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WARNINGS

AmbiRad equipment must be installed and maintained in accordance with the relevant
provisions of the Gas Safety (Installations and Use) Regulations 1998 for gas fired products.
Due account should also be taken of any obligations arising from the Health and Safety at
Works Act 1974 or relevant codes of practice. In addition the installation must be carried out
in accordance with the current IEE wiring regulations (BS 7671), BS 6896 (Industrial &
Commercial) and any other relevant British Standards and Codes of Practice by a qualified
installer. All external wiring MUST comply with the current IEE wiring regulations.
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Welcome to the range of Nor-Ray-Vac ‘LR’
series continuous radiant tube heaters. The
Nor-Ray-Vac ‘LR’ series system complies with
the requirements of the European Gas
Appliance Directive BS EN777-4. Local
regulations may vary in the country of use and it
is the installers responsibility to ensure that
such regulations are satisfied.

All installation, assembly, commissioning and
service procedures must be carried out by
suitable qualified competent persons to the
statutory regulations in the country of use.

When assembling, installing, commissioning and
servicing is undertaken on radiant tube heaters
specified in these instructions, due care and
attention is required to ensure that working at
height regulations are adhered to at the
mounting heights specified.

PLEASE READ this document prior to
installation to familiarise yourself with the
components and tools you require at the various
stages of assembly.
All Dimensions shown are in mm unless
otherwise stated.

The manufacturer reserves the right to alter
specifications without prior notice.

The Ambi-Rad Nor-Ray-Vac ‘LR’ series direct
gas fired radiant heating system comprises of a
continuous system with a number of burners
located in series in a radiant branch, and a

number of radiant branches manifolded
together, linked by a tail pipe to a vacuum fan
discharging the spent products of combustion to
atmosphere. A system may comprise of just one
burner and one vacuum fan, to multiple burners
in multiple radiant branches with one or more
vacuum fans.

To enable exact matching of operational needs
within an area, distances between burners and
ratings of the burners can vary. The unique
feature of Nor-Ray-Vac ‘LR’ series is a radiant
system which provides uniform heat coverage of
the floor area, eliminating hot/cold spots.

The tube into which the burners are mounted
and over which the reflectors are fitted and
emits the maximum heat is called the radiant
tube. The radiant heat emitted from the hot tube
is directed downwards by reflectors. The
remaining interconnecting tube is called the tail
pipe and radiates with less intensity.

The operating temperatures of the tubes
generally range from 200°C — 480°C max.

The action of the vacuum fan is three fold; to
create a high negative pressure within the
radiant tube and tail pipe so as to discharge the
spent products of combustion from the system
to a point outside the building being heated; to
control the flow of gas and air through each
burner in stoichiometric proportions; to draw
carrier air into the tube system at the start of
each radiant branch, in order to distribute the
heat from the flame along the tube.

Isolate any electrical supply to the
heater and controller before proceeding.

1.1 Health and Safety

AmbiRad heaters must be installed in
accordance with the relevant provisions of the
Gas Safety (Installations and Use) Regulations
1998.

Due account should also be taken of any
obligations arising from the Health and Safety
at Works Act 1974 or relevant codes of
practice. In addition the installation must be
carried out in accordance with the current IEE
wiring regulations (BS 7671), BS 6896:
(Industrial & Commercial) and any other
relevant British Standards and Codes of
Practice by a qualified installer. Isolate all
electrical supplies to the heater & controller
before proceeding.

The system is assembled at high level
suspended by chains from first fixings to
the roof structure.

(First fixings by others)

G

For your own safety we recommend the use of
safety boots and leather faced gloves when
handling sharp or heavy items. The use of
protective eye wear is also recommended.

1.2 Burner Model Definitions

NRVxxLR-EV = Nor-Ray-Vac continuous
radiant tube heater only for use with branch end
configurations.

NRVxxLR-IL = Nor-Ray-Vac continuous

radiant tube heater only for use with in-line
configurations.

xx denotes kW rating. Models available; 12, 18,
24, 32, 38 and 46



1.3 Heater Suspension
1.3.1 First considerations

e Clearances from combustibles must be
maintained. (See figure 2)

e For ease of servicing there should be a
minimum clearance distance of 500mm
between the burners of the heating system
and the building wall. This measurement
can be reduced for perimeter type systems.
(See figure 1a).

e For ease of servicing and burner removal
minimum clearances should be maintained.
(See figure 1b and 1c). In exceptional
circumstances the burner lid may be slid
diagonally for removal thus reducing the
vertical distance.

e Ensure that the suspension is sufficiently
flexible to allow for thermal expansion.

1.3.2 Suspending the heater - General

1.3.2.1 The first support is always positioned at
the support lug suspension point on the end
vent burner combustion chamber.

1.3.2.2 Subsequent supports are placed
approximately 2.8m apart, including one at each
combustion chamber location. This gives a
maximum load per support of 24kg.

Figure 1.a Overall Dimensions

A - Burner Tube
B - LR Burner
C - Optional Perimeter Reflector

1.3.2.3 A support must always be located at a
maximum distance of 2m from a tee or elbow
fitting.

1.3.2.4 Except for the combustion chamber
support lug suspension points, suspension
support brackets are installed to support the
tube section which is then covered with
reflectors.

1.3.2.5 Tail pipe hangers are installed for the
tube section which will be without reflectors.

If there are any doubts as to the strength or
suitability of roof steelwork to which heaters are
to be suspended, please refer to a Consultant,
Architect or owner of the building.

Table 1. Minimum mounting heights

Model Mint'neltr;“l\ékz;r;ting
NRV12LR 3.0m
NRV18LR 3.6m
NRV24LR 4.0m
NRV32LR 4.7m
NRV38LR 53m
NRV46LR 6.0m

246mm

D - Wall

174mm

286mm

350mm

149mm

155mm

500mm MIN

(100mm MIN - Perimeter Systems)

-—/\/



Figure 1.b Clearance for servicing - distances to walls and obstacles above.

NovRey Ve

Figure 1.c Clearance for servicing - distances to obstacles above.

E - Obstacle over burner
F - End vent module
G - Burner lid
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1.4 Clearance to Combustibles.

The minimum clearances to combustible materials are given in table 2 below. These minimum
distances MUST be adhered to at all times.

Figure 2 Diagram illustrating the clearance to combustibles

Dim 'C'

\_ﬁy“““_'_-

Dim'D'

Dim'B'
-._/\/

Dim 'A’

Distance from combustibles (distance from heat source that will produce a 50°C rise in temperature above ambient of a
black surface) A Radiant tube; B Standard reflector; C Combustible material underneath; D Combustible material on side;
E Combustible material above; F Perimeter reflector;

Table 2
Burner Model NRV12LR NRV18LR NRV24LR
Endvent | In-line | Endvent | In-line | Endvent | In-line
Below tube
Dim D Without undershield mm 1120 1250 1120 1250 1120 1250
Dim D With undershield mm 760 850 760 850 760 850
Dim C Above Tube mm 250
Horizontally
Dim B Standard reflector ~ mm 600 770 600 770 600 770
Dim A Perimeter reflector mm 305 450 305 450 305 450
Burner Model NRV32LR NRV38LR NRV46LR
Endvent | In-line | Endvent | In-line End vent
Below tube
Dim D Without undershield mm 1440 1700 1570 2100 1700 2100
Dim D With undershield mm 760 850 785 1050 850 1050
Dim C Above Tube mm 250
Horizontally
Dim B Standard reflector ~mm 700 850 700 1000 700 1000
Dim A Perimeter reflector mm 305 510 305 600 305 600




1.5 Gas Connection and Supply

{ Before installation, check that the

@ local distribution conditions, nature of
gas and pressure, and adjustment of
the appliance are compatible.

A competent or qualified engineer is required to
either install a new gas meter to the service
pipe or to check that the existing meter is
adequate to deal with the rate of gas supply
required.

Installation pipes should be fitted in accordance
with BS 6896, so that the supply pressure, as
stated in Table 3 will be achieved. It is the
responsibility of the competent engineer to
ensure that other relevant Standards and
Codes of Practice are complied with in the
country of installation.

Pipes of smaller size than the heater inlet gas
connection must not be used. The complete
installation must be tested for soundness as
described in the country of installation.

The gas union service cock MUST be

Take care when making a gas connection
to the heater not to apply excessive turning
force to the internal controls.

A flexible hose is installed to allow safe linear
expansion to each burner without creating
undue stress on the gas supply pipe work. It is
therefore important that a tested and certified
hose assembly made to ISO 10380, supplied
with %" BSP female cone seat adapters, is
installed as per these instructions.

It is also important to ensure that expansion is
taken up in the body of the flexible hose, and
not on its attachment to the pipe work.

The cone seat adapter supplied on one end of
the flexible gas hose provides a “swivel action,
and must be fitted on the burner using a %"
BSP barrel nipple to provide ease of
disconnection for future servicing.

The installation layout described below is
the only method recommended by the
institute of gas engineers, the hose
manufacturer, and AmbiRad and must only be

@ fitted in the gas supply close to the carried out by a qualified/competent gas
heater, but not onto the burner itself. engineer.
Table 3 Gas Supply Pressures
Gas Category G20 G25 G30 G31
Gas Type Natural Gas Natural Gas Butane Propane
Max Supply Pressure (mbar) 50 50 35 57.5
Min Supply Pressure (mbar) 17.5 20 20 25
Nominal Pressure (mbar) 20 25 29 37
Gas Supply Connection R%2 %in BSP Internal Thread




Figure 3. Correct Installation of Flexible Gas Connection
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Depending on the specific installation, the

flexible gas hose may be routed to the gas Arrow denotes

cock at any of the following angles in relation to dlrect|op of
the burner- expansion.
: :
Vertical (fig.a) -
45° angle  (fig.b)
90° angle (fig.c)
Any other position in between these angles is fig.d
acceptable.
Care must be taken to observe the minimum
pipe bend diameter (minimum 250mm,
maximum 350mm) & pipe expansion distance 50 +/- 20mm
(minimum 30mm, maximum 70mm) as shown
in fig.e.
Maximum bend diameter for the hose is 400 +/- 50mm
450mm. SRR
The correct installation as shown will allow Burner :
for_approx 100mm of movement due to o ________. ! .
expansion. fig.e

\ Y A ws|
fig.f Uw fig.g

The methods shown in fig.f and fig.g are unacceptable, due to undue stress on the hose & fittings.




1.6 Electrical Connections

Standard burner 16W.
Current rating 0.05 amp per burner
Fuse: external 3 amp.

Each component carrying an electrical
supply must be earthed.

Supply for burners is 230V 50Hz single
phase.

* Exhaust fans are three phase 415V
50Hz.

* |P54 rated Inverter panel LRU’s require
a 230V single phase supply at 22A (B80/
B160) or 30A (B300)

* Standard LRU’s require a 415V three phase
supply at 25A (BH300)

* refer to individual site specifications

All electrical work should be carried out to IEE
standards by a competent electrician.

The electrical connection to the burner is made
by means of a three pin plug-in power
connector. Live, neutral and earth connections
should be made via a flexible supply cable to
the power connector and routed clear of the
heater or tubes.

The flexible supply cables to each burner

Figure 4.a. Typical Wiring Connections

should be of 0.5mm?2
minimum and comply
with BS 6500:2000. For
fan and LRU supply, the
wire size must be suit-
able for the current rat-
ings as listed in Table
10.

The wires in the mains
lead are coloured in
accordance with the
following code: Green &
Yellow Earth; Blue
Neutral; Brown Live

The method of connection to the electrical
supply must facilitate complete isolation and
should be via a fused double pole isolator
having contact separation of at least 3mm on all
poles and supplying the appliance only.

We recommend use of AmbiRad approved
controls. Please refer to; SmartCom control
manual for siting and installation details and
figures 4.1 and 4.m

Where alternative controls are used, please
refer to the manufactures instructions for their
siting and installation details.

To other
in-line burners

Fused Spur
In-line
‘Power out’ from Burner W
End Vent Burner to /

In-line Burner(s)

End Vent

Burner

230V 50Hz
Fused Spur Switched Supply

fromgControI Source



1.6.1 NRV LR system - Typical External Diagram
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1.6.2 Wiring Details
Figure 4.c. LR internal wiring diagram - End Vent Burner (EV)
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Figure 4.d. LR internal wiring diagram - In-line Burner (IL)
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Figure 4.e. LR internal wiring diagram - End Vent Burner c/w N/O or N/C volt free Lockout contacts
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Figure 4.f. LR internal wiring diagram - In-line Burner c/w N/O or N/C volt free Lockout contacts
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Figure 4.g. LR internal wiring diagram - End Vent Burner c/w 3 way solenoid valve
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Figure 4.h. LR internal wiring diagram - End Vent Burner c/w valve & N/O or N/C VF Lockout contacts
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Figure 4.j. NRV Inverter Internal Wiring Diagram for B80, B160 and B300 three phase fans
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Figure 4.k. NRV Local Relay Unit Internal Wiring Diagram for BH300 three phase fans
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Figure 4.I. NRV Schematic interconnecting wiring. B80, B160 and B300 three phase fans

controlled by SmartCom3 via single phase Inverter panel. (single zone shown)
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Figure 4.m. NRV Schematic interconnecting wiring. BH300 three phase fans controlled by

SmartCom3 via three phase Local Relay panel. (single zone shown)
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Figure 4.n. NRV Schematic interconnecting wiring. B80, B160 and B300 three phase fans
controlled by SmartCom3 via single phase Inverter panel. Zonal BMS Lockout and VF interface.
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Figure 4.p. NRV Schematic interconnecting wiring. B80, B160 and B300 three phase fans
controlled by SmartComa3 via Inverter panel. Individual BMS burner Lockout and VF interface.
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1.7 Ventilation Requirements

Nor-Ray-Vac heaters are installed as flued
appliances in accordance with the relevant
national requirements in the country of
installation.

In buildings having an air change rate of less
than 0.5 per hour, additional ventilation is
required. For detailed information, please see
BS6896 section 5.2.2.2.1

Natural Ventilation
Low level ventilation openings with a free area

of at least 2cm2/kW shall be provided. See
BS6896 section 5.2.2.2.2.1.

1.8 Exhaust and Air Inlet - Options

1.8.1 Horizontal discharge

19

1.8.2 Vertical discharge

Considerations.

The vacuum fan must be located as
shown in the layout drawing.

The vacuum fan must have a bottom
horizontal discharge.

The fan should be fitted to the mounting
platform which is fixed to the wall or
building structure. Alternatively, the fan
can be suspended from the roof
structure, via drop rods (not supplied) and
mounted on base frame. (Anti-vibration
mountings are fitted between the fan and
the mounting platform/base frame.

