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7KLV UHSDLU PDQXDO 350" LV LQWHQGHG IRU 3
servicing 14TGMini diesel engine preK HD W H UWH DPWUHM V’ 7KLV PDQ
techniqguedor troubleshootingaswell asfor determiningwhethewvariousunitsand parts
are in good condition or need to teplaced.

This manual also contains general technical specifications and descriptions of the
unitsandtheir purposeaspartsof the pre-heateraswell astips for their maintenancand
particular features ohe variousnodels.

The operating manual and the catalogue of parts and assemblies must be use
alongside this manual during the repair of thelprater.

Thisrepairmanuaimaynotincludeinformationaboutminordesignalterationsmade
by the manufactureaafter the publication date of thidM.

Abbreviations used in the catalogue of parts and assemblies:
CU =zcontrol unit;

CP zcontrol panel;

LPU tlow-pressure unit;

FD zflame detector;

AB zair blower.



1 Main technical characteristics

See Table 1 for thenain technical characteristics of the {weater.
The technical characteristics include®0% tolerance and are specified for operasibn
the rated power supply voltage and air temperature @t.20

Table 1
Rated power voltage, V 24 12
Fuel type dieselfuel in accordgnce yvith GOST 305, dependi
on ambient air temperature
Heat transfer agent antifreeze
Heat capacity, kW:
- in full-duty mode 14.5 14.5
- in mediumduty mode 9.2 9.2
- in low-duty mode 4.0 4.0
Fuel consumption, Ith
- in full-duty mode 1.9 1.9
- in medium-duty mode 1.2 1.2
- in low-duty mode 0.5 0.5
Power consumption, W, max.
- in full-duty mode 113 124
- in mediumduty mode 100 95
- in low-duty mode 76 74
- in cooling mode 46 46
- within 90 seconds of startup 155 144
Ignition/shutdown mode manual or atomatic
Mass, kg, max. 16




2.1. Relevant workforce safety rules must be observed duringeiaar.

2.2. Failure to observe p#ieeater operation instructions may cafiise

2.3. A workplace must be equipped with fifighting means.

2.4. Do not use the prheater with the cooling systeampty.

2.5. Do not refuel an operatingre-heater.

2.6. Do not use the prheater within confined spaces and in poorly ventilabedns.

2.7. Do not switch off power to the piteeater before the purging cyeleds.

2.8. Do not connect and disanect the terminals on the control panel and the control
unit with the preheater switchedn.

2 Safetymeasures

3 Construction and description of the main units of the pre-heater

3.1 The construction, main units and parts of the-lprater are shown in the CPA
(catalogue of pdis andassemblies).
3.2 The electric circuit diagram is shown in the operating manual.

4 Possible preheater faults, their root causes, androubleshooting

methods

A fault may occur during operation of the greater. A corresponding malfunction
code is displged on P4 F FRQWURO SDQHO ODOIXQFWLRQ F
methods are described in Table 2.

There may be faults that are not identifiable via the control unit, such as loss of
sealing in the heat exchanger (burning out), burning out of seal gatket of heat
capacity due to fouling of the inner surface of the heat exchanger, or fuel pump filter
clogging. The above faults may be diagnosed by visual inspection.

DO NOT OPERATE THE PREHEATER WITH A POORLY SEALED HEAT
EXCHANGER.

Duringpre-heateoperationsomeof its unitsmayfail to operateandcanbereplaced
without removing the entire pileeater from the vehicle. Such units include the control
unit, the pump, the plugs, the control panel, or thegueip.



Table 2

Malfunction Malfunction , Recommended troubleshooting
- Cause of malfunction
code description methods
The overheating sensor or tl
01 Overheating temperature sensor indicate
temperature above 102°C Check the entire liquid circuit for air
blocks.
Possible gﬂecli: the pump (Sf_ctlog 25.7).
02 overheating is | Heating rate is too high ecksensors (section 5.2)
indicated
03 Overheating
sensor fault Short or open circuit, control Check wires and connections.
unit fault Check the sensor (section 5.2)
04 Temperature
sensor fault
Elame detector Short circuit to frame or ope
05 circuit. Check the flame detector (section 5
fault .
Control unit fault
Built-in The temperature sensor is
06 temperature faulty (located in the control| Replace the control unit (section 5.1
sensor fault unit)
09 Glow plug fault | Short or open circuit Check the glow plug (section 5.1)
Air blower fault | Excessive friction inside
10 (obstructed bearingsprthespinneritting
rotation) thescroll
Oxidation of terminal block
contacts.
Air blower fault | Jamming due to
27 (the motordoes | destruction of the bearing o1l Check the air blower (section 5.4)
not rotate) the rotor.
Foreign objects have fallen
into the unit etc.
Alr blower fault Malfunction of the electric
(the motor
28 motor ontrol board or the
rotates at a )
control unit
constanspeed)




