submenu "Data"

13:55:@6
88.87.2013

_S

\ Data
New record

Print vrecord

| Cancel | +v | OK |

Fig. 42: Customer administration

6.4.1 Customer

14:89:15
Data es.87.20813 O
Record —
No.1
Apl. 1
r Record |

| Cancel | +~¢ | OK

Fig. 43: Selecting a customer

Menu

The submenu "Data" is a dedicated environment
for customer and measurement data administra-
tion.

e Use the middle arrow keys to move between
the various menu items. Press "OK" to select
the desired menu item.

In this screen you can select an existing recordr.
e Use the middle arrow keys to select a record.
e Press "OK" to confirm your selection.

Customer data and the results of the last analysis
are read in.
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6.4.2 New record

‘ New recoird 04 07,3013 O)

|Nume Record 1

Number : 1

Aplion. 1

Fig. 44: Creating a new customer

New record w07 aata

Record
1
1

Continue?

Fig. 45: Confirm new customer
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In this screen you can create a new customer file.

Select the subheading to be altered using the
middle arrow keys

Move to the corresponding subheading using
the right arrow key "—". To alter the charac-
ters press the middle arrow keys. To return to
the subheading selection option, press the left
arrow key "<". The left arrow key "<" is re-
placed with "Next".

Press "Next": Current customer data is dis-
played.

Press "OK" to confirm.



6.4.3 Print records
Print )

Menu

In this screen you can retrieve results stored un-
der customer data and print these out, if required
(see chapter 6.3).

e Scroll through the displayed screen using the

middle arrow keys "1]".

e Press "OK" to print out the readings on the

Wéhler SM 500
Ser.-No.:
Cal.~date: ©01.01.2000

| Cancel | ++ | OK |

Fig. 46: Printing customer data and last
analysis data

6.4.4 Delete

14:16:33
8g.87.2813

)

|

Delete

Record

o.
Apl. 1

T_Record

| Cancel | +4 | oK |

Fig. 47: Selecting the customer to be
deleted

14:17:43
8e.07.2013

]

Delete

Record
1
1

Continue?

100 °

Wohler TD 100 thermal printer.

Press "Cancel" to return to the previous menu
without printing out the readings.

In this screen you can select and delete a cus-

tomer:

e  Select the customer to be deleted using the
arrow keys.

e To delete the customer, press the "OK" but-
ton.

e Press "OK" to confirm your selection.

Fig. 48: Deleting a customer
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6.5 Submenu "Save"
Save o @
neTTe
Apl.1
|— Record |

| Cancel | +~+v | oK

Fig. 49: Saving measurement data

14:24:18
Save @8.87.2013 O

Record

Continue?

Fig. 50: Confirming saving measure-
ment data
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In this submenu you can save current measure-
ment data. To do so, you must first select a rec-
ord. For this purpose, the record must already
exist (see submenu "New record", in chapter
6.4.2).

e  Select the desired record, and press "OK" to
confirm your selection.

[5"PLEASE NOTE!

The new measurement results will overwrite any
existing measurement readings stored under this
customer name.

e To save current data and overwrite existing
data, press the "OK" button.

e To exit the submenu without saving the data,
press the "Cancel" button.
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6.6 Submenu "Test"

The submenu "Test" is available to carry out the mandatory half-yearly check of the
dominant measurands. In Germany, this inspection must be performed by a recognized
body approved by the responsible authority in accordance with state law (1st BImSchV,
§13). In accordance with VDI 4206 Part 2 the dominant measurands for TSPM mass
concentration measurements are:
- The filter mass display
- The volume flow rate:

4.5 |/min for LV = 20 mg/m®

3.0 I/min for LV >= 60 mg/m®
Furthermore, the other measurands must be checked in accordance with VDI 4206 Part
1:
- Oxygen concentration in vol. %
- Carbon monoxide concentration in vol. ppm
- Temperature measurement
- Pressure measurement

In accordance with VDI 4206 Part 2 the dominant measurands must be within a toler-
ance of £ 5%.