For full details of parts and installation,
please refer to section 2.9.3



1.8.3 Ducted Air Inlet Considerations.

Heat resistant flexible tube is connected to the
burner assembly ducted air adaptor and the
EVM ducted air adaptor and connected to the
air supply duct

The maximum length of 100mm diameter
ductwork is 2m.

Ensure that the flexible supply duct does not
drape over or touch the reflector.

Figure 5.a. Header Duct Connection

Main header Duct
@150 for LR12-24
@200 for LR32-46

@100 Duct to EVM

500mm MIN

Figure 5.b.
End Vent Ducted
Air Inlet Connection
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Ensure that the flexible ductwork is installed to
allow for expansion of the heating system.

On a header duct, the main air supply header
which is feeding the individual branch ducts and
burner/end vent supply ducts must have a
maximum pressure drop of 0.25 mbar (0.lin

wg).

All joints and seams in the air supply system
must be made air tight and a bird screen used at
the inlet.

For full details refer to section 2.13

Branch Duct

/ @100 for LR12-24, @150 for LR32-46

@100 Duct to burner

450mm MIN
(For heater duct
Directly above system)

Figure 5.c.
Burner Ducted
Air Inlet Connection



1.9 Vacuum fan mounting details (Type ‘B160’ fan illustrated)

Fan Size B8O B160 B300 BH300
A (crs) 216 276 286 324
B 595 595 625 704
C 305 308 330 352
D 580 555 575 650
E () 150 152 152 152
F 50 97 50 50
G () 150 150 150 148
H 295 318 340 380
J 80 90 90 110
K 150 140 140 120
L 240 240 240 240
M 309 303 341 404
N 50 62 157 157
P 421 463 616 680
R (crs) 318 318 318 318
S (crs) 356 356 356 356
T 204 204 204 204
Vv 115 115 115 115
X 21 36 46 84
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1.10 Technical Details.
Tables 4a & b Burner Details

No of Injectors

1

Gas Connection

% in BSP Internal thread

Burner current

0.05 (per burner)

Electrical Voltage/Ph/Hz

230 volt 1 phase 50Hz

Burner Type 12LR 18LR 24LR 32LR 38LR 46LR
Burner Details

Gas Category Il
Heat input (Gross) kw 12 18 24 32 38 46

Gas consum rate Nat Gas G20 m3/h 1.14 1.72 2.29 3.05 3.62 4.38

Max Inlet pressure Nat Gas G20 | mbar 50

0 Min Inlet Pressure Nat Gas G20 | mbar 175
B Hs Nat Gas G20 MJ/m?3 37.78
§ Hi Nat Gas G20 MJI/m?3 34.02
E d Nat Gas G20 0.555
95) Ws Nat Gas G20 MJ/m3 50.72
? | Wi Nat Gas G20 MJ/m? 45.67
Injector size Nat Gas G20 mm 3.6 4.4 4.9 5.4 5.8 6.3
Injector Part No. L100336 | L100544 | L100549 | L100554 | L100558 | L100563

Air shutter size Nat Gas G20 mm 13 17 19.5 22.0 24.0 26.5

Air shutter Part No. L100322 | L100321 | L100320 | L100314 | L100316 | L100318

Gas Category Il
Heat input (Gross) kw 12 18 24 32 38 46

Gas consum rate Nat Gas G25 m3/h 1.33 1.99 2.66 3.55 4.21 5.10

Max Inlet pressure Nat Gas G25 | mbar 50

0 Min Inlet Pressure Nat Gas G25 | mbar 20
E Hs Nat Gas G25 MJ/m3 32.49
§ Hi Nat Gas G25 MJ/m3 29.25
E d Nat Gas G25 0.612
8 Ws Nat Gas G25 MJ/m3 41.52
@ | i Nat Gas G25 MJ/m? 37.38
Injector size Nat Gas G25 mm 3.7 4.6 5.2 5.8 6.3 6.9
Injector Part No. L100537 | L100546 | L100552 | L100558 | L100563 | L100569

Air shutter size Nat Gas G25 mm 13 17 19.5 22.0 24.0 26.5

Air shutter Part No. L100322 | L100321 | L100320 | L100314 | L100316 | L100318
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Tables 4c & d Burner Details

Burner Type 12LR 18LR 24LR 32LR 38LR 46LR

Burner Details

Heat input (Gross) kw 12 46
Max Inlet pressure Butane G30 mbar 35
Hs Butane G30 MJ/ms3 125.81
d Butane G30 2.075
Wi Butane G30 MJI/m3 80.58
Injector Part No. L100526 | L100532 | L100537 | L100542 | L100546 | L100551
Air shutter Part No. L100322 | L100321 | L100320 | L100314 | L100316 | L100318
Heat input (Gross) kw 12 18 24 32 38 46
Max Inlet pressure Propane G31 | mbar 57.5
Hs Propane G31 MJ/m3 95.65
d Propane G31 155
Wi Propane G31 MJ/m3 70.69
Air shutter Part No. L100322 | L100321 | L100320 | L100314 | L100316 | L100318

Hs = Gross CV

Hi = Net CV

Ws = Wobble number on gross CV

Wi = Wobble number on net CV

d = specific density

Reference gas conditions = dry, 15°C 1013 mbar
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Table 5. Heater Details

Burner Type 12LR 18LR 24LR 32LR 38LR 46LR
Min distance between burners m 5.2 7.4 9.4 14 18 23
Max distance between burners m 7.2 10.2 13.1 18 23 27
Min @s}ance between burner m 36 36 50 6.0 70 8.0
and fitting
Max tube temp °C 450 480
Min mounting height m 3.0 3.6 4.0 4.7 5.3 6.0
Max burners per branch 5 4 3 3 3 3
Table 6. End Vent Module (EVM)
Burner Type 12LR 18LR 24LR 32LR 38LR 46LR
End vent setting (hot) mbar 6.25 6.25 6.25 6.25 6.25 6.25
- Multi burner systems
End vent setting (hot)
- SINGLE End Vent burners only mbar n/a n/a n/a 7.5 8.25 9.25
End vent setting (hot)
- THREE burners in a branch mbar n/a n/a n/a n/a n/a 5.6
End Vent orifice diameter mm 14.5 16 24 27 32 n/a
End Vent orifice Part No. L104102| L104101| L104100| L104093| L104092 n/a
Table 7. o
. . . N f -l
Burner Dip-switch position umber (qty) of burners in-line
(see section 3.3.1.8) 1 2 3 4 5
1 1 1 1 1 1
2 - 2 2 2 1
Burner Number
(within each radiant branch - 3 - - 3 3 2
lowest number closest to fan)
4 - - - 4 3
5 - - - - 4
To set dip-switch slide the white switch toward the numbers (1-4)
Table 8. Noise Data
Burner Type 12LR 18LR 24LR 32LR 38LR 46LR
Noise level @ 3m below db(A) 46 47 47 48 50 51
In-Line BURNER NR#2 40 41 41 42 44 45
Noise level @ 3m below db(A) 46 48 48 52 55 58
EVM Burner NR+2 40 42 42 46 49 52
Noise level @ 3m below db(A) 44 45 45 48 o1 53
EVM with silencer NR#2 38 39 39 42 45 47
Noise level @ 3m below db(A) tba tha tha tba tba tba
EVM Burner with Ducted Air NR=2 tba tba tba tba tba tba
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Table 9. Fan Details
Fan Size B80 B160 B300 BH300
Fan part number 201760 201761 201732 201763
Motor (TEE) QS 80M2B H QS 90S2A-40H QS 90L2A H QS 112M2A H
Power kW 11 15 2.2 4.0
Supply to Fan V/Hz/P 230~50/3 230~50/3 230~50/3 400~50/3
Run Current A 4.38 5.6 8.48 7.2
Start Current A n/a n/a n/a 54.0
Speed RPM 2850 2860 2480 2880
Wired A A A A
Flow rate @ 20°C m3/h 368 736 1380 1380
Flow rate @ 150°C m3/h 259 519 972 972
Pressure mbar 29 29 29 42
Max Operating Temp. °C 200 200 200 200
Weight kg 45 52 58 75
Table 10. Local Relay Unit
Fan Size B80 B160 B300 BH300
LRU part number 900274 900088 900089 900282
Inverter type kw 15 15 2.2 n/a
Supply to LRU V/IHz/P 230~50/1 230~50/1 230~50/1 400~50/3
Line Current A 14.8 14.8 20.8 n/a
Motor Current A 4.2 5.6 7.8 7.2
Fuse Rating A 22 22 30 n/a
Acceleration Time S 25 25 25 n/a
Deceleration Time S 25 25 25 n/a
Table 11. System Weights
Burner Type 12LR 18LR 24LR 32LR 38LR 46LR
LR Burner kg 8.3
Radiant branch* kg/m 8.3
Radiant branch + Slimline grille* kg/m 10.9
Radiant branch + Protective guard* kg/m 10.0
4" Mild steel tail pipe kg/m 5.5
4" Aluminum tail pipe kg/m 0.9
6” Mild steel tail pipe kg/m 10.6
6” Aluminium tail pipe kg/m 1.3
Max / susp point @ EV position kg 24.2

* without burners or ducted air systems
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PLEASE READ this section prior to

assembly to familiarise yourself with the
components and tools you require at the
various stages of assembly. Carefully open the
packaging and check the contents against the
parts and check list.

Please ensure that all packaging is
disposed of in a safe environmentally
friendly way.

For your own safety we recommend the
use of safety boots and leather faced
gloves when handling sharp or heavy items. The

The manufacturer reserves the right to alter use of protective eye wear is also
specifications without prior notice. recommended.
2.1 Tools Required.
The following tools and equipment are advisable Suitable alternative tools may be used.
to complete the tasks laid out in this manual.
10mm,
Trestles I';eatr:jer Pozidrivg 12mm &
ace Screwdriver 13mm
Gloves
Spanners
Wrench With 13mm Tape 4 & 5mm
Extension Socket Measure Allen
Keys
s E?vpzeter Silicone
aw
& 3/16" Sealant
. & Gun
Rivets
2.2 Assembly Notes.
Please read these assembly notes in
conjunction with the correct assembly
drawings (Sections 2.2.1t0 2.21.1)
The system is assembled at high level Burner Combustion
Chamber

suspended by chains from first fixings to
the roof structure.
(First fixings by others)

2.2.1 Radiant Tubes

Note: on assembly, tube seams to be
facing upwards.

All  radiant tubes are

10lmm (4") O/D, ERW

steel to BS 6323:Part 5:

are factory pre-painted

and supplied in 5.2m

lengths.

These may need to be

cut depending on the system drawing design.
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Combustion chambers are

2.6m in length and increase in

diameter to 127mm (5") around the
burner turret.

All tubing, combustion chambers, dampers and
tube fittings are connected by ‘wrap-around’
stainless steel couplers which clamp by means
of two high tensile stainless steel set pins. (See
section 2.2.2)



2.2.2 Couplers

The Nor-Ray-Vac Tube Coupler is a screw
tightening, self aligning - positive located tubular
coupler. Manufactured in a non—corrosive
stainless steel it is available in both 100mm (4")
and 150mm (6").

Two high tensile stainless steel set pins tighten
to clamp the coupler onto the tube whilst a rivet
provides a centralised permanent stop to give
the joint equidistance.

The following procedure explains the correct
method of assembly:

Before assembly, carefully loosen the two
screws. Position the coupler onto the first tube
ensuring that the bars are positioned uppermost.

Slide the coupler over the tube ensuring that the
rivet stop has butted up to the tube end.

Using a 6mm allen key, tighten the relevant pin.
DO NOT OVERTIGHTEN.
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Slide the second tube into the coupler ensuring
that the rivet stop has butted up to the tube end.

Using the 6mm allen key, tighten the second
pin. DO NOT OVERTIGHTEN.

Moving between the two set pins, tighten both
ensuring that equal pressure is applied to each
set pin in turn.

If all steps have been followed correctly, the
coupler should have aligned itself parallel to the
two tubes and a slight indentation can be
observed. Using the 6mm allen key, finally
tighten each screw by a further quarter turn. If a
power tool is used, use a torque limit setting of
6.6 Ibf/ft (0.91kgf/m) must be achieved.



2.2.3 Reflectors

The radiant tube sections of the system are
fitted with reflectors made of either stainless
steel or aludip to direct infra-red rays
downwards.

The reflectors have a unique design profile to
maximise the reflected radiant heat, minimise
convective loss, and maximise on rigidity.
The reflectors are overlapped and held in
position by the reflector bracket assembly.

There are two styles of reflectors:

2.2.3.1 Standard Reflectors

These 2.4m long reflectors are positioned above
the tube to radiate the heat downwards and are
fixed to the radiant tube via a reflector bracket
(see section 2.5). The combustion chamber
reflector has a rectangular hole and slot, pre cut
to allow for burner combustion chamber and
support lug fitting.

Combustion Chamber
Reflector

2.2.3.2 Perimeter Reflectors

Perimeter reflectors are used when the radiant
tube is mounted at the perimeter of the building.
They have the same profile as standard
reflectors but extended one side to direct the
radiant heat away from the wall.

The perimeter combustion chamber reflectors
have a cut-out for the combustion chamber
turret and suspension lug at both ends so that
the one reflector can be used for either left or
right hand perimeter systems.

Note: when overlapping the perimeter
combustion chamber reflector, extra
overlap is required to cover the pre-cut
holes and slot.
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2.2.3.3 Corner Reflectors
Used where radiant tubes are joined with a 90°

bend. The corner reflector comes in two pieces
and is assembled on-site.

L \\
A \“\

Corner Reflector

P

2.2.3.4 Tee piece Reflectors
Used where a radiant tube connects to another

at right angles. The reflector is a special short
section with a central tube cut out.

Tee section

2.2.4 Brackets

There are two styles of brackets:
2.2.4.1 Suspension brackets.

Suspension brackets are made from a one
piece construction and are formed to support
the tube and reflector alike. The wrap around
ends are aligned to hold a turnbuckle eyelet in
the correct hanging position.

Standard
Suspension Bracket



A perimeter suspension bracket is available
which has the same profile as the standard
brackets but extended one side to
accommodate the perimeter reflector.

Primeter
Suspension Bracket

2.2.4.2 Reflector Support Bracket

Reflector Support Brackets are a two piece
construction. The first half is formed to seat on
top of the radiant tube and supports the reflector
sides in position. The second part clamps
around the bottom half of the tube and is fixed in
position via a fastener.

Standard Reflector
Support Bracket

The reflector support bracket has two functions
depending on the position of the fixing screws.