Table 2

Malfunction
code

Malfunction
description

Cause of malfunction

Recommended troubleshooting
methods

Shutdown due t(

12 overvoltage Check battery terminaknd adjacent
wiring.
(above 16/30 V) Voltage regulator fault. Check the battery, recharge or replg
Shutdown due t{ Battery fault if necessary.
15 undervoltage Check operation of the vehicle
(below 10.5/20 voltage regulator
V)
No fud
Insufficient fuel supply gEeCE {Jr:es;en::e of fuel.
All attempts to [ The gas exhaust pipeline or| Check the air intake and the exhaus
startfailed. | the air intake is clogged : i
13 Failure to ignite — : pipe. _
(after two Insufficient heating of the | Check the glow plug (section 5.1).
attempts). plug, control unit fault Check the combustion chamber
The 1.5 mm opening in the | (section 5.5)
combustion chamber plug
socket is clogged
o Check the wiring and the terminal
14 Pump fault Short or open circuit block. Check the pump (section 5.7
Flame detector | The preheater has not been .
16 is not cool cooled down sufficiently by | Check the air intake and the exhaus
enough purging pipe. Check the flame detector
Check fuel pump wiring for short or
o open ciraiit.
17 Fuel pump fault SS;“ (xir(i)rﬁ)en circuit in fuel Check if the insulation of wiring
pump 9 leading to the overheating sensor is
intact
No
communication
20 between the Short or open circuit in the | Check connecting wires and the
control panel wiring connector
and the pre
heater
Check the amount and flow of fuel
Allowable flame supplied. Check the combustion air
29 blowoff number supply system and the gas exhaust
during operation pipeline. If the preneater starts, chea
is exceeded the fuel pump and replace if necess
Check the air intake, the gas exhauy
-8 Flame blowoff pipeline, and fuel supply, resolve the

during operation

faults and replace the fuel pump anc
the flame detector if necessary




5 Purpose, repair, and replacement gire-heater units

The main units of the heater are shown in the CPAalogue of parts and
assembliesPartialdisassemblgftheheatersrequiredocheckheconditionof heater
units or to replacethem. Partial disassemblyof the heater may be performed
without dismounting the heater from the vehicle, provided dismounnhg of the
control unit is possible.

Fig. 1. Heater unit (top view)

)L Z +HDWHU XQLW VLGH YLHZ ZLWK VHQ\
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5.1 Purpose, dismounting, and replacement of the glow plug

The glow plug (Fig. 2) ensures ignition of -gias mixture as the @heater starts. To
check the operation of the plug and replace the plug:

- cut off fuel supply to the prheater (disconnect the fuel line from the heater,

and put the loose end of the line in a suitaelssel),

- disconnect the plugonnector,

- loose the clmp and remove the rubber cap from phay,

- unscrew thelug,

- reconnect the plug connector, and turn theh@water on. Note whether the plug

Is being heated from its end and up to about the middle of the heating element.
If the element starts heating uprn the middle or heats all the way to the
bottom, the plug ifaulty.

If theplug heatsup poorly, checkthe controlunit. Replacehe CU with agoodone.

If the preheater works fine after this replacement, the CU removed may be deemed
faulty.

If the plug does not heat up, check its operation. To do that, disconnect the plug
connector, and connect the plug to a 9/18 V (depending on a plug) direct current source
wait 30 s, and measure the current consumed. Note how the plug heats up.

The consumed currentud be within 5.2+ . | RQY dug) or 2.583.4 A(for
an 18V plug). Continue the test for no more than 90 s. Wait no less than 180 s before
repeating theest.