The following articles must be made available for
the functional test:

- Wohler filter cartridge with known mass to
check the digital mass scale unit

- A suitable volume flow rate meter to check
the volume flow rates 4.5 |/min and 3.0 I/min

- Calibrating gases for O and CO

- A suitable measuring test setup to check
temperature measurements and pressure

Sensors
Test ghtizaiie Oﬁ The scireen op.poiit.e is displayed when the sub-
| Mass | menu "Inspection" is selected.

Flow: 4.5NL,,,, The follc?wmg legend applies:

Flow: 3.0NlL SN: Serial number

“min

SW: Software version

Flue gas analysis SC: System counter

ID: WMiSHMSGEGE0 1608 INEL ;6168 M: Number of measurements
SN:18@ SM:1.14/1.12 SC:0/8 M:2
o2-sen.: 6.2013 Co-sen.: 6.2013 Oz sensor / CO sensor: Sensor data

[ Cancel | +v | OK |

Fig. 51: Submenu “Test”

In addition, the measurement readings to be
checked are also displayed.

e  Select the measurement readings to be
checked using the arrow keys, then press
"OK" to confirm your selection.
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6.6.1 Mass

StabiLization| 00:00

Without filter cartridge!?

PD: 6Pa TS: 22.6°C

Hose heater 48.7

occ[@T  ]Th= 75°C

Mass drift > 18mgy

ins.[____ [65ug,.n
[ Cancel | | oK |

Fig. 52: Stabilizing the digital mass
scale unit
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The following selection is available:

This is where it is checked that the digital mass
scale unit is functioning correctly.

The menu navigation is the same as for a normal
TSPM mass concentration measurement (see
chapter 5).

After selecting the submenu "Mass" you will be
prompted to remove the filter cartridge.

e Remove the Woéhler filter cartridge and screw
the screw cap back on (see chapter 0).

I=3"PLEASE NOTE!

Carry out these procedures only when the instru-
ment has cooled down fully to the ambient tem-
perature. Ensure the temperature remains as
constant as possible.

e  Weigh the filter cartridge on a laboratory pre-
cision balance, and write down the result.

[=5"PLEASE NOTE!

Ensure no filter cartridge is inserted when the in-
strument is in this test mode; this is indicated by
the yellow warning triangle in the display.

In this case, the stability criterion "Mass drift" is
used in the lower progress bar, as the pump, hos-
es and the probe heater are not activated. It takes
at least 3 minutes to fill the progress bar.

e Press "Next" when the mass drift progress bar
is filled completely green to initiate the zeroing
process.



Stabi Lization|as's? er,

> Testmode <

After zeroing
insert filter cartridge!

PD: ®Pa TS: 22.5°C

Fig. 53: Zeroing during the "Mass"
check

Menu

When zeroing has been completed you are
prompted to re-insert the filter cartridge — after

zeroing!

Press "OK".
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e  When the lower progress bar is full after ap-
prox. one minute, the graphic displaying the
measurement readings is displayed.

Zeroing 00:01

Measurement
starts in: 4os

Hose heater 6.888°C

o-c T Th= 75°C

6osII  Jes
[Cancel | | oK

Fig. 54: Zeroing

Filt rtrid e Undo the screw cap, insert the weighed filter
fer cartndge mass cartridge, and then screw the cap back on

again (see chapter 0).

m“*'MS?'?mg 00:39 It takes at least 2 minutes before the measure-
1068.9 i ment reading can be read and compared with the
target mass of the weighed filter cartridge. The
maximum deviation from the target mass must not

798.5

528.2 exceed £5%.
.04 | ! CAUTION!

308 600 08

Do not move the digital mass scale unit or operate

a
| Cancel | LT the keys after inserting the filter to avoid possible

Fig. 55: Graphic display when measur- measurement errors resulting from associated

ing the filter cartridge mass vibration.
For report purposes this measurement reading is
also included on the printout under "Menu" >
"Print result"; it can also be saved under a cus-
tomer name.

50



Menu

6.6.2 Volg: 4.5 NL/min and  After you select the required volume flow rate and
volg: 3.0 NL/min press "Next" to confirm your selection, the pump
is started and regulated to draw in the selected
volume flow rate.