1.
2.

To fix the reflector into position.
To allow the reflector to slide within the
bracket for thermal expansion.

A perimeter reflector support bracket is available
which has the same profile as the standard
brackets but extended one side to
accommodate the perimeter reflector.
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Perimeter Reflector
Support Bracket

2.2.4.2.1 Attachment
bracket.

of reflector

Fit the reflector bracket (B) around the
tube and tighten the set pin (D) to clamp the
central clip (C) to the tube.

The set pins (A) positioned at both edges of the
bracket (B) are used to provide either a fixed
joint or a sliding joint.

Leave a minimum 3mm gap clearance between
reflector and screws for a sliding joint.

‘Sliding Joint’ detail.

R

nin 3mm GAP

The reflector overlap after each burner must be
a ‘sliding joint’, to allow for thermal expansion.



The next downstream reflector overlap must be
a ‘fixed joint’.

This pattern of alternate sliding and fixed joints
will continue up to the next in line burner or
damper assembly.

A reflector support bracket must be positioned at
the end vent and at the damper end of each
radiant branch, plus either side of a reflector
corner and reflector tee section.

These units must be ‘fixed joints’.

2.2.5 Burner
2.2.5.1 LR Burner Unit

Each burner will consist of:

A burner control housing (BCH) of chassis style
with detachable pivoting lid. All control wiring to
the burner head is within the BCH, which also
contains a combination gas valve comprising of
2 class 2 solenoid valves, dedicated zero
governor and filter, a full sequence controller
and cassette air filter for primary air supply to
the burner. Externally on the BCH, neon lights
indicate mains on and burner on modes.

The air and gas are pre-mixed to stoichiometric
proportions within the burner head assembly,
prior to being admitted to the point of
combustion.

Ignition is by an electric arc forward of the face
of the burner head on to the main frame.

LR Burner

2.2.5.2 Burner Head

A burner head assembly of lightweight cast
aluminium construction, a ceramic style burner
head insert, maintained in position by the flame
retention grid. The casting assembly also
accommodates the gas jet, air shutter and
mixing chamber.

LR Burner head

The ignition and flame
sensing electrode
assembly is mounted to
the casting flange of the
burner face.

2.2.6 End Vent Module (EVM)

At the start of each radiant branch an end vent
module is connected to the rear of the first
combustion chamber. The end vent module
externally maintains the lines of the reflector
profile.

End Vent Module

To comply with European standards that state
air flow must be proven in each radiant branch,
the end vent burner incorporates an air pressure
switch. The end vent module incorporates the
flow sensing pipework carrier air orifice plate
and optional silencer box to reduce noise levels.

2.2.7 Vacuum fans

A low noise robust steel plate fabricated
centrifugal fan coated with heat and corrosion
resistant paint, capable of a static pressure of
either 29 mbar or 45 mbar at 20°C and directly
coupled to a totally enclosed motor to be fitted
at the end of the tube system.

The fan exhausts the products of combustion
from the system discharging through an outlet
flue pipe to atmosphere

external to the building.

The maximum operating
temperature is 200°C.

The fan motor is IP55
rated for external use.

Exhaust Fan



"0S0G0T1 - 10308))9y Jaqureyd uonsnquo N :(00T@) 0TTZTTO - 48|dnod agnl "9 :0%0T - 00T
agnl uelpey ‘4 (9NS-TOSOTTD - J818wnad) gNS-00S0TTO - J8bueH uoisuadsns '3 :gNS-00£99.0
- aponquinl ‘A ‘#2S9 - Aqulpssds ‘D :Bn7 uoisuadsns ‘g :gNS-0Z0TOTT - Jaqweyd uonsnquiod 'y

"Uej 8y} SPJEMO) JUSA pus ayl
woJj Aeme |e) 1ybiis & Yum 1o [2luoziioy ayl ul pajfeisul sl agny juelpel ay) ainsug ‘g

‘spJemdn Buioe) pjam weas ayl YIm pajeisul ag pjnoys agn uelpel ayl ‘T :S3ILON

“(3) s1exoeiq Loddns
4 uoisuadsns ay) Ag pauoddns si 1 Bunnsua ‘(9) sbuldnos jo asn Ag (v) Jaqueyd

uonsSNQWIod JUaA pua ayl 01 (4) agn juelpes Jo yibug| e 199UU0) 9'E2

d
= *S10199)491
UM pPalan0d uayl SI Ydlym Uuonodas agny
ayl uoddns 01 pajeisul  ate (3) Ssi1eyoeIq
, poddns uoisuadsns ‘(g) bBn| uoisuadsns
SQQ Jaguwreys uonsnquiod ayl Joj 1deox3 g'e'Z
S
) O
\v/
d
—
NN\ ™
"By 10 1oddns 1ad peo| xew @QQ
e sanlb siyl ‘uede wg'z Ajrewixoidde S
paoeld are (3) suoddns jusnbasgns €2
)
(@) apfonquun sy 01 (D) Nulpaads 8yl 198UU0D
uay) pue ‘(g) Bn| uoisuadsns ayl Jo akse ayl ybnoiyl (D) Muipaads N
ay1 bBuneoo| Ag (v) Jaqueyds uonsngquiod 1UsA pus ayl puadsns g£¢€¢
*(W) Jaqueyd uonsnquiod Jauing JUaA q
pua ay) uo (g) Bn| uoisuadsns ay) 1e pauonisod si Loddns 1S4} BYL Z'€2
(g) Bn| pue 1811n] Jaqureyd o)
uonsnquwod ayl Jano (N) J01o8jial Jagwreyd uonRsNquiod ayl JO 1IN0 INd Yl 81ed0| T2 @@QO
S

“UOI198S 1UBA PUT JO UOITR|RISUl €7



‘05050711
- lops|ley Jsqureyd uonsnqwod ‘N (00T@ oe|d) 80TZTTO - Pudg .06 'H
(00T@) OTTZTTD - 481dnoD agnl "9 00T - 00T 8anL welpey "4 ((dNS-TOSOTTD
- J818wuad) gNS-00S0TTD - 48bueH uoisuadsns "3 'gNS-00£99/D - aponquiny "d
‘7259 - upaads 'O (6n7 uoisuadsns ‘g 'dNS-020TOTT - Jaquieyd uonsnquio)d 'y

‘Bz Jo 1oddns Jad peo| xew e sanIb
siyl ‘uwede wgz A@rewixoidde paosed ase (3) suoddns juanbasgns TT'€¢C

"uej 8yl SpJemo] JUSA pua ayl wody Aeme [ef 1ybiis e yum
10 [BlUOZIIOY BY] Ul p3jfelIsul SI aqn} Jueipel ayl ainsug ‘g
‘'spremdn Buioe] pjam
wess syl yum pajeisul aq pjnoys aqgnj jueipel syl 't ‘S31ON

'S10123|J3J YlIM Palan0d uayl sl yaiym
uonoas agny ayl uoddns 01 pajeisul ase

(3) s19v0rIq 1oddns uoisuadsns ‘(g) bBnj
uoisuadsns Jaqweyd uonsnquiod

aull-ul ay Joj 1dedx3 6°€C

\

"(3) s19xoeIq O d
uoddns uoisuadsns ayl Aq pauoddns si 1 Buunsua ‘(9)
sBuiidnod jo asn Aq (v) Jequeyd uoisnquiod JUsA pua
ayy 01 (4) agny Juelpel jo Yibus| e 108UU0D OT'E'C 4
- (@) apionquuny
Bumy () Moo 10 ays 0} (3) urpaads w:w
m = a 108UU0D uayl pue ‘(g
93] B WOJ} W Jo sduelsip Bn| uoisuadsns ay; Jo aka
wnuwixew e je Uwumuo_.w.n ayl ybnoiy (D) Muipaads
Isnw (3) woddns v 2T°€'2 ayl Buneoo; Ag (v) Jaqueyd
uonsnquwiod aul-ul ayy puadsns g€’z
H 9 ‘Bn| pue
J81IN) Jagweyd uonsnguiod aul-ul 8yl
lano (N) Jojogial Jaquieysd uonsnquiod
a aull-ul syl jJo 1IN0 N3 8yl 8ledo| L'E¢
N
L
Qoo°
3) 0 W
L
o

(uonoas aull-uj) agny 1ueIpeY JO UOole|[RISU|

32



"€-0€2/ - did |reL wnjy 0ST@ ‘W ‘92TZTTO - odid |reL »oe|g 0ST@ "1 :GT0ZTTO - JabueH adid |lel 0ST@ “M 2TTZTTD - Jesealdu] ¢
‘dNS-TY20TTO - Jadweq '| ((0ST@ WN|Y) #SSTOTT ‘(0STA %2eld) 60TZTTO (00T %2®|d) 80TZTTO - pued .06 ‘H (0STQ) 02T2TTO
(00T@) 0TTZTTO - 491dNoD 8gnl ‘D :gNS-00S0TTO - J8bueH uoisuadsns '3 :gNS-00£99/.D - dPONQUINL “A #2G9 - Julp8sds D

‘Buimelp 1noAe| ay) Jad
se ‘(9) sbundnoo pue (r) Jasealoul
agn e Jo asn Agq (7) uonoas

adid ey ayy 01 uonoas o) “(uey 8y} Spremo) w9 Alans ul WWsy)
aqn} juelpel ayl a |lel 1981109 8yl sey uondas adid |rel ayl ainsu3 310N
oauuoy gv'¢

9 35 ii3dNL MXOV1d ANV NO LNVTV3S ON
H "19]dN02 ay3 Jo apIs Yyoea uo jue[eas auoal|ls

JO peaq e ylm pajeas ag 1snw ATNO uoldss siyl
uo si9|dnod agni ||V (W) wniulwnpe

_ SI ue} wnnoea ayl ol Jolid adid N
‘Bumes [le1 Jo wgT [eul} ayl 810N
1o} ss82%e Jes|d Moje 01
C apIs auo 01 pauonisod aq 1snw
O Jang] sunsnlpe ayl -Buimelp N
1N0A®R| ay1 Ul pajedlpul Se paleao|
M ag 1snw (]) sledweq Zv¥'¢ 0
Al
L A
A
9 O d
H o)
d
d
J 0 0@\0 :
ovcvo SOREIEY
& mnoyim  8q |IIm yalym
@Q uonoas adid |re1 pue pjojiuew ay)
08 Buey o1 pajeisul are (O) syulpaads pue (Q)

saponquuny wody Bunys () siebuey adid el T'v'2

'adid |ie1 01 8N} JUBIpRY 4O UOHE|[RISU 1T



vd

cO

‘o19|dwoo
SI yduelq juelpel ay) [aun [4=
painbal alaym  s1ayoeIq
poddns / slo109j)al [euonippe
Bulreisur ‘sdusnbas SIyl anunuo) 9'G¢

"WWIGZZ JO wnwiuiw
e sI deyano Jopgjal 8yl eyl ainsug (gd) 19oeIq
10108)481 pAIy1 ayr owi pue (TO) Jo1oapyal ureld 1siiy 8y) I8A0
uayl ‘(z3) 1oeiq voddns uoisuadsns wWeansuMop puodas
ayr ybnoiyr (zo) Jorsyal ureld puodss syl 8plS §'SC

"(TO) J0108}431 ure|d 1su1) BY) JO PUS BY) WOJ}
WWOOT pajfeisul si (gd) 18xoeiq Jo108j)al paIYl 8yl G2

| $10399])9Y U JO UOITR|[eISU| G2

€d

14

'@NS-800T0Z1 - 19x9eIg Hoddns 101039y “d
'¥20G0T - 103099y Ureld "O 'dNS-00S0TTO - JabueH uolsuadsns "3 :@NS-020TOT] - JdquieyD UoNSNAWod v

‘WIWIGZZ 4O wnwiuiw
e sI delJano 10199|ja1 ayl 1eyl ainsug *(zd) 19xorIq 101038l
puodas ayl ojul pue (N) J0109}4al Jaguieyd uonsSNquod ayl
Japun uayr ‘(13) 19yoeIq Uoddns uoisuadsns weansumop
Isdy ayy ybnoiyy (TO) Joroayal ureld Isiy ayy aplS €'GC

‘(N) J0108|)21 Jaqureyd
uonsNgquiod ayl Jo pus JBaYlo ayl woly wwooT
(zd) 19x9rIq 10199}81 PUOIAS BY) [[RISU| 26’2

¢d

(V) Jaqureyd
uonsNQWod ay) Jo 19Ny syl puiysq (Td)
19y0rliqg J0308}jal 1S4l 8y} |elsu] 1°'G'2

<
™



dNS-600S0T1 - \A_QEwmw( 10]09|jay 19ul0) O

'@NS-800T0Z1 - 1949eIg Hoddns 10)08)9Y “d ¥20S0T - 10)93)9Y Ule|d "0 ‘dNS-00S0TTO - JebueH uoisuadsns '3 :@NS-020TOT - JAquieyd uonsnquiod v

" S10198139Y 12UI0D JO UOHE|RISU| 97

‘Aressadau aq ||Im dej1ano 8y} J0 9Sealdul SUolenliS 1aylo |[e ul ‘Uoys INd SI 10103|jal B alaym uonenis
Ajluo ayi siI sIy1 ;310N ‘yibus| piepuels e umop Bumnoa Aq pasn ag 0] paau |Im (TO) J0109))a4 ureld
JO UONYAS 1oYS ' ‘Jaguieyd uonsngquiod aull-ul ue Jo Jeal ayl Yim Apoalip s108uuod puag e §| £9°¢2

"dejlano 10193181 Yyoes Jo 8.1uad a1 1e (d) 1939eiq 1oddns Jo1oajial e uonisod Z'9°2

35

10 3

‘wwgzg ale sdej ano 10108j3a1 oMl 8yl Jeyl ainsu3g qu (zO) 10108381 8y} jo abueyy syl
uo paoe|d 1nu aindes e ojul smalos Buidde Jjas g ‘oN e Buisn paindas pue (gO) J0109jal puey Y| paqgel
ayl Jano (TO) J0109))a1 puey bl ayr buiddeiano Ag pajgwasse aqg 1SJi) 1ISNW UONIAS 18uUlod 8yl T'9°¢C



‘€¥0G0T1 - ded pu3 'S :920S0T T - INO N2 3PIS YIM 1010318y Y -dNS-800T0ZT - 18xorIg Hoddns 10103))8Yy "d #20S0T1 - 1010818y ureld 'O
‘dNS-T¥20TTO - Jadweq | :(05T@) 02T2ZTTO ‘(00TW) 0TTZTTO - 481dnoD agnl "9 :gNS-00S0TTI - J8bueH uoisuadsns '3 :gNS-00£99.20 - apfonguiny "a 42s9 - Yulpsads "D