! CAUTION!

Before the Inspection is performed, it is imperative
to carry out a leak tightness test to ensure the in-
strument is leak tight (see chapter 5.3).

Perform the test on the sampling probe.

The maximum deviation from the target value
must not exceed £5%.

No changes occur to the on-screen display.
To halt the pump, select and confirm a different
subheading or press "Next".
6.6.3 Flue gas analysis Proceed as follows to check the gas sensors with
calibration gas:

e First connect the probe and cable-hose as-
sembly as described under subheading 4.3.3.

Fig. 56: Probe and cable-hose assembly
connection for flue gas analysis
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14:47:58
8L .07 .2013

@

Fluegas probe toc condensor

Purge

—

Fig. 57: Fresh air calibration

14:49:85

Flue qas 88.07.2013 O
0,: 6.5% TS: 206.9 °C
co,: 1829ppm TA 206.9 °C
co.: 710"y

Fig. 58: Calibration measurement
reading in display

Draft measuw. | o807 3615 O

Fluegas probe to draft in

| PD: oPa

| Cancel | Pd =0 | OK

Fig. 59: Stack differential pressure
display
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The pump starts when the test subheading "Flue
gas analysis" is selected; however, the volume
flow rate is reduced in comparison with a normal
flue gas analysis.

A fresh air calibration phase is started for 60 s.

[3"PLEASE NOTE!
The flow is reduced during the test to ensure cali-
bration gas is not used unnecessatrily.

The display then automatically switches to the
measurement view.

e Now allow the calibration gases to flow into

the Woéhler SM 500 probe and hose assembly.
It is possible to read off the reference values
during the measurement.

Permissible deviations are described in Annex B
of the guideline VDI 4208 Part 2.

For report purposes this measurement value is
also included on the printout under "Menu" >
"Print result"; it can also be saved under a cus-
tomer name.

e To accept and save the values, press the

"Save" button.

The display switches to draft measurement. The
sequence is identical to the draft measurement
described under the subheading "Menu" > "Flue
gas analysis" (see chapter 6.2).
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¢ Now attach the measurement hose of the
Wohler SM 500 probe and cable-hose assem-
bly to the stack draft connector.

Fig. 60: Probe and cable-hose assembly
connections for draft measurements

Check the zero reference point during the
draft measurement. To zero the differential
pressure sensor, press the Pp=0 button.

! CAUTION!

Make sure there is no differential pressure at the
measurement port when zeroing the sensor.

For report purposes this measurement value is
also included on the printout under "Menu" >
"Print result"; it can also be saved under a cus-
tomer name.

A measurement should be started to conclude the half-yearly inspection. The message
“STABLE” should appear after 15 minutes at the latest. Carry out this test at the end of
the inspection, because the hose and digital mass scale module heaters have already
been activated.
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6.7 Submenu "Settings"
Settings it @
Date :08.07.2013
Time :14:39:16
02ref. 1 13.0%

Mass=U :40.0%

co-u 120.0%
[Cancel | v | > |

Fig. 61: Setting important parameters

Date and time

O2ref (13.0 %)
Uem (40%)

CO-U (20 %)

! CAUTION!

Proceed as follows to alter settings:

Use the arrow keys "1]" to select the parame-
ter you wish to alter.

Using the right arrow key "—" select the nu-
merical value you wish to alter. Use the middle
arrow keys "1|" to increase or lower the value.
The "Next" button is replaced by the left arrow
key "<" to facilitate selecting the correspond-
ing digit. You can also use it to return to the
parameter selection screen.

Then press the "Next" button followed by the
"OK" button to confirm the new setting.

The following parameters are available:

Correct date and time settings are particularly
important for the analysis report printout.

Reference oxygen value entry

Expanded uncertainty of measurement for particu-
late matter

Expanded uncertainty of measurement for CO

The uncertainty values (-U) are set due to German federal requirements. Set these
values to 0% if you do not perform measurements according to the German regulation

BImSchV.
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Menu

6.8 Submenu "Calibration"”
|
e CAUTION!

Authorized service personnel only are permitted to make settings in this menu! Unsuit-
able changes to these settings can lead to erroneous analysis results.

A code is used to prevent users accessing this menu item, because the volume flow, gas
sensors and the temperature sensors are calibrated in this menu.

The data from the last Inspection is also reset in this menu. The access code must be
made available to the approved body for this purpose. When exiting the calibration
mode, a message is displayed asking if the date of the last calibration/inspection should
be updated.
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Maintenance

To guarantee the Wohler SM 500 analyser func-
tions flawlessly, it must be maintained on a regu-
lar basis. Maintenance includes actions that the
user can carry out himself. In addition, the analys-
er must be inspected on a half-yearly basis by an
approved body recognized by the responsible
authority in accordance with (German) state law to
ensure compliance with minimum legal require-
ments. The corresponding inspection process is
described in chapter 6.6.

! CAUTION!

Always ensure the analyser is switched off before
commencing maintenance work, apart from when
cleaning the sample intake hose.

! CAUTION!

Do not use or allow the analyser to come into con-
tact with harsh or abrasive cleaning agents when
carrying out maintenance work, because they can
impair the operational reliability of the analyser.
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71 Inspection and

Interval Maintenance task

maintenance list

Following every analy-
sis

Check the filter car-
tridge, replace if neces-
sary.

Inspect the flue gas
condenser, empty con-
densate if necessary.

Check fleece filter in the
flue gas condenser for
presence of moisture
and contamination,
replace if necessary.

Check cotton filter in the
case in front of the
pump for moisture and
contamination, replace
if necessary.

At the end of each day
of analysis

Clean the heated sam-
ple intake hose using a
long, fine hose brush
and air puffer.

Clean the digital mass
scale unit using a short,
fine hose brush and air
puffer.

After approx. 25 anal-
yses - and after one
month at the latest

Check the hose tem-
perature sensors, and
clean if necessary

1/2 yearly

In Germany, inspection
and calibration are un-
dertaken by a recog-
nized body approved by
the responsible authori-
ty in accordance with
state law (1st BImSchV,

§13).
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7.2 Emptying condensate and replacing the fleece filter

|Hl|u| i

il

Fig. 62: Close-up view of the flue gas condenser

Diagram key 1 Fleece filter holder
2 Condenser holders

The user is responsible for emptying the condensate, which collects regularly in the
condensate trap. The fleece filter must also be replaced regularly. To do so, pro-
ceed as follows:



Maintenance

Close the telescopic stand to make it easier to
access the flue gas condenser.

Remove the hoses from the condenser con-
nected to the digital mass scale unit (Fig. 1,
pos. 16) and the case (Fig. 1, pos. 18).

Turn both condenser holders upwards . The
condensate will now flow into the condenser
holder (1).

Remove the flue gas condenser from the lid of
the case.

Fig. 63: Removing the flue gas con- *
denser

Remove the two sealing plugs of the conden-
sate trap.

Empty the condensate.

Push the sealing plugs into their original posi-
tion again and lock them by pushing the lever
to the front.

Fig. 64: Removing a sealing plug of
the condensate trap

eck the fleece filter regularly to see if it is wet or
1taminated, and replace if necessary.

Pull the condensate filter holder (3) out of the
flue gas condenser.

-

Remove and replace the filter fleece from the

filter holder (see Accessories).
Condensate filter holder with

fleece filter Refit the filter holder in the flue gas conden-

ser.
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e REefit the condenser in the lid of the case.

e Fold down the condenser holders one after
the other. Meanwhile support the condenser
with the other hand.

e Reconnect the hoses (Fig. 1, pos. 16 and 18).

Fig. 65: Refitting the condenser

7.3 Replacing the cotton filter in the case

e The cotton filter in the case is located below
the connecting hose flue gas condenser -
case (Fig. 1, pos. 19).

e Detach the hose connector after each and
every flue gas analysis, and check the cotton
filter for moisture and contamination.

e If necessary, remove and replace the cotton
filter (see Accessories).