S10109|J9Y 93] JO uole|[eISU| /2

‘(s) deo pua
10103))8J1 B yum pany aq 1SNIN
(O) J0109))21 ureld ay: ‘uonoas
931 ayl 01 Anua ay1 Iv €/°¢

"youe.q juelpel ul

10108381 ureld 1se| JO pus Woly
wwQT pue delano 10109|)0.
yoea Jo anuad ayl 1e (d) 19xoelq
uoddns l1o1osjal B uonsod 212

'S10109|J81
urejd om] ay) Jo SpuUa 8yl JBA0 1N0-IND
apIS YuMm 101o8|jal a8yl uonisod T°L°C

wuwgee

wwgee

‘wwgee
JO wnwiuiw e ale sdeano

10109|J2J 8y eyl ainsug ‘q'u

36



1L
o

‘dejlaA0 WWQQQT "8I PoIaA09
Aj@renbape ale siNo-INd 8yl eyl yons aq Isnw Joloajal Jsawiied puooss
3yl yum J0109|jal Jaqueyd uonsnquiod Jsreswnad eyl Jo depsno syl ‘snyl

jJuswisnipy pue sainixid [euld 8z

S@ww ‘£¥0S0T1 - ded pu3 'S ‘dNS-800T0ZT - 19%0elg Loddns Jojosey "d

< ‘92TZTTO - adid |rel 1331S PN 0STS 1

d
Y,
@%WW
d d
7
@%WW
"SwalsAs d
Ja1owiiad puey ybu Jo d

13| Iayle J10j pasn aq ued
1010921 BUO BY) eyl 0S Spus

yloqg 1e Bn| uoisuadsns pue 191N

Jaqueyd uolsnquwiod ayl Joy 1no-nd e

aAeY SJ0199}4al Jaguwreyd uonsngquiod Jayawnad

3yl 'slolospjal Jaqueyd uonsnquiod Jarawuad ay

J0 uondadxa ayl Yum ‘enoge se awes ayl si ainpasold
Alqwasse ayl pue papinoid ase salquiasse 19ydelq 10109|al
Ja1owad pue sioxoelq uoddns uoisuadsns Jslawiiad [eloads

N~
™

‘lem
ay1 wouy Aeme 1eay JueIpel au) 1984Ip 0) PAPUBIXS 9PIS BUO YIM 1N SI0103|}81 Buo)|
W'z plepuels are Asyl ‘Buipjing ay) Jo Ja1swiiad ay) 1e pajunow Si agny Juelpel
a1 Usym pasn ale s10]o9jjal Ja1awiiad (Umoys JoN) S10193|Jal J1s1aWiiad £'8°2

‘papinoid Smalds-18s  yIN
0M] a3yl Buisn ain2as pue 10103j4al 1Sk| ayl Japun (S) ded pus ay) uonisod z'z'8°'2

‘paew
suonisod ay) ybnouyl sajoy Jalowelp Wwg oMl |1ig "10193}4al 1Se| 8yl 0JU0 S3|0y
Buixiy omy ay Jo suonisod ay) yew arejdwsa) e se (S) deo pua ay) Buisn T°2'8°¢2

‘pany (S) deos pus ue aAey 1snw
10108}48J 1SE| Bl yduelq jueipel paldajal yoes Jo pus ayl 1y ‘sded puj z'8¢

‘dejiano a1 Jo a1juad ay) ul pauonisod 18y0eIq 1oddns 1010818l € SI alayl
Tey) pue WwWSZe JO wnwiuiw e aJe sdelsno 10103|jal || ainsug ‘[elauss) 1°8°¢



()
19]dno2 ®BIA UOIPBUUOD 18|UI Uk JBBLWEIP WWQST Sy} 0}
Pa108uu0d sI (A) Alqwasse dely syesuspuod 8yl S'T'6'C

() yunpsads e Aqyog N
aks ay1 01 psloduuod sI yoym (@) sponquuny e Buisn
paunoddns aq 1snw (A) Alquasse desy sjesuspuod ayl v'1°6°2

‘(W) adid |re1 ay1 pue (A) Alquiasse del) ajesuapuod
3yl Usamiaq pauleiuiew ag 1snw WwOST Ajdrewixoidde jo deb v

‘pua yoea 1e (N) sdijo asqnl Ag paindas
pue (A) Alqwasse deJ) ayesuapuod ww OGT ayl 01 (1) ol uoisued
-X3 Ue RIA paloauuod si () adid jrey winiuiwnfe waisAs ayl €162

‘(pediquy Aqg palddns 10N) "papuswiwiooal
ale sjaal dod Jsrowelp (Ul 9T/g) ww g€ -uonisod X200,0 8§ pue
¥ ‘2T 18 s19Au dod € yum Jo1o3uuod pue agnl ayl ybnoayr Bulup Ag
painoas sijulol 8yl "10np anjj Jaldwelp WWQOGT aYl Olul [euiwia) anj
ayl Jo pua pabems ayl Buuasul usyl pue spua agny Bundosuuod ayl
punoJe jueeas auodl|jis BuiAidde 1siiy Ag panl si (qZ) reulwlal anjy ayl

*J00J 3y yBnouy) sassed 19np ay) a1aym apeuw
SI ,218p, & se yons |eas jooidiayream arenbspe ue jey) ainsuj

"}I0AMIONP 38U JO apISINO 3y 01 Buiyes)
a1esuapuO0d PIOAE 0] Jue[eas auoal|is Buisn pajeas aqg 1snw Bunonp ||v

'sBumiy anjj 1SNeYXa [[e 199uUu0d 0] pasn ale (9) sio|dnod an|4
"ureJp 01 UOIIYBUUOI B Yum Bunonp isneyxa
3yl ur pany ag 1snw (M) 2091d 99) e ‘abieydsip [edMBA Ul T'T'6'C

abreyosip [e211JaA 10J 10Np ISNeyxa ue4 T'6'Z

Wa1SAS 1sneyx3 ue4 Jo uoie|eisu] '

ax

N
N\
ex
d
1
J
O
(gX) awel) aseq
A uo pajunow pue
(panddns j0u) spou
doip eIn ‘aimonis
M N jool 8yl wouy
papuadsns  ag ued
1 A uey ayl ‘AjpAneulaly
N
"aln1onas Buipjing
10 |lem 3y) 0} paxy si yoym (ex) wiope|
D) d
d Bununow ayr 01 pany og ued ue} 8yl
‘abreyasip [euozioy
ez wonoq e aaey 1snw pue Buimelp 1noAe| ayl ul UMOYS
Sse paedo] ag 1snw (A) ue} wnndeA ayl 2 T67¢
O
gNS-08STOT - [eUIWISL 8N 'GZ ‘0S0T6LY -
1 (syibus| w) adid 8N4 OSTE "eZ ‘6°9]qe) I8jal - Ued "A
‘awel{ aseg ueH Amu_mc._wu_g gX ‘090€0T1 - wlojle|d
Bununo [rem ued "ex ‘yZ0TOzZIN - 0STP d93ld 931 M
‘dNS-/2STOT1 - Alquassy del| aresuspuod A ‘zvS. -
0ST@ diiD @8jigne "N :g€S/ - ulor uoisuedx3 “1 '€-0€2.
- adid |rel wnly 0ST@ ‘W ‘(0ST@) 02TZTTO - J91dnoD
agnL 'O 'dNS-00S0TTO - JobueH uoisuadsns '3
‘dNS-00€99/0 - dpPNQUINL A ‘¥2S9 - Aupsads ‘D
qz



gNS-08GTOTT - [eUIWIBL 8N[H "qZ :0S0T6.Y - (Sybus| wT) adid an|4 05T "eZ :6°8|qel
19Jal - ueqd 'A wwEm._n_ oseg ueH Amumchu_mv )¢ ”ooomo._un_ - wiojie|d m:_ucso_\/_ e\ ue4 ex
‘dNS-22STOTT - Alquassy deil eresuspuod ‘A ‘g¥S. - 0ST@ diD @9jgnc ‘N ZESL
- Jior uoisuedx3 “| ‘g-0gg/. - 8did |rel wnly 0ST@ ‘W (0ST@) 02TZTTO - J81dnod egnl 'O
‘dNS-00S0TTO - J8bueH uoisuadsns 3 :gNS-00£99/D - apfonquuny “A -#2S9 - Julpaads 'O

"(9) 19]dn0d BIA UON2BUUOD 19Ul Ue) JS)aWelp WWQOST
ayl 01 paauuod si (A) Alqwuasse den aresuspuod ayl

‘(D) yuipaads e Aqg 1j0q aka
ay] 01 pajoauuod si yaiym (@) sponquany e Buisn pauoddns

aq 1snw (A) Alqwasse dely aresuspuod ayl N
"(N) adid |rey ays pue (A) Alquiasse N ax
delsy aresuspuod 8yl usaMIBg paulelurew
ag 1shw wwQgT Aprewixoidde jo deb v
"pua yoea 1e (N) sdijo asjgnl A\
Aq painoas pue (A) Alquasse den aresuspuod
wuw 0GT ay1 01 (1) ol uoisuedxa ue eIA paloau N
-u09 si () adid |re1 wniuiwne waisAs ayl £26'2 ex
1 d
‘(peyiguy Ag panddns 10N) "papuswiwodal
ale sjanl dod usrowelp (ur 9T/E) ww g€ ‘uomsod "(gx) awely aseq uo
320[2,0 8 pue ¢ ‘T 1e s1aAu dod £ yum J10108UU0D 0) pajunow pue (payddns g,
pue agn ay ybnoiy Buljup Agq painaas siuiol ayl O 10u) spols doip eIA®
"10Np anjj Jalawelp WWQST dYyl OlUl [eulwial anj 3 ‘alnionis  JooJd ay) wouy
ay] Jo pua pabems ay) Buniasul uayl pue spua e 9 e7 papuadsns aq ued uej
agnm Bunosuuod ayl punose jueeas auodl|Is ayl ‘AjaAireusaly ainjonils
Buifdde 1s1y Ag pany s (qZ) reulwual anjy ayl Buipjing 10 [[em a8yl 01 paxiy
SI yaiym (ex) wuone|d Bununow
‘Irem Buipjing syl 01 pany °8q ued ue} ayl
BU) pue 19Np anj} 1sneyxa ayl usamiag pani qz N A
ag 1snw (peyiquy Aq palddns jou - B) anad|s 1 ‘abJeyosip reluozuoy wonog e aney
3|gNSNQWI02-UouU Y/ "I0OMIONP 3yl JO 9pISINO 1snw pue Buimelp 1noAe| sy ul UMoys
a3yl o1 Bupfes| aresuspuod ploAe O] Jueess n Se paredo| aq 1snw (A) ue} wnndeA ayl 2'2'6°¢

auoaljis Buisn pajeas aqg 1snw Bunonp anji vV
‘sBunyiy 1oNp 1Sneyxa |[e 199uuod
0] pasn ale (9) sig|dnod anj4 "uel ay) owl
)oeq Buluuni 81eSUSPUOD PIOAR 0] UB) BY) WO}
Aeme spremumop auljaul isnw (ez) 1onp any 1sneyxa ayl 1262

abJeyosip [e1uozIIoy 10} 19Np 1SNeYXd Ued Z'6'C

"JU0D WIISAS 1Sneyx3 ued Jo uole|elisuy|



‘6'3|qe) J9jal - Ued " A 'dNS-SFOES0TT - M JUNON uoneIgqIA-NUY G-TX
‘alWreld aseg ued (a1ewia)e) "X ‘090£0TT - Wiope|d Bununol fep ued ex

"awel) aseq
yIm pasn jou Gx

(0)'¢ ‘uonisod
X Ul 2In2as pue pasn ale
sbupunow uoneiqIA-Ue  3INsu]

ex

"(gx) awrel} ayy uo uonisod ojul
ue} ayl Jo |001s Bupnunow ayl ared0T

eX

"(gx) awel} aseq uo pajunow pue GX
ZX (paiddns 10u) doup ®BIA ‘2IN10NAS JOOJ B WOoJJ
papuadsns ag ued ue] ay ‘AjoAneulsly 2'€6'2

X X
A X

"(6X - TX) sued Jo 1 e se palddns aJe sbununow uoneIgIA-RuYy

‘uonisod Ul 81N23s pue pasn ale sBununow uoieigiA-nue
ainsug ‘(ex) wlopeid syl uo uonisod olul uel 8yl JOo |001S Bununow Byl 81ed07 ex

‘wJojre|d ay) Jo sBa| [eaniaA ay) uo pajjup aid are ssjoy Bununoly ‘aimonis
Buiping o rem ay1 01 paxii s yaiym (X) wiopeid Bununow e 01 panl ag PiNoYs uel ayl ZX

"abreyosip [eluoziioy
wionoq e aAey 1snw pue Buimelp 1NoAe| syl Ul UMOYS Se paledo] aq 1snw (A) Ue) WNNoeA 8yl T'€'6°2 X

Bununop ued €62

“JU02 WalsAS 1sneyx3 ue Jo UoIe|eISul

40



Aq paisnlpe si

A\

EN
A

‘"MaIdS

gniB yum Buppool uayy (SA) 8lpuey Bunelol
‘Buluoissiwwod  Buunp
wd1sAs ayl Jo wnnoeA ayl [0.juo0d 0] Jadweg

‘Buizaaly plone

0] wnwiulw e 01 1day ag pinoys xiomadid reussixe Auy

a|pueH Jadweq ‘SA ‘aqnl ureld ‘yA ‘SABA UINIBI-UON "SA ‘80N ureid "ZA 10193uuod aqnl - TA ‘dNS-2/2STOTT - Alqwassy dell ayesuspuod ‘A

‘unJ
adid jo anaw Jad wwg Ajprewixoidde 1o [eluoziioy ayl 01 ,G'Z 1S9 1k Jo
[lel e aney pinoys xlomadid abeurelp Hunodoauuod |y

‘pauioddns Ajgrenbape si agn) urelp ayl eyl ainsu3
174\
0,06 10 ainfesadwa) wnwixew e 03 dn
uonelado o} ajgeNns pue aresusapuod seb anj jo
uonoe ay) 1sutebe uelsisal ag 1snw agny urelp ayL

'9689 Sg 89S "sulelp 81esuUspuOI
10] pasn aq 10u |reys Aojje paseq Jaddoo Jo Jaddo)