Fig. 66: Cotton filter in the case

7.4 Cleaning the heated intake hose

After every work day with several measurements, after every measurement > 100
mg/m3 and after every measurement with the combustible “coal” the heated intake
hose and the sampling probe must be cleaned. Cleaning will take only a few minutes.

Removing the sampling probe ¢« \When the device is switched off, loosen the
union fitting and disconnect it from the hose.

AATTENTION!
Always undo or close the union fitting with the

Fig. 67: Sampling probe removed hand, never with a tool.
from the intake hose

P —

The intake hose stays connected to the digital
mass scale unit.



Cleaning the intake hose

Fig. 68: Inserting a used filter car-
tridge

Tight. test [a'srseis M

Close dust probe,

press OK to contniue!

Maintenance

Clean the heated sample intake hose at the end
of every working day that has included several
analyses. To do so, proceed as follows:

e Insert the filter cartridge into the analyser (see
chapter 0). This can be a used filter cartridge.

I HiINwWEIS!

It is important that a filter cartridge is inserted
when cleaning the intake hose, because the car-
tridge must collect the pollution.

It is possible to insert a used filter cartridge.

e  Switch on the Wdéhler SM 500.

e  On the Home Screen, press “Start”

e Ignore the prompt to close the dust probe.
e Press OK.

e The Wohler SM 500 is in the mode “Tightness
test”.

AATTENTION!

Fig. 69: Ignore the prompt to close the |t js very important to clean the hose in the ‘tight-

dust probe

ness test™mode with the pump working, so that
loosened particles can be sucked. Never clean
the intake hose during the stabilization phase or in
the measuring mode or when the device is
switched off.
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Fig. 70: Cleaning the intake hose

- =
o e

.
Fig 71: Pushing the cleaning brush
into the heated sample intake hose

Cleaning the particulate-mattere

sampling probe .

Fig. 72: Cleaning the sampling probe
with the long cleaning brush

62

When the pump is running, clean the heated
sample intake hose with the long, fine Wohler
SM 500 cleaning brush, see Accessories.

Switch off the Wohler SM 500 afterwards.

AACHTUNG!

Push the cleaning brush into the hose up to the
green pad, in no case further!

Now clean the sampling probe as follows:

Push the long cleaning brush (see accesso-
ries) through the probe from the thread to the
opening and pull it back again.
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o  With the Air Puffer (see accessories) blow the
dislodged particles out of the sampling probe.

Fig. 73: Cleaning the sampling probe

Connecting the particulate- Connect the particulate-matter sampling probe to

matter sampling probe to the the heating hose as follows:

heating hose 1. Push the rubber seal to the end of the sam-
pling probe.

T

Fig. 74: Rubber seal at the end of the
sampling probe

2. Insert the rubber seal into the end piece of
the heating hose and after that push the
sampling probe until you feel a resistance.

Fig. 75: Rubber seal inserted into the
end piece of the heating hose

3. Close the union fitting with the hand.

&ATTENTION!

Fig. 71: Particulate-matter sampling ~ Néver use a tool to undo or close the union fitting!
probe connected to the heating hose
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Removing the filter cartridge ¢  Tilt the control unit (12) to one side.
e Unscrew the screw cap (9) of the digital mass
scale unit.
The filter cartridge is now exposed.
e  Carefully withdraw the filter cartridge.

Fig. 77: Removing the filter cartridge
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7.5 Cleaning the digital mass scale unit

Fig. 79: Sample infeed tube to filter
holder with cleaning brush. The arrow
marks the position of the thermocouple

Fig. 80: Air puffer, long and short fine
cleaning brushes

The sample infeed tube leading to the filter holder
of the Wohler filter cartridge is extremely thin and,
consequently, extremely susceptible to damage.
Located in the digital mass scale unit it is possible
to see inside the tube when the Wohler filter car-
tridge is removed.

e  Carefully clean the tube using the fine Wohler

SM 500 cleaning brush.

e Clean the inside only of the sample infeed

tube leading to the filter holder with the brush.

! CAUTION!

When inserting the cleaning brush take care that
the pad stays completely outside the tube (see
figure on the left.)

! CAUTION!

Work with extreme care, and ensure you do not
damage the slender thermocouple. It is not nec-
essary or approved to clean the area surrounding
the filter holder.

In the figure on the left the arrow marks the posi-
tion of the thermocouple.

e Visually inspect to ensure there are no metal

chips sticking to the magnets. If there are, re-
move them using the Wéhler SM 500 air puff-
er (see Accessories).
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With the air puffer (see accessories) , purge
the purge the sampling probe, the hose and
the digital mass scale unit, to blow away the
particles that the cleaning brush has pushed
into the cartridge support.

Fig. 72: Purging the sampling probe, the
hose and the digital mass scale unit

7.6 Checking the hose temperature sensor, clean if necessary

e Separate the hose connection cable from the
probe by releasing and twisting the connector
plug.

Fig. 82: Releasing and twisting the con-
nector plug

Fig. 83: Removing the connector plug
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Fig. 84: Disconnecting the heated sample
intake hose

Fig. 85: Hose temperature sensor

Maintenance

To clean the hose temperature sensor, it is nec-
essary to separate the heated sample intake hose
from the probe. To do so, proceed as follows:

Carefully turning the hose cap (1) pull it back
together with the hose.

Twist off the black-colored union nut (2)

e Remove the hose from the digital mass scale

unit.

e  Carefully remove the hose temperature sensor

from the fixture.
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e  Carefully clean the temperature sensor using
the short, fine cleaning brush (see Accesso-
ries). Insert the brush and clean the digital
mass scale unit. If you encounter heavy tar
deposits, use a pipe cleaner dipped in ace-
tone.

! CAUTION!

Avoid bending the sensor under all circumstanc-
es.

e Do notinsert a filter cartridge just yet.

[3"PLEASE NOTE!
To reassemble, proceed in the reverse order.

e  Carefully refit the temperature sensor.
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e Screw the heated hose back onto the control
unit.

[3"PLEASE NOTE!

Make sure both lugs inside the hose connector
are positioned precisely into the mating recesses
in the thread above the temperature sensor. Oth-
erwise, it is not possible to achieve a properly
sealed connection.

Fig. 73: Top: Inside of hose connector
Below: Hose connector on the control
unit

Fig. 87: Hose connector on the control
unit
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e  Carefully refit the connector plug. To do so,
insert the plug with a twisting motion.

e Turn the connector to the right to its final posi-
tion until it locks with an audible click.

Fia. 88: Insertina the connector plua
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Fig. 89: Indentation for the connection
cable of the heated sample intake hose

Fig; 90: Connection cable of the heated
sample intake hose routed according to
best practice

Fig. 91: Refitting the hose cap
back onto the control unit

Maintenance

Feed the connection cable of the heated in-
take hose through the notch provided (see im-
ages opposite and below).

Finally, put the cap of the heated intake hose
back on again.

[=5"pPLEASE NOTE!

The cap of the heated sample intake hose has
four outward facing bulges corresponding to the
recesses on the top part of the control unit.

Place the cap onto the control unit ensuring
the bulges and recesses match one another;
then twist the cap so that it is joined securely
to the control unit.
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Maintenance

Carry out a leak tightness test.
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7.7 Sensor Replacement

e [f the fault indication shown on the left ap-
pears, the gas sensor will be damaged. In this

case change the O or CO sensor (0, part 28).

AWarning!

Before changing a sensor ensure that the device
is switched off!

@Note

The upper module is the CO module, and the
lower one is the O, module.

e Use a screwdriver to unlock the upper sensor
by removing the two screws.

e Remove the upper CO module.

e Proceed as described before with the lower
module, if you also want to change the O,
module.

Fig. 92: Position of the sensor module
with slot for the pinboard and threads for
the screws.

¢ Install the new sensor module by plugging the
pinboard exactly into the slot and fix the
screws hand-tight.

Fig. 93: Sensor module with pinboard
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As an option, a condensate trap module can be
installed between gas path and O, sensor.

Condensate trap module installed
between gas path and O, sensor

e We recommend you replace the silica gel
beads in the condensate trap module following
each measurement. To do so proceed as fol-
lows:

e  Pull container with the silica gel beads out of
the module.