'(0-OAd) apuojyd [AuAinfjod
paxull-sso.2 10 (dd) auaoidAjod susjAdoidAjod

h% GA ‘(sgvy) auaifis-auaipeing-ajuojhioue
® ‘(N-OAd) apuolyd  [Auinhjod  pazionse|dun
M A ‘(DAd) apuojya [Auinfjod 6 ‘reusrew adid
@ urelp pJepueis e ul uni aq pjnoys (paiddns

10U - yA) adid abeurelp ayesuspuod ay |

‘Alqwiasse del ajesuspuod ayl mojaq ‘suey
adAy g Joj LwwQzg 10 sue) adAhy
Hg J0J ,WWQ/9 JO 92UBISIp [edILIBA

‘palels Ja1swelp e Jo ag pinoys yiomadid reussiul Auy

'sj01ju09 Buip|ing [eo0) 01 198lgns aq ybiw urelp e o1 adid
91BSUBPUOI B JO UOO3UUO0I 3yl 1Byl paljou ag pinoys j

‘Aemyeos apew-asodind e 10 WaisAs Jajemurel
ay) ol pabueydsip aq ued ajesuapuod ayl ‘AjlpAireulaly
‘adid a1sem e 10 Xo®IS JUBA pue [I0S B 0] Ajeulaiul
a1euIwIa) pue uni pjnoys adid ayesuapuod ayl Alqelaaid

15044 1surefe 109101d 01 pare|nsul si
adid ay) reyl papuswiwodal si 1l ‘Areusarxs uni e sey adid abeurelp ayl J

"JU0D WIISAS 1Sneyx3 ued Jo uole|elisuy|

e je pue uomsod TVINOZIHOH
a8yl ur ‘den 8y wol AVMY
Bunuiod moure uonealpulr Moy}
a3y yum pany si (payddns - gA)
9A[BA ulnjaJ-uou 8yl eyl ainsu3g

"(zN) spuag eI (en)
AAleA uIn}al-uou ayl 01 pue (TA)

uoI23ULU0d 3yl 0] panll si Ajqwasse agn) uredp (WW 8€) Ul 2T e Jeyl ainsug

*18]dN09 ® eIA UOIIOBUU0I 18Ul

uej Jalawelp WWOGT 8yl 01 pajoauuod si (A) Alqwasse den aresuspuod ayl

Alqwassy deil sresuspuod #'6°¢

41



gNS-08STOTT - [eUILIBL BN|H "dZ ‘0S0T6.LY - (Syibus| wT) adid 8nj4 0STA "eZ 6'8(qe) J8ydl - Ued *A :090€0TT - wiope|d Bununow ued "X #20TOZN
- 0ST@ 82%ald @31 "M -dNS-22GTOTT - Alqwiassy del] aresuspuo) ‘A :2vS/ - 05T@ diiD 98)igne "N :g€G/ - WIor uoisuedx3 "1 :€-0£2/ - adid |rel wny 0STG ‘N
‘19ZTZTTO - adid |rel Yoe|g 0STY 1 ‘GTOZTITO - JebueH adid |rel 0ST@ "M LTTZTTO - Jaseaiul ' ‘gNS-TFZ0TTO - Jadweq | (0STQP wnly) #SSTOT
‘(0ST@ oelq) 60TZTTO ‘(00T@ Yorld) 80TZTTID - pudd 06 ‘H :(0GTY) 02TZTTO (00T@) OTTZTTID - Joidnod agnl 'S 00T - 00TY agnl ueipey ‘o
:dNS-00S0TTO - JabueH uoisuadsns '3 :gNS-00£99.D - apfonquinl A $2G9 - Mulpaads O :Bn7 uoisuadsns g :gNS-020TOTT - Jaqueyd uonsnquiod v

9
=
v H
9 a 5
3 d
=
3 0 0 a 3
a @Q\ 3
9 QQ%
< 0]
9 oL 9
a /vvzvaO a v
9 o) @@
U QQ%W
° 9
| /vvov
d
5 f n “,
H %>
n d
A A
A X
1 N
a N N a t o
0] 9 9 0]
H (@] A
9
4, T @ ° 47
v n
0] a 1
qz n
@]
0

Wwa1sAs ealdAl Jo umopyealg ||N4 0T'C

42



GZyS - 1eyse Wwg "4V [T-621S - Uld 189S Ww9 "IV :S6T00C - PISIYS JesaH Jsuing "dV :2£020T7 - 19%seD Jauing 'OV Jauing 7| "gVv -1auing JUsA pu3 'vv

o)

av

lauing aull-uj ’ 1V
/ av
av

slauing auljul pue JuaA
pua Jaylo |e o} 1eaday 9°TT'Z

‘papinoid (4v) siaysem pue (3vy) s110q 9N 4noy ayr Buisn 1a11n1 ay)
01 (QV) 1seb pue (Qv) plaiys 1eay ayl ybnoliyl Jauing ayl aindss G'IT'C

121N pue 1ayseb Jo sajoy Buixiy INoj |8 yum aul| ul Jauing arenbs
‘18N pue (Qv) 18yseb ‘(av) pidlys 1eay ybnosyr Jsuing yoes 14 #'TT°C

194N} pue 18yseb Jo sojoy Buixiy
Inoy [re yum sull ul (Qv) 18xseb Jo dor uo (av) plalys 1esy uonisod €112

SIauing auiT Uj pue JUSA pu3 JO UoIR|RISU| TT°Z

"sajoy Buixiy Inoy e yum
aul ul ‘(v) 124N Jaqueyd uonsnquod uo (D) 19xseb uonisod Z'T1T'2

‘nun
a1 Jo Jeal ayl 1e Bupjoo| usaym Jaulod puey ybul WONOQg ay) Ul pareIn)
SJ10108uu09 adid re om) sey pue apisul panl Yyoums ainssaid e sey Jauing
UBA pua ayl ‘Jeajoun |ns sl sadAl om1 ayl usamIag SdUdIBYIP AUl J|

‘Buimelp 1noAe| alis 8yl Uo pajedlpul Se paledo| ag 1SNIN
Jauing 1081109 8yl (gy) Jauing aulul sajouap 71, ‘(YY) Jauing jusA
pua sajousap ,A3, ‘IndulJeay pajel s YUM paxrew si Jauing yoe3 T'TTC

A

oV
av

Vv

lauing 1usA pu3g

4V
aVv

43



Z # Bumid uoissaidwoD g 1T # Bumy uoissaidwo) ‘T ySOY0TT - 2 9ANL AV "MV ‘€G070T1 - T 2ANL AV [V {L¥S - Uld 19S 8N "HY BINPOI JUSA pug OV 'lauing JUSA pu3 Vv

AV

Vv

I

‘Aj@1noas paualybn ase sbumiy ainsug

"(YV) Jauing JusA pua ay} Jo Jeal ay) e pauonisod ‘.z, pajiage|
Bumip uoissaidwods ayr o1 (My) @29a1d Apung padeys ,7, ayl yosene q

T, P3jieqe|
Bumyy uoissaidwod ayr 01 (ry) 92aid Apung padeys N, ayl yoene e

JJaqureyd

uonsnqwiod ay) Jo pus ayy uo uomisod ul (OV) AT aY YIM tv'2T°2
‘(Hy) uid 18s gIN @Y1 Buisn ainoas

‘are|d 99110

ay1 1surebe Ajaaisod snung pus agni Jaqueyd uonsNquod ainsug £21°¢

"SINPOIN JUSA PUT JO UOITR|[RISU ZT°Z

"agn] Jaquieyd
uonsNQWIod JUsA pud 8yl Jano Buluuids uoddns AT 8yl aplS 2212

‘INAT 8y1 Jo 1ulod Anus Jre ay) uo paredo|
sI Buiuuids poddns INAT 8yl apisul payoene are|d 22110 10 92110 UY

"Jauing UaA pus ayl uns o) areld
901110 JUSA pu8 103103 8} Yyum pany 8q isnw anpow JjusA pus yoez

‘uonisod Jauing
JUSA pua yoeas 1e pauonisod si (9Y) JNAT, 10 SINPOW 1UBA pud UY T2T'C

HY

ov

Vv

44



2-SL0.L - Mmoq[3 .06 AV :0S€S - INN SN "NV ‘69€S - Uld 189S SN "1V -Jaudlsed NAT 'SV :8le[d Jauu] NAT "dV
‘ale|d 18IN0 AT OV ‘dNS-2¢2Ti0T1 - Joidepy iy pajond IWAT “dV ‘M313s 189S 0EXSIN "NV ‘€T0Z0T - J9i4 "INV 'STT¥OTT - Joydepy Jly pajong Jauing v

"UOIEIUBLIO [eNPIAIPUI MOJ[e 0} PaNl g Ued (AY) MOGId ,06 euondo «

(SV) smaios Buisn xiye
pue (Yv) erejd Jauul INAT 8y} oo ayejd pajquiasse uonsoday €Z°ET'Z

‘papinoid (NY) SINN pue siaysem (1Y) SMaIds 18S GIA 1noy
Buisn ainoas pue are|d 19|ul 1surebe Joidepe Jre palonp UonISOd Z2'Z2'€T'2

"aAOWaI pue
(OV) a1eld 1IN0 NAT Byl Buundas (SY) SIaualse)] ayl MaIISUNT Z'ET' 2

‘NAT a1 anowiay "uede uayel ag 01 sey INAT a1 ‘SIYl aAalyde o
‘INAT 8y} Jo uomisod 18jul ure ayy 0 panly si (dy) Joidepe Jre pajonp ayL

a|npow 1uaA pus 0] Joidepe Ure pa1onp Bumi4 Z'€T°2

dVv 1V

nv

» NV

ov
av SY

sloidepy l1yy pa1onQ Jo uole|eisu| £€1°2

ay} Jo uonisod Jajur Jre By} JaA0 pany si (Tv) Joydepe ire pajonp Byl

NY

p1I7 41 paldong

N

"'SMaJJs awes ay)
el (v) pi| Buisnoy ayy apisut aoe(d
ul urewsal [Im (AY) 4811y Jre Arewud ay

Alqwasse Jauing 01 Joidepe ire palonp Bumi4 T'€T'2

NV

"(NV) SMa12s-18S QEXGIN om1 Buisn pij Buisnoy Jauing

v

Ln
<



uld 18S G2 X 8IN "HE '02090T1 - PIBIYS bupjuelg 'og
'GYPS - Joysem 8N 49 ‘TS - INN 8N "39 6¥70TTO - aleld dwe|d ag '6¥S0TTO - 9bpug dweld '0g '8vS0TTO - )od .N. 'ad 'SSSOTTO - prenbjreg Wyi'g 've

49 39

‘anoge
se psenb jjeq ayr Buixy o3
ag Hd Joud (49) siaysem pue (39)
sinu g ‘(Hg) suld GZxgn od
Buisn Jay1abol uaiseq ‘prenb
od ay1 Jo apisispun ayl uo (ag)
sore|d Bulurelas omy ubiy
‘PaUIOU0D BAIE BY) ISA0D
o1 (va) psenb jreq ayy apisu (9g) 39 ag
dd areld Bupjuelg ayr 8deld T'ZVIC 19

"SIU HqIyoad YydIym ‘Suondss wwooy
ul spJenbjieq yum asn 10} sjgejrere  ale ag
saje|d Bupjue|g "agni pareipes ayl Buofe
sjuiod urenad wouy papwa Apoalip Buiag
1eay juanald 01 Alessadsu aq Aew 1|

veg "J9auIbua
uollej|jel1su]

600&2 ayl1 Aq peauauoys
splailys Bupjue|g gv1g W ag ued prenbjreq Buoj
' ’ W'z plepuels e Alessajsou |
19)0elq Hoddns uoisuadsns ay) yum

aoepalul ayl e (yg) uonoss purenbjeq

ay) Jo abpa ay1 N2 01 Aressadau si ) £ TVTC

<
/VVOO\( "(4g) siaysem pue (3g) sinu g\ Buisn paindas
Y7 pue uomsod Aquissse 10g N, 4oes 18 (va) prenbjieq oy
J0 apIsiapun ay) uo pauonisod si (ag) areld Buiurelal v 2 T¥T°¢C

"pPaNl} UBYM [eluoziioy sal| ajnpow pJenbjreq

ay) eyl ainsus 0} altenbs Aj109)48d pauonisod aq pjnoys saljquasse 1104 .N, ay.L

‘wwoOTT Alerewixoidde si 30 N, 8Yl Usamiaqg adueisIp ayl eyl ainsug

(39) sinu g\ yum Buisn aindas pue (Dg)

abpuq dwed ay1 ybnouy: ‘aqny ueipel ayl punote (g9g) syog N, ayl uonisod ‘quaA pua walsAs yoes 1e buels T'Tv1'2

Ale|o 1o} paAowal s10109(18y "qu uonejeisul T¥1°¢

‘Jouew awes
3Y1 Ul pajreisul ase spienbjieq Jslswad ‘wWaisAs ayl Buoje wapuel ul pany are suondas psenbjieq syl ‘agni jueipes ayl
JO dpisiapun ayl wod} pauoddns are yoiym sajnpow Buo| Wiy g prepuels Jo SISISU0d WalsAs prenbjeq oeA-Aey-10N ayL

" wesAs prens |feq jo uone|eIsU| 4Tz

46



£0090T1 - SINN awoq 8N "INg :GT090T1 - 8|juD arelobb3 g
‘¥0090T1 - awel4 uoddns "Mg :gNS-00090T1 - AlqWassy 3|9 JeNPOIA 0] ‘SF1G - J18usep 8N 49 TvyS - INN 8W "39 ‘6¥S0TTO - abpug dwe|d "0g :8¥S0TTO - 1od .N. "9d