I="noTE!

Hold the container for silica gel beads below the
Condensate trap module and container i [f you grasp the lid to pull out the container, it
for silica gel beads may open and the silica gel beads will fall out.

Pull off the lid.

Pour the silica gel beads into a plastic bag;
dispose of them in accordance with local au-
thority guidelines.

Fill the container with new silica gel beads.

Close the lid and replace the container con-
Container for beads opened taining the silica gel beads back into the con-
densate trap module.



Control functions / faults

8 Control functions / faults

8.1 Self-test

8.2 Control functions

\@8i17:21
26.86.2012

WOHLER
SM 500

Fig. 94: Home Screen

The analyser carries out a self-test imme-
diately after it is switched on. OK indi-
cates the self-test was successful. The
following tests are performed:

- Self-test frequency: Checks if the digi-
tal mass scale unit is functioning. If an
error message is displayed, check if
the Wohler filter cartridge has been in-
serted correctly.

- Self-test temperature: Checks if the
precision temperature measurement
system is functioning correctly.

- Self-test gas sensors: Checks if the Oy
and CO flue gas analysis sensors are
functioning correctly.

A symbol in the top right of the screen indi-
cates at all times whether the analyser is
operating flawlessly or if a fault has oc-
curred.

The following information and warnings are
possible:

75



Information Meaning

The Wéhler SM 500 is connected to a Computer
,‘ via USB.

USB connection to the
computer

The Wdéhler SM 500 is operational.

@

All OK.

! ATTENTION!
Send the analyser for servicing if the error messages continue to occur after carrying

out the measures described above..
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Fault indication

Possible cause

Remedy

Gas sensors not
functioning

Gas sensors could not be de-
tected

Check connections of gas sen-
sors

Communication error between
digital mass scale unit and
case

Turn analyser off and on again

A i

Gas sensors
defective

Gas sensors defective

Replace corresponding sensors
or send analyser for servicing

Frequency error -
digital mass scale
unit

Frequency of digital mass
scale unit too high

Check if the filter cartridge is
seated correctly

Measurement error

Turn analyser off and on again
Check connection cable be-
tween digital mass scale unit
and case, replace if necessary

Digital mass scale unit defec-
tive

Send analyser for repair

Volume flow not in
required range

Fleece or cotton filter damp or
contaminated

Check fleece and cotton fil-
ters, replace if necessary
Empty condensate out of
condenser

Particulate matter loading in
filter cartridge too high

Replace filter cartridge with a
new one; repeat analysis, if nec-
essary

Communication error between
digital mass scale unit and
case

Turn analyser off and on again
Check connection cable be-
tween digital mass scale unit
and case, replace if necessary

Reduce the flow during the test
and calibration procedure to
ensure calibration gas is not
used unnecessarily. The warn-
ing symbol is displayed here
for that reason

No measures required

Analyser defective

Send analyser for repair

Temperatur warn-
ing

Hose temperature sensor pol-
luted

Clean hose temperature sensor,
see point 7.6.

Hose temperature sensor de-
fective

Send analyser for repair
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0° C or temperature sensor
defective

& Temperature of the SM 500 <

Filter temperature
warning

Before measuring make sure that
the analyzer is warmer than 0°C.

Red text “Filter” Pressure drop at the filter car-
tridge is too high

Finisch the running measurement
and change the filter cartridge
after that.

Negative result The dust probe is too cold

9 Warranty and Service

Preheat the probe, e.g. with the
heatable probe support

9.1 Warranty Each Suspended Particulate Analyser Wéhler SM
500 will be tested in all functions and will leave
our factory only after extensive quality control
testing. The final control will be recorded in detail
in a test report and delivered with any unit.

If used properly, the warranty period for the
Wohler SM 500 will be 12 month from the date of
sale. Not covered by the warranty are compo-
nents subject to wear, e.g. filters.

This guarantee does not include the costs for
transport and packing material in case of repair.

Service by non authorized personnel or making
modifications to the Analyser voids any warranty.