T'GT'Z ul paieis se ainpadsoid ay) Buisn uareay ayl 01 394
pany 8g mou ued A|gquasse Jenpow pausloys 8yl GZ'STC
‘suonisod Buixiy sawel) yoddns mau ayi 1INs
0] aqn} 8y} ojuo pauonisod ale s)oq N, dYi eyl aInsul ¥'2'ST'C
‘awrel) yoddns od
ayl ol uonmsod pue ybus| pasnbais ayy o1 (1g) 9ub IND £2GTC
‘s1aAl dod wwig Buisn swel) 81n2as
pue suoddns apis ay1 ybnoiyr ssjoy Jardwelp Wws Jo S18s g ||1ia
‘'suoddns apis ay) 0juo sanuad ajoy Buixyy ayy yrew pue uoddns
pus 8yl uomisoday sung wol a9
991} pue aJsenbs ale spus N2 ayl
1ey) Buunsua ‘yibus| pasinbal syl Ng
0} woddns apis 8y} IND 2'2'ST'2 =kS
‘(3g) awel) uoddns a)|Ub
Buo| wyz prepuels ayl woldl uoddns

pus 8uo 108UU0dSIp Ajnjased T°Z'ST'C cd ued Alquasse
o b Jrenpow
‘sal|lquiasse 6@0& Buo| wyy g plepuels v

a||ub Jrejnpow paualoys g'STZ
CIREN
'SUOI199S 10193|}84 18UI0D S| 8|npow 8yl eyl %o8yd 'syoq .N,
alepowlwodde 0] OS[e pue 1noAe| ay1 Jo spus papeaiyl ay) 01 (49) siaysem
wa1sAs ayl uns 0] pauauoys aq pue (Ag) sinu peay awop 8N 8y U4 €'T'ST'Z
\(\of ‘sa|joy Buixyy Jo S18s 881yl

cvovo ay1 ybnouyy s1j0q N, @8Iyl dY1 JO Spus papealyl ay)

ssed pue (rg) Alqwasse g[ub Jeinpow ay) asiey £1°GT'2

"(3g) awel) uoddns a)j1ub

Buo| 1z prepuels ay ol (1g) sadald 3jjub syesobbs g 14 Z'T'ST'C

"Panl UBYM [eIuOZHOY

sol| Alquasse 9|ub Jrenpow ayl eyl ainsus 01 aJsenbs Aposjiad pauonisod

8Q p|noys saljquiasse 1joq N, 8YL "WWOTZT S! S)0g N, UddMIag aduelsip ayl Teyl ainsug

‘'speaiy) ays Jo

spua ay1 woJ} wwoT Aerewixoidde (3g) sinuxo0| A Yyum Buisn ainodss pue (Og) abpuqg dwejd ayl
ybnouyr ‘aqn welpel syl punose (gg) siog N, ayl uonisod ‘JUsaA pus walsAs yoes 1e Buels T°'T'ST'2

Are|d 10} panowal si0}939Y "qu saljquasse a||14B rejnpow Buo| wip'g prepuels T'ST'2

"WwIvlSAs ayl Buoje wapuel ul panl} ale Sal|quIasSe Jeinpow ay] "agni jueipel ayl Jo apisiapun ayl wolj pauoddns
ale yaiym salquiasse a|ub Jenpow Buo| Wiy'Z pJepuels Jo SISISUOD WalSAS 9||lub aARIodap A, aulwlS ayl

" Wa3sAS 119 aAITRI0987 N, BUIWIIS JO UONE|[RISU| ST'Z

a7



02090T71 - WWOoOY PIdIYS Bunjuelg Yy "dd
‘T-02090T7 - WWOSZT PIBIYS Bupjuelg ‘N9 ‘GivS - 1aysem 8N '49 ‘Ty¥S - INN 8N "39 '6770TTO - akeld dwe|d 'aq ‘6¥S0TTO - 3bpug dwed "0g ‘8¥S0TTO - 049 .N. 'dd

39
dd

od
EiS

4d

dad
dd

"(49) siaysem pue (39)

Nd sinu g\l Buisn painaas
pue uonisod Ajqwasse 1j0q

N, yoes 1e (Ng) areyd Bunjue|q

000\( 3yl Jo apisiepun 8yl uo pauonisod
o st (gg) ewed buwumedl v ZTITC

"pany uaym
[eluoziioy sal| are|d Bupjue|q ay) eyl ainsus o} alenbs
Anosjiad pauonisod ag pnoys salqwiasse 1j0q N, 9yl

"are|d Bupjuelq 00t ayi Joj wwpQz 1o areld bunjuelq
0GZT 3yl Joj wwooOT Al@rewixoidde si syj0q N, dY1 Usamiaq adueisip ayl 1ey) ainsug

'(39) sinu g\ yum Buisn ainaas pue (Dg) abplg dwejd ay) ybnolayl ‘agny uelpel
ay} punose (g4) s)oq .N, dY} UONISOd "Paue|q 37 0} Base agn} Juelpel 81ed0T T'T'9T'C

Aueo 1o} panowal sio1o9)ay "qu uonejelsu] T'9T°¢

"SIy1 1giyold yorym
‘SUONJ9S WWQQOY 10 WWQGZT Jayua ul ajgejrene are saled Bupjuelg "aqn pajeipel

ay) Buoje swiod urenad woly paniwa Apoalip Buiaq 1eay juanaid 01 Aressadau aq Aew )|

splalys Bupjue|g jo uole|eisul 9T'Z

48



TOGS - U207 ZTIN “L9 ‘T-TOGS - Uld 189S 05 X ZTIN 'S4 ‘0SET - WWOorye PldIysiapun "dg ‘zeg9 - sbury ussuny wwoot 04

‘Bull uasunw puodas 1o} Jeaday INUXD0|
Buluaybn Agq Ajlqwasse aindas -‘uaybn pue ssog ayl o1 suid 18s ay)
912207 'sbull uasunw ay1 o1 dn J0193)}ap p|aIysIapuUN 8yl JBPO S T'LT'C

‘uid 18s puodas ay} Joj readay (19)
1INUX20| ZTIA @Yl yoene A|@so0| pue pjaiysiapun ayl uo 10js ayl ybnoiyl
pue (Ng) Jaysem ZT e ybnoiy (sg) uid 18s TN Ue ssed ¥'T°LT'C

‘Bul uasunw puo9as ay) 1oj ainpasolid anoge ay) leaday
‘uede wwogg xoidde
st sBuy uasunw a8y} Nnd sq

usamiagq ouelsIp 8yl
ley) ainsug £T/T¢

1d
dd

Alre|o 10} paAowal s10193)19Y "qu

o4

‘uaybn
pue smalas ay] aoe|day
‘spiemumop  Buioey
SS0g 8yl yum Jlew
1si ayr Je aqm juelpel
8yl oo Jayioo ayl

usyr ‘jrey suo JBlo Z'T'LTC

<l 1941960}
ovo& sued omy ay1 B
o yr Bulurelal smalos yioq anowsal
Janpmaldos peay ley e bBuisn psjquasse
painddns ate (Og) sbuu ussunw 8yl T T.LTZ

"juiod puodas ay yrew 0] (palinbal jI ainseaw

ade] e 10) pjaiysiapun ayl asn ‘agny jueipes syl Uo J10103}48p ayl
Jo iod 1511 8yl e ‘uede sBull ussunw ay) uonisod 01 pasn ale S)10|S
9say] "10108J}8p 8y} J0 puad yoea Je yibus| Ul WwGz ‘s10|s OM1 Sey plalysiapun yoeg

uole|ei1su| T°.1°¢

"aqn) JueIpe) 3y} JO UONIBNUOD pue uoisuedxa ay) Yim

aAOW 0] J0123|}ap plalysiapun ayl moje |m palddns (Og) sBul ussunw pazisiano ayL

'sasodind aouees|d o) 10109|jap 1eay e se Ajaind pasn bBuiaq

Jiuiod Aue 1e pauonisod aq ued siyl ybnoyle ‘(Jauing ayl 1saseau) Haj Buriy ayl Jo Jrey
1s413 8yl 1e Ajlensn ‘agni ueipel ayl yreauaq pauonisod si (4g) 10108)48Q playsispun uy

$10199|Jo@ P|o1ysiapun Jo uole|eIsu| LT°Z

49



‘ued "A {dNS-SY0E0TT - UM JUNOW UONRIGIA-NUY 1-TX
'GZS ® 9TYG - SIBYSeM pue sljog 9T X 9N ‘D ‘dNS-GZ0E0TT - Alquassy
aseq 0D !STTTOZ - Alquassy [aued apIS gD LTTTOZ - Alqwassy pi 'vD

"(FX - TX) sued jo 1 e se palddns ase sbununow uoneIgIA-IUY

‘paiiddns siaysem pue sinu Buisn aindas pue
pasn are sbununow uoneiqin-nue ainsu3g (D)) Algwasse aseq uo
pajeo0| |00]S UB] UO UONRIUSLIO 1031109 Ul uonisod pue (A) Algwasse

uej 81e207 £T'8T°C

0)0)

X

eX

¢X

X

2INS0|oU3 211SN0JY JO Uole|[elIsSuU| 8T'2

1S)0)

as

VO

N

0)0)

(g2) 1aued
apls  anoway

‘pareaipul
se apis pue
abpa  wonoq
ayl Bbuoje

(D) siaysem
pue sjog 9N
1O €T anoway 2’1812

(vD) Alqwiasse

pI| Melpylim pue paredipul se abpe

(v2) p1 ayr Buofe (D) sisysem pue s)jog 9N }JO GT dA0WSY T'T'8T'C

"an|} pue Jojow ue} ay) ajquiasse 01 paJinbal ag ||im

Buipuewsip sawos 0s pajquasse-aid PaJsAlldp SI 8INSO[OUd J1ISnoJe ay |

Alqwasse-sia T'8T'2

"pa1ed0| Ajreulalxa aq ued snyl pue Jjooidisyream si 8iNSOjoUd dNsnooe

9yl ‘agnd e wioj 0] pajquasse sjaued Buonpal asiou JO PaloNJISU0?
S11] "9Nss| Ue S| 8slou pue eate BupIom 3yl apisul pajunow si 1l alaym uey
wnnoe/ 8yl WoJj 3SIou 3yl S89Npal aINsojoua 211SN0JY deA-Aey-I0N 8yl

50



(payddns jou) - siNN N4 ZTIN 9D ‘(paiddns

lou) - s1aysem ZTIN ‘4O ‘(palddns jou) - pealyl ||V ININZT 3D ‘GZ¥S ® 9T+S - SIaUSeM pue s)og 9T X 9N
aNS-TOTE0T] :Med 90 "dD 'dNS-SL0E0TT - Alquiassy aseg "00 'STTTOZ - Alquassy [aued apIS 'gD !LTTT0Z - Alquassy pil 'vO

(ue4 Buipn|oxa) s6X0°Gz IUBIBM
40
wwQ/29%x09/x9¢. (pmy) :swig

30

"SIaysem pue sinu ‘syjoq ZTIA
Buisn wiope(d a|gelNns 01 paindas aq
ued awell aseq ayl ‘AjpAneula)y Z'€'8T'2

‘awiel) aseq ayl Jo ajoy yoea ojuo (paliddns jou) spoi-dolp ia1owelp
wuwygT Buisn dlomjaals Buipjing wol} apew ag ued uoisuadsns T°'€8T°¢C

9INS0|2Ud 211SN0OJ®B 10} SUOIONIISUI UoISUadsns €812

1U0D 21NS0|JUS 211SN0JY 10 UOIR|[RISU|

0)0

a0

51

dd

VO

"pareoipul se abipa pi| ays
Buore (@D) sisysem pue s)og 9N O ST Wy (VD) P!l 9deday T°2'8T'2

‘paredlpul sk aplis pue abpa wonoq ayi buofe
(@D) siaysem pue s)joq 9| 140 €T Way *(gD) |sued apis sdejday T°2'8T'2

a|quiasse-ay Z'8T'C



dNS-09€.TSY - J180Ud|IS aNn|4 "HO :Z¥S. - 05T diID 8sjignC N
'Z€S/ - wior uoisuedx3 *1 ((0STY) 0ZTZTTO - 48|dnod agny 'O

sjiol ayy e
ul juejeas auoal|IS

e

\

HO

'X0Q 122ua|Is
an) ay Jo ybus ay bHuore pauonisod
ale swiod Bunaxoelg uoddns Z'E€6T'C

(9) 1e1dnoa agn e eIA anj) Bulurewsals ayl

0] Pa122UuU0d S| I92Ud|IS BN} aYl JO apIS Iaylo
ayl ‘(9) 191dnod jo sueaw Aq anj} ayr 01 (HD)
122us|IS anj} 8y} JO dpPIS BUO BY) 108UU0D T'E'6T'C

‘uo1RINBIUOD [eDIIBA £6T'C

e :
192U83|IS an|4 ay) Jo uole|eIsu| 6T

HO

s6x0°9 ybram

1 ‘Irey

wiwQg s1exorIq

N ‘Buo] opT x s1001ds 0GT2

WWOOE X 0S¥ X 00€ (Pmy)
'swig

'X0( 199U3|IS anj} ay)
Jo yibua| ayy Buoje pauonisod ale swlod Bunaxoelq poddns 2'2'6T'°2

(9) Ja|dnoo agn) e BIA anjj 8yl 0] PaldBuUU0d
S| J@ouajis any ayl jo apis Jaylo ayl () dio a9jignl e jo sueaw Aq (1)
wiol uoisuedxa ay1 01 (HD) 192Ud|IS BN} BY1 JO BPIS BUO 198UU0D T'2'6T'2

‘uo11eINBIJUOD [RIUOZIIOH 2612

°njj syl
JO SUOI1D9S [B2ILIBA IO [RIUOZIIOY 3] Ul panil ag ued (HD) 1eous|is anjl ayL

‘paljddns s10108UU02
Jalawelp wwogT prepuels Buisinn ‘anyy abeydsip uey ayl ol pany aq
ued pue ‘pua Jayle 1e sjofids Jalawelp WWOST Sey xog 1adus|is anjy syl

Alquiassy T'6T°2

"8INSO[OUS UR Ul Pa|qLuIasse sajyeq
Buionpal 8slou JO PaloNJISU0d Sl )| ‘Seale [euoneonpe pue [enuspisal
01 juadelpe pajeIsul SWaISAS 10} [enuassa S| SIYl ‘[eullwlsl anj ay)
W04} BSIOU 1N0-Xealiq [eulalxa ay) Saonpal 1aoua|iS anj4 oeA-Aey-IoN ayl

52



HN I1010AN - O

INO

Inb'le) “paresIpul
: " se (IND) slaysem pue
| DA (12) snu ‘(M2) sioq
{ND) Z Buisn 18yorIq Moreq Ue)
(D)~ #u ol ynw sy X4 €T0ZC

| 1IN 1010\ UBH 8U) JO UoNe[eISU| 0Z'2

08V - J1aysem OTIN ‘WD
28¥S - INN OTIN 1O ‘TI8YS - uld 18S G2 X OTIN "MD
:(00eHE) ¥S0£0T1 ‘(00£9/09TQ/089) £S0E0TT - HNIA 1010 "D

A0

sbx0'8

ybram

wuwg s1exoelq

WWOZE X OT¥ X 0EE - ¥SOLOTT (PMy)

WWOZE X 0LE X 00€ - £S0£0T T (PMmy)
'swiq

‘pareaipul se (IND) slaysem pue

(1D) sinu ‘(3D) sHog + Buisn [001s Jojow ue} Y} 0} Ynw dY} XI4 2'T°02'2
‘ue) LWINNJBA ay] JO Jolow ayl J1aAo ‘(D) Jnw Jojow ayl 4 T'T°02°2
Alquassy T°02'2

'8INsSOjouUd

ue ul pajquiasse sjaued Buionpal asiou Jo pPaloNIISU0I SI | "9sIou Jojow

uel ayl umop uadwep 0] WOO0J pasnun Jo Wood Juejd e ulyum pajunow
SI Ue] wnNNdeA 8yl usaym [espl SI YN\ JOION ueH JeA-Aey-IoN 8yl

53



193U3|IS INAT P3|qWBSSY

| 199UBJIS JUBA PUT BY} JO UOIR|[eISU| TZ'Z

dO

SOYS - Jaysem 9N "dO ‘T-LTPS - Uld 19S WWZT X 9N "dD
‘dNS-TSOVOTT - 492U3JIS INAT "ND Jaudlsed WA 'SV :akeld 18In0 WAT OV

sB0'p :ybBlopn

Buol] WwGET X 0ETO (PMY)

'swig

‘(SV) smalos

18S ¢ ay1 Buisn uonisod ul
Xl} pue s|npow JUusA pud

NO

ayl o1 (Ov) oeld 1anoo
|9yl yoene-ay €'T°'1¢°¢

'X0(Q 199U3|IS a3y}
10 pua 8yl ul saysnq
quey oyl o1 (42)
silaysem pue (dD)
SMaIds 189S ¢ Byl
Buixyy Ag yoene pue
3|NpOoW JUSA pud ay)
jo awred Janod ay)
01 dn ‘(ND) J92uajIs
3yl JI8lo <¢'T'1C¢

(SW)
SMaIos 18s Z oy
Buisesjas Ag ajnpow

waA pus ayl jo (OV)

O< ale|d Janod anoway T'T'TZC

SV

AlqQuassy 1'12'2

"2INSO|2Ud UR Ul pa|quIasse
sjaued Buionpal 8slou JO Pa1oNASUOD SI )| "BNSSI UB S| 3SIoU 3Jaym
Seaje UIYIM pajelsul Usym agn) UoNSNQWIod 8yl Olul Jie Jo ysniul ay)
WoJ} 3SI0U 1IN0 Mealq 8yl SaoNpal - ISJUa|IS WUSA pug deA-Aey-ION 8yl

54



These appliances should be commissioned by a qualified engineer.

3.1 Tools Required.

The following tools and equipment are
advisable to complete the tasks laid out in this
manual.

Various
Pozidrive
Screwdrivers

Suitable alternative tools may be used.

Various
Flat Head
Screwdrivers

Manometer

Spanner < Allen
Set Key
set
3.2 General. setting. Refer to section 3.3.1.8
Under normal working conditions it is  3.3.1.5 Check gas is turned on at meter and

recommended that the Nor-Ray-Vac ‘LR’ series
system is regularly maintained to ensure long
life and efficient operation.

Maintenance is required only once per year.

In dusty or dirty conditions more frequent
maintenance is desirable. Servicing work must
be carried out by a qualified gas service
engineer.

!

When maintaining or servicing the Nor-Ray-Vac
‘LR’ series systems:

Never rest anything, especially ladders
against heating system.

Isolate gas and electrical supplies before
commencing any service work.

Important

3.3 Commissioning Procedure

3.3.1 Start Up Checks

3.3.1.1 Check that the installation is to the
design layout drawing and installed in
accordance with the installation instructions.

3.3.1.2 Check installation electrically. Ensure
that the vacuum fan, inverter, burners and
control panel are wired correctly to diagrams
provided.

3.3.1.3 Ensure that each burner is electrically
disconnected at the plug/socket.

3.3.1.4 Set individual burner delay timer
dip-switches (located in each burner) to required

55

take meter gas pressure reading.

Fit pressure manometer to the inlet pressure
test point on the burner furthest from the gas
supply and with all burners off observe
pressure reading. Turn off gas at meter and
again observe reading. If pressure falls check
system for leaks.

Injector pressure  Adjustment screw under
test point. cap to set injector pressure
The gas pressure at the burner inlet

connection must not exceed 50 mbar (20in
wag).

3.3.1.6 Start the vacuum fan.
For various controllers/BMS systems it may be
necessary to adjust the set point to above room

temperature.

For B80/B160 and B300 fans with an inverter
panel, check that the display states “rdy” (ready)

3.3.1.7 Check for correct fan rotation.

Gas inlet
test point
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3.3.1.9 Adjust the vacuum setting

The end vent vacuum is measured by removing
the protection cap on the tee piece in the air
impulse line on the end vent burner and
connecting a manometer.

3.4 B80/B160 and B300 fans ONLY

The use of an inverter on the standard B8O,
B160, B300 fan system allows the end vent
suction to be adjusted by varying the low speed
setting of the inverter within the local relay unit.

3.4.1 Ensure that electrical supply to the end
vent modules and burners in each branch are
connected.

3.4.2 Check that the fan and branch dampers
are fully open and secure.

3.4.3 Ensure the controller is in a programmed
ON function and above the actual room
temperature.

3.4.4 After a 30s delay the fan should run and
the inverter should be showing the motor
frequency in the display.

3.4.5 Press the mode button 3 times until
‘CONF’ appears on the display.

Mode button:

Switches between

control/program modes.

(Only accessible with

/ door open).

«—

Exits a menu or
parameter.
4\ _

Jog dial:

For navigation when

turned clockwise

or anticlockwise, or

selection/validation
when pressed.

Escape button:
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3.4.6 Press the jog dial to enter. Rotate jog dial
until ‘LSP’ is displayed. Press jog dial to enter.

3.4.7 Rotate jog dial to adjust frequency. Press
jog dial to enter new value, causing the inverter
to change its speed.

3.4.8 Adjust the frequency until each burner has
lit.

Frequency is usually between 35 and 50 (Hz)

3.4.9 Press the ESC button twice to return the
inverter to the 'rdY’ display.

3.4.10 Remove power to the system and allow
fan to halt.

3.4.11 Return power to system. After a 30s
delay the fan should run and a red neon should
have illuminated on the rear of each burner.

3.4.12 Working at the radiant branch
FURTHEST AWAY from the fan, observe the
ignition of the burners. An amber neon should
illuminate on the rear of the burner.

3.4.13 If the dip-switches have been set
correctly, the burner closest to the manifold (last
on branch) should ignite first followed in order
by every burner towards the end vent burner.

Note: It may be necessary to temporarily break
the union at a burner in order to purge the gas
pipe of air.

When the branch has been running for 30
minutes check the end vent vacuum reading.

3.4.14 Re-adjust the frequency on the inverter (if
necessary) until the appropriate end vent
suction is achieved, this is given in the table
below.

End vent
System pressure
mbar
Standard multi-burner systems 6.25
Special considerations
Single 32LR End vent only 7.5
Single 38LR End vent only 8.25
Single 46LR End vent only 9.25
Three 46LR in a single branch 5.6




3.4.15 Proceed to the next radiant branch closer
to the fan and commission in the same manner,
observing the ignition sequence of the burners
and amber neon's.

3.4.16 Check the end vent vacuum reading.

3.4.17 Adjust the branch damper (if necessary)
located at the end of the branch to bring the
vacuum readings in line with the normal
operating figure shown in the chart. Ensure that
damper is locked securely after adjustment.

/®

Adjustment instruction for branch damper.

1 Loosen grub screw (A).

2 Turn adjustment lever (B).

3 Position of damper blade is indicated by
position of bent adjustment lever.

4 Tighten grub screw (A) to secure damper
position.

3.4.18 Repeat for any further branches (where
necessary), moving closer to the fan as each
branch is completed.

The vacuum setting procedure is now complete.
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3.5 BH300 fans ONLY
(and fans controlled by NRV ‘logic’
driven LRU’s with no inverter)

End vent vacuum settings are made firstly by
means of adjusting the damper at the vacuum
fan inlet, this brings the end vent with the lowest
reading to the normal operating vacuum.

The dampers on each branch can then be
adjusted to bring the vacuum readings in other
branches to the normal operating figure.

Ensure that all dampers are locked securely
after adjustment.

3.5.1 Ensure that each burner is electrically
disconnected at the end vent module plug/
socket.

3.5.2 Check vacuum fan inlet and branch
dampers are fully open in the first instance and
secure.

3.5.3 Ensure the controller is in a programmed
ON and above the actual room temperature.

TT—®

The fan inlet damper is integral to the fan inlet
condensate tee piece.

1 Loosen grub screw (A).

2 Turn adjustment lever (B).

3 Position of the damper blade is indicated by
position of bent adjustment lever.

4 Tighten grub screw (A) to secure damper
position when finished.

3.5.4 After a 30s delay the fan should run.

3.55 Working at the end vent burner
FURTHEST AWAY from the fan, measure the
vacuum pressure and adjust the fan inlet
damper to obtain over 8.7 - 10 mbar (above
3.6in wg) WHEN COLD.



3.5.6 Remove power to the system and allow
fan to halt.

3.5.7 Ensure that each burner is electrically
re-connected at the end vent module plug/
socket.

3.5.8 Return power to system. After a 30s delay
the fan should run and a red neon should have
illuminated on the rear of each burner.

3.5.9 Working once more at the radiant branch
FURTHEST AWAY from the fan, observe the
ignition of the burners. An amber neon should
illuminate on the rear of the burner.

3.5.10 If the dip-switches have been set
correctly, the burner closest to the manifold (last
on branch) should ignite first followed in order by
every burner towards the end vent burner.

Note: It may be necessary to temporarily break
the union at a burner in order to purge the gas
pipe of air.

Allow the branch to run for 30 minutes.

3.5.11 Recheck the end vent burner
FURTHEST AWAY from the fan, measure the
vacuum pressure. Adjust the branch damper (if
necessary) to obtain the figure shown in the
table below.

End vent
System pressure
mbar
Standard multi-burner systems 6.25
Special considerations
Single 32LR End vent only 7.5
Single 38LR End vent only 8.25
Single 46LR End vent only 9.25
Three 46LR in a single branch 5.6

3.5.12 Repeat for any further branches (where
necessary), moving closer to the fan as each
branch is completed.

The vacuum setting procedure is now complete.
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3.6 Final Commissioning.

3.6.1 Check that the burner injector pressures
are zero + 0.25 mbar (x0.1in wg). Adjust if
necessary.

T~

Injector pressure
test point.

3.6.2 Check operation of thermostat controllers
a number of times, allowing the burner ignition
cycle to complete each time, checking that each
burner relights.

3.6.3 With all burners firing check the inlet gas
pressure at the burner furthest away from the

gas supply.

The minimum inlet pressure is 17.5mbar for G20
(Nat Gas), 20mbar for G25 (Nat Gas) and G31
(Propane) and 25mbar for G30 (Butane).

The difference between gas pressure at the
burner, with all the burners on and all the
burners off should not be more than 2.5 mbar
(1in wg).

3.6.4 Take gas consumption meter readings for
each separate NRV system or building heated
ensuring all other loads are off.

3.6.5 After the system has reached equilibrium:
take the following measurements.

a The flue gas temperatures entering the
vacuum fan. The flue gas sample point located
on the vacuum fan tee is used.

b The surface temperature of the underside of
the tube at the end of each radiant branch.

¢ The surface temperature of the underside of
the tube at a point directly underneath each
combustion chamber suspension lug.

3.6.6 Reset thermostat controllers to required
setting.

3.6.7 Complete service report sheet.
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These appliances should be serviced annually by a competent person to ensure safe
and efficient operation. In exceptional dusty or polluted conditions more frequent
servicing may be required.

The manufacturer offers a maintenance service. Details available on request

4.1 Tools Required.
Suitable alternative tools may be used.

The following tools and equipment are advisable
to complete the tasks laid out in this manual.

Leather Various Various
Faced ~ Pozidrive Flat Heaq
Gloves - Screwdrivers Screwdrivers

Large Adjustable

Spanners or 22, 26 & P Spanner < ﬁllen Soft
27mm Spanners for /,/ Set + Rey Brush
Gas Flex. set

4.2 Burner Exploded Views.

Figure 6.a. LR Burner Head @/'
6 Burner head casting — L100103-SUB /@

7 Burner port insert — L100155
8a Flame retention grid — L100171

8c Flame retention plate — L100176
9 Air shutter plate - see selection chart
10 Burner jet - see selection chart

23 %" plug — L100202
37 Set pin M4 x 6 — 5326-1

&— —

Assembly for

LR12-18
\ Part assembly for

LR24 - 46 ONLY
\

U— g
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Figure 6.b. LR Burner

®®

@
\@
@
—0

T

@ Wﬁfi‘

T S

1 Control housing base plate — L102001
2 Control housing lid — L102009 4/@
— 2015

3 Full sequence gas controller
4 Multi functional gas valve — C111513 plus 900041

5 Air filter — L102013 24 Valve mounting bracket — L102020
6 Burner head casting — L100103-SUB 25 Pressure switch bracket — L200025
7 Burner port insert — L100155 26 Grommet (gas supply) — B200500
8 Flame retention grid — 100171 27 Grommet (13mm) — 2878
9 Air shutter plate - see selection chart 28 Burner gasket — 1102032
10 Burner jet - see selection chart 29 Silicone gasket — L102031
11 Electrode assembly — L100401 30 Slide latch — L100200
12 Mains input filter — 201292 31 Latch clip — L100201
Mains lead (not shown) — 2125 32 Push clip — C110714
13 Air pressure switch (EV only) — L104039 33 Wing nut — C111700
14 Bulkhead compression fitting (EV only) — L104073 34 Set pin M4 x 12 — 5325
15 Delay timer — L102025-SUB 35 Set pin M4 x 10 — 5314
16 Inline Socket (EV only) — 3123-5 36 Set pin M5 x 10 — 5363
Inline burner plug (EV only - not shown) — 3124 37 Set pin M4 x 6 — 5326-1
17 Wiring harness — E200067 38 Washer M4 — 5322
18 Red neon light — 2180 39 Nut M4 — 5315
19 Amber neon light — 2175 40 Torque Screw - 201093
20 Gas inlet connection pipe %" x 4" — 2360 41 Silicone tubing (EV only) — L100180-SUB

21 Gas outlet inlet connection pipe %" x 2%" —2314-1 42 Silicone tubing (EV only) — L100181-SUB
43 Plastic tee (EV only) — L104200

23 %" plug — L100202 44 Tee cap (EV only) — L104201
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4.3 Vacuum fan

Inspect fan and flue ductwork for
any contamination.

Inspect expansion joints for
damage and replace if necessary.