9.2 Service We see SERVICE as a very important element in
our business. That is why we are still available to
you even after the guarantee period has expired.

* An immediate repair will be carried out if you
bring your instrument to us in Bad Wiinnenberg.

* If you send us the instrument, it will be returned
to you by our delivery service after repair in just a

few days..

* You can obtain immediate help from our engi-
neers by telephone.
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EC Conformity

10 EC Conformity

The manufacturer

WOHLER Technik GmbH
Woéhler-Platz 1, D-33181 Bad Wiinnenberg

declares that the product:

Product name: Wohler SM 500 Suspended Particulate Analyser
corresponds to the following product specifications:

TOV test to 1st BImSchV and KUO, TUV By RgG 290

(BlImSchV = Federal Immission Control Act

KUO = Ordinance regulating the sweeping and inspection of chimneys
TUV By RgG 290 =

VDI 4206, Part 2
EN 50270 and EN 61000-6-3
Further information:

The analyser complies with the essential requirements of the following directives: Di-
rective 2014/30/EC on EMC and the Low Voltage Directive 2014/35/EC (EN 60 74 29 /
95). When using the analyser observe the following information pertaining to the operat-
ing instructions:

CE Mark on the Woéhler SM 500 - Information on EMC Declaration of Conformity
in the operating instructions

The electromagnetic disturbance produced by this analyser is well below the legal limit.
This declaration is issued on behalf of the aforementioned manufacturer by:

Dr. Stephan Ester, Managing Director

Bad Winnenberg, 01/07/2016

WOHLER Technik GmbH
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11 Accessories

Printer
Woaohler TD 100 Thermal Printer

Spare parts and consumables

10 Filter Cartridges for Wéhler SM 500 in exchange of used car-

tridges

10 Filter Cartridges for Wéhler SM 500
Coarse filter vlies for Wohler SM 500
Wadding Filters for Wohler SM 500
Maintenance accessories

A set of 3 fine Wéhler SM 500 cleaning brushes for use on
measurement hose and digital mass scale unit

Wohler SM 500 air puffer

Software

Wéhler SM 500 PC software incl. USB cable
Shipping

Waohler SM 500 backpack carry case
Additional telescopic stand

Stand set including stand, extension control cable and sample
intake hose to set up the control unit outside of the case.

Heat able support for the sampling probe
Extras

Condensate trap module Wdéhler SM 500

Refill package silica gel

Probe tube 450 mm, straight for Wohler SM 500
Additional Probe Heating Wéhler SM 500
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Points of sale and service

Germany

Wohler Technik GmbH
Wohler-Platz 1

33181 Bad Wiinnenberg
Tel.: +49 2953 73-100
Fax: +49 2953 73-96100
info@woehler.de
www.woehler.de

Wohler West

Castroper Str. 105
44791 Bochum

Tel.: +49 234 516993-0
Fax: +49 234 516993-99
west@woehler.de

Wohler Sid
Gneisenaustr.12

80992 Miinchen

Tel.: +49 89 1589223-0
Fax: +49 89 1589223-99
sued@woehler.de

USA
Wohler USA Inc.

5 Hutchinson Drive
Danvers, MA 01923
Tel.: +1 978 750 9876
Fax.: +1 978 750 9799
www.wohlerusa.com

Italy

Wohler Italia srl

Via Coraine 21

37010 Costermano VR
Tel. +39 045 6200080

Fax. +39 045 6201508
www.woehler.it

Austria
Wohler GmbH

Heinrich-Schneidmadl-Str. 15

3100 St. Pdlten

Tel.: +43 2742 90855-11
Fax: +43 2742 90855-22
info@woehler.de

Czech Republic
Wohler Bohemia s.r.o.

Za Naspern 1993
393 01 Pelhrimov
Tel.: +420 565 323 076
Fax: +420 565 323 078
info@woehler.cz

France
Wohler France SARL

31 Bis Rue Georges Ohnet

31200 Toulouse
Tel.: +33 561 5240 39
Fax: +33 562 27 11 31
info@woehler.fr
www.woehler.fr

Your contact:
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