4.4 Tubes
Inspect radiant tubes and fittings
internally. If there is any
mmmy— appreciable build up of dust or

deposits the tubes should be
cleaned internally.

If corrosion is present replace as necessary.

Note It may be necessary to determine whether
chlorinated hydrocarbons are being used by the
client.

4.5 Tube couplers

Check for tightness.
Inspect for evidence of holes and
cracks and replace if necessary.

4.6 Reflectors

# Check for overlaps and re-adjust
/ if necessary.

The reflectors may be cleaned

; with a soft cloth and detergent in

water.

4.7 Condensate trap

Inspect for dirt and scale and
clean if necessary.

4.8 Burner electrodes

Check ceramic visually for build
up of carbon or cracks.

Check the spark distance and
position of the electrodes relative
to the burner head, replace if
necessary (see fig.7).

4.9 Burner head
Check condition of burner head

insert and flame retention grid
and replace if necessary.

4.10 Filter

Replace if contaminated with dirt.

4.11 Combustion Chamber Viewing Window

Window should be clean and free
from cracks.
Replace if necessary.

Re-commission system after servicing (see section.3)

Figure 7.
Burner Electrode Details

3.5mm |
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Required Spares

\ Note Any spare part components that are
L
In order to aid troubleshooting and servicing we phot approveld ]E)%/hAmbn?ad Cou'% |n\/|§:jll_dati
recommend that the components shown in this the approv? of the appliance and validity o
section should be stocked. € warranty.
Item Description Part No. Item Description Part No.
gnitor 2015 Pressure Switch ~ L104039

Nat Gas Valve Amber Neon

Twin Solenoid C111513 (Burner On) 2175

220/240
Valve Mini Red Neon
Harness 900041 (Mains On) 2180
Mains Input Inline Burner
EMC Filter 201292 Socket 3123-5
Ignitor Assembly ~ L100401 :Ql'l:ge Burner 3124
HT Spark Lead ~ 2243-1 Vacuum Test 1104200
Nipple
Rectification .
Lead 2243-2 Burner Timer L102026
. Main Harness
yans input 2125 End Vent E200067
In-line E200068
//‘\.,
< Burner Air Filter ~ 1L102013 Lockout Relay 2104

Lockout Relay

Webber Valve 2197
Base

2108
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Item

Description

Burner Gasket

Ceramic Insert

Mica Window

Window Gasket

Fan
B80
B160
B300

Fan
BH300

100mm (4”)
Tube Coupler

150mm (6”)
Tube Coupler

Combustion
Chamber

> Combustion

Chamber
Reflector

~ Standard

Reflector

Part No.

L102032

L100155

A523500

C110350

201760
201761
201762

201763

C112110

C112120

L101020-SUB

L105050

L105024
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Item

Description

Burner Head
Assembly
LR12-18
LR24-46

Flame Retention
Grid

LR12-18
LR24-46

Sight Glass
Cover

End Vent
Module

Inverter
1.5kw B80/B160
2.2kw B300

Contactor/O’load
BH300

Fan Expansion
Joint

Jubilee Clip

Suspension
Bracket

Reflector
Support Bracket

Speedlinks

Part No.

L100102-SUB12-18

L100102-SUB

L100175-SUB
L100171

A571202

EVM

900088
900089

900088

7532

7542

C110500-SUB

L201008-SUB
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NRV LR Injector/Air Shutter selection chart

. \.
A
Jet Size dia mm Sutter Size dia mm EVM Orifice Plate dia mm
Gas Burner Part number Part number Part number
12 3.6 | L100336 13 | L100322 145 | L104102
18 4.4 | L100544 17 | L100321 16 | L104101
Natural 24 4.9 | L100549 19.5 | L100320 24 | L104100
G20 32 5.4 | L100554 22 | L100314 27 | L104093
38 5.8 | L100558 24 | L100316 32 | L104092
46 6.3 | L100563 26.5 | L100318 - | -
12 3.7 | L100537 13 | L100322 145 | L104102
18 4.6 | L100546 17 | L100321 16 | L104101
24 5.2 | L100552 19.5 | L100320 24 | L104100
Natural
G25 32 5.8 | L100558 22 | L100314 27 | L104093
38 6.3 | L100563 24 | L100316 32 | L104092
46 6.9 | L100569 26.5 | L100318 - |-
12 2.6 | L100526 13 | L100322 145 | L104102
18 3.2 | L100532 17 | L100321 16 | L104101
24 3.7 | L100537 19.5 | L100320 24 | L104100
Butane
G30 32 4.2 | L100542 22 | L100314 27 | L104093
38 4.6 | L100546 24 | L100316 32 | L104092
46 5.1 | L100551 26.5 | L100318 - | -
12 2.9 | L100529 13 | L100322 145 | L104102
18 3.5 | L100535 17 | L100321 16 | L104101
24 4.0 | L100540 19.5 | L100320 24 | L104100
Propane
G3l 32 4.4 | L100544 22 | L100314 27 | L104093
38 4.8 | L100548 24 | L100316 32 | L104092
46 5.2 | L100552 26.5 | L100318 - |-
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Symptoms

Possible causes

Remedy

Vacuum fan is running but there is no
power at burner. Neon lights are off.

Thermostat is satisfied.

Check to see that thermostat is calling for heat.

No power at burner.

Check for 240V supply.

Blown fuse in supply to heater.

Check and replace if necessary.

End vent vacuum too low.

Vacuum at end vent should be 6.25 mbar
(2.5in wg). Check for air leaks on burner.

Air pressure switch on end vent burner not
opening.

Check and replace if necessary.

3 way air valve (if fitted) in end vent burner not
opening.

Check and replace if necessary.

No power out from end vent burner.

Check for loose or broken wire or faulty relay.

Red neon comes on but ignition
sequence does not start and amber
neon remains off.

Loose or broken leads to full sequence gas
controller.

Check and repair.

Fault in full sequence gas controller. Replace.
Red neon comes on. Amber neon|No ignition spark. Check for loose or broken high tension lead to
comes on for ignition period; then spark electrode.

amber neon goes off.

Check spark gap and position for spark
electrode

Check ceramic is not cracked.

Check for loose earth wire connection on full
sequence gas controller.

Fault in full sequence gas controller.

Replace.

Insufficient gas supply to burner.

Check service cock is open and gas pressure
is available at inlet to gas valve.

Gas solenoid valve not opening.

Check for loose or broken wires to the gas
valve.

Check for adequate end vent vacuum.

Replace valve if necessary.

Injector pressure not set at zero.

Check and adjust.

Incorrect aeration.

Check that air shutter plate on mixing chamber
is correctly positioned.

Red neon comes on. Amber neon
comes on for ignition period, burner
lights for a short time and then goes
out. Amber neon off.

Flame probe faulty or lead detached.

Check for broken ceramic.
Check for correct position of flame probe.

Fault in sequence gas controller.

Measure flame current.
The minimum signal is 3uA (DC).

Polarity of line and neutral incorrect.

Check for correct polarity of the electrical
supply.

Burner earth is poor.

Check and ensure burner is correctly earthed.

Full sequence gas controller faulty.

Replace.

Incorrect aeration.

Check that air shutter plate on mixing chamber
is correctly positioned.

End vent vacuum too low (ie below
6.25 mbar (2.5in wg). Check section
3, commissioning for exact vacuum
details.

Branch damper closed or broken.

Open branch damper until end vent vacuum is
6.25 mbar (2.5in wg).
Replace damper if necessary.

Fan rotation incorrect.

Reverse two phase wires on 3 phase motors.

Fan speed wrong.

Check voltage at motor. Replace if necessary.

Fan impeller loose or defective.

Tighten or replace if necessary.

Restriction to fan inlet.

Clear restriction, repair flue duct.

Air leaks into system via poor joints.

Replace defective tube couplers gaskets or
acoustic joints.

Insufficient fall of system towards fan allowing
condensate blockage.

Reinstate system fall.

Non return valve sticking open on condensate
trap assembly.

Clean valve or replace if damaged.




7.1 Removal of burner

assembly.

a Disconnect electrical supply at burner mains
inlet connection.

b Turn-off gas supply at service cock and
disconnect union.

b1l On EVM burners, remove the vacuum tubes
by releasing the two compression fittings (14).

¢ Release the slider latches (30) from the
underside of the burner base plate (1).

d Pull lid (2) apart and upwards from base (1).
Lid is attached to back plate via 2 screws (34).

e Remove lid by unscrewing set pins (34) from
back of base plate.

f Remove spark electrode assembly (11) (see
section 7.7)

g Release and remove the four set screws (40)
from the combustion chamber flange.
Retain combustion chamber gasket (28).

h Lift burner clear of combustion chamber and
withdraw.
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i Remove the burner heat shield.

i When replacing do so in the reverse order
ensuring that the gasket between the burner
heat shield and combustion chamber (28) is
undamaged or replaced.

k Check for gas soundness.

7.2 Removal of gas valve.

a Remove burner assembly from combustion
chamber as detailed in 7.1.

b Secure burner head (6) and unscrew gas inlet
pipe (21).

¢ Remove burner set screws (37) and valve
bracket set screws (36) from burner base plate.

d Withdraw burner head and valve from base
plate. Retain burner gasket for later (28).

e Secure burner head (6) and unscrew gas
valve (4).

f Replace in reverse order.



7.3 Filter Replacement.

a Release the slider latches (30) from the
underside of the burner base plate (1).

b Pull lid (2) apart and upwards from base(1).

¢ Unscrew wing nut fastener (33).

d Slide filter (5) out of location brackets.

e Replace in reverse order.

7.4 Controller Replacement

a Disconnect electrical supply.

b Release the slider latches (30) from the
underside of the burner base plate.
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¢ Pull lid (2) apart and upwards from base (1).

d Disconnect JST connection (3a).

e Disconnect ignition wire from controller (3b).

f Release three push clips (32) from controller
fixing holes.

g Remove controller (3)

h Replace in reverse order.

7.5 Pressure Switch
Replacement (EVM ONLY).

a Disconnect electrical supply.

b Release the slider latches (30) from the
underside of the burner base plate.

¢ Pull lid (2) apart and upwards from base (1).

d Disconnect both silicone tubes (42 & 43) from
pressure switch (noting connection orientation).



e Disconnect three electrical cables from
pressure switch (noting connection orientation).

f Remove fixing screws and nuts from the
pressure switch bracket and withdraw.

g Remove retaining screws from bracket to
pressure switch and remove unit

h Replace in reverse order.

7.6 Sequence Timer

Replacement.
a Disconnect electrical supply.

b Release the slider latches (30) from the
underside of the burner base plate.

¢ Pull lid (2) apart and upwards from base (1).
d Remove controller as described in section 7.4

e Disconnect electrical connection from the
timer.

f Remove fixing screws from timer bracket and
withdraw.
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g Remove timer from the insulation wrap and
remove unit.

h Replace in reverse order.

7.7 Electrode
Replacement.

Assembly

a Disconnect electrical supply.

b Release the slider latches (30) from the
underside of the burner base plate.

¢ Pull lid (2) apart and upwards from base (1).

d Remove fixing screws (37) from electrode
mounting flange (11).

e Carefully withdraw electrode assembly from
burner - noting electrode orientation.

f Replace in reverse order.

7.8 Injector Replacement.
(See figure 6a)

a Turn off gas and disconnect electrical supply.

b Release the slider latches (30) from the
underside of the burner base plate (1).

¢ Pull lid (2) apart and upwards from base (1).

d remove fixings screws (37) and air shutter
plate (9) from top of burner casting.

e Remove plug (23).



f Unscrew brass jet (10) inside mixing chamber
using 8mm allen key and withdraw through 1/2in
BSP hole.

g Replace in reverse order.

7.9 Combustion Chamber
Viewing Window
Replacement.

a Turn off the system including the vacuum fan.

b Unscrew dome nuts (47) and spring washers
(48). Remove sight glass cover (49), gasket (50)
and mica window (51).

¢ Replace in reverse order as shown ensuring
components are re-assembled in correct order.

1. Mica Window
A523500

2. Window Gasket
C110350

3. Sight Glass Cover
A571202

4. Spring Washers

5. Dome Nuts A315110

L101040
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8.1

1.

To Start the Heater

Ensure that gas supply is turned on at
each burner.

. Switch on electrical supply to heaters.

. Ensure that the controls are correctly set

i.e.;

o Clock is correctly set.

. Heater program is correctly set.

. Required room temp is correctly set

. The vacuum fan will operate and at the

same time the red neon lights will
illuminate at all burners. After 10 seconds
the burners closest to the exhaust fan in
each radiant branch will light, with both red
and amber neons illuminated. After a
further 25 seconds the next burner in line
within each radiant branch will light and
after a further 25 seconds the end vent
burner will light.

5 If the lighting up sequence fails and lockout

8.2.

occurs press the lockout reset button (if
available), or switch off the electrical
supply and restart after 40 seconds. If
lockout occurs three times consecutively
switch off and isolate the gas and
electricity supplies.

Contact the AmbiRad Service department.

To Switch Off Heater

. Switch off electrical supply to the heater.

The burner will stop and the fan will shut
off.

If the heater is to be switched off for
periods in excess of one week it is highly
recommended that both the gas and the
electrical supplies are turned off.

8.3. Routine Maintenance between Service
Intervals

After ensuring that the heater is cold and
mains electric isolated, cleaning of the
reflectors with a soft cloth and a mild
detergent (non solvent based cleaners only)
in water can be undertaken.

Additional removal of dust from the radiant
tubes, burner and heat exchanger can be
undertaken.

8.4 Frequency of Servicing

The manufacturer recommends that to
ensure continued efficient and safe
operation of the appliance, the heater is
serviced annually by a competent person
e.g. every year in normal working conditions
but in exceptional dusty or polluted
conditions more frequent servicing may be
required.

The manufacturer offers a maintenance
service.

Details are available on request.

For Service requirements, please contact
AmbiRad.

For further technical and service support
visit our Support Information Database at
www.s-i-d.co.uk

Note This notice must be fixed alongside the
electrical service switch. On some systems only
the end vent burner contains a delay timer. In
this instance the inline burners will light
simultaneously and the end vent burners will
light after an 80 seconds delay.

AmbiRad Limited Fens Pool Avenue
Brierley Hill West Midlands DY5 1QA
United Kingdom.

Telephone 01384 489700
Facsimile 01384 489707

Email info@ambirad.co.uk
Website www.ambirad.co.uk
Technical Support www.s-i-d.co.uk

AmbiRad is a registered trademark of AmbiRad Limited. Because of continuous product
innovation, AmbiRad reserve the right to change product specification without due notice.
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