If the plug does not meet at least one of the above requirements, replace it. Replac
theplug in the reverse order.

During plug replacement, replace the plug washer (Fig. 2) as well.

If the plug works fine, check the wires and contacts on the plug connector. If the
contacts are clean, replace the plug, and try to startup tHeepter. If thepre-heater
doesnotlaunchwith anewplug either,replacethe CU with agoodone,andtry to launch
the preheater again. If the pilgeater works fine after the CU replacement, the removed
CU may be deemedulty.

Rubber cap

Glow plug
\

v

Washe

Fig. 2. Glow plug



5.2 Purpose, dismountg, and replacement of the temperature amdrheating
sensors

The temperature and overheating sensors are installed within one assembly
(Fig. 3).The sensors monitor the temperatures of heated liquid and the heat exchanger.
Both sensors are identical chipmounted in a metal case.

Fig. 3. Sensor assembly

Sensors on prbeaters manufactured beforeaiM2016 are located as shown in
)L Z DAEG )LJ

Fig. 4. Location of sensors

In May 2016,theoverheatingsensowasmovedfrom thelower to theupperside
of the case, and sealis installed to cweer the old sensor seat on the lower giig.
z
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Fig. 4a. Location of sens®

Depending on readings of the temperature sensors, the control unit switches the
pre- heater off if one of the following conditions is met:
- any sensor indicates temperature abovef K
- the heating rate is too high (over 108exond).
If failuresarecausedby thesensorandnotby quality of coolantor thepump,check
thesensors.

11



To checkthesensorspartially disassembléhe heatelfirst. Removethe controlunit
FRYHU DQG FKHFN WKH RXWSXW YROWDJH RI WKH VI
$W KLIKHU WHPSHUDWXUHY WKH RXWSXW YROWD.
temperature corresponds to 0.01 V increase at the sautport.

It is recommended that you measure the voltage with the coolant at ambient
temperature.

Compare the sensoeadings with the actual liquid temperature. In case of short
circuit, or if the readings from a sensor do not match actual coolant temperature, this
sensor must be deemed faulty and should be replaced.

To dismount and replace a sensor:

- cut off the fuel spply to thepre-heater,

- switch off power to th@re-heater,

- drain the coolant from the vehidgstem*,

- open the latches, and remove the cover from the camtitl

- loosen the terminal screws and disconnect the wire connectorseinmmmals,

- remove the @ews fastening the sensmver,

- remove the screw, remove the holddown from one sensor, remove it from the
heater case, and replace with a new one. Do the same with the sexcsmd

Replace the sensor assembly in the reverse order. Connect the Wir@ lleck
mark (or the black wire) to the connector with a black dot above it. After installing the
sensorgsefill theantifreezeandremoveair fromtheliquid circuit of thevehiclefollowing
WKH YHKLFOH BP&QcKdBFWXUHUYV

* |f drainingtheliquid is impossiblefor sensoreplacementpinch the pipeswith
C- clamps, and plug the sensor opening witimger.

Attention! Use this method only after ensuring the vehicle engine is off
DQG WKH OLTXLG WHPSHUDWXUH LV QRW DERYH
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5.3 Purpose, dismouimg, and replacement of the flardetector

The flame detector (Fig. 5) is used to detect flame in the combustion chamber. It is
comprised of a pipe with a thermocouple with two outputs inside.

Fig. 5. Flame detector

Check the flame detector if malfunmti codes 05 and 16 (as per Table 2) are
displayed.

If the fault appears during the piheater startup:

- cut off the fuel supply to there-heater,

- shut off power to the prheater (disconnect the maiannector),

- open the latches, and remove the cover filmencontrolunit,

- loosen the flame detector terminal screws, and disconnect the wire connectors

from terminals.

Check the resistance. The FD should indicate a short circuit or resistance no highe
WKDQ , | WKH )' LQGLFDWH Vami@uRt®elreplackd) FXLW LV

Check the FD channel on the control unit. Install a jumper in place of the FD
(Fig. 5a).Startup thepre-heaterlf amalfunctioncoderelatedto the FD doesnot appear
after the preheater launch, the CU is fatifee. Turn the p-heater off, and remove the
jumper.

Further troubleshooting involves heater disassembly. To do so:

- remove the screws fastening the air blower to the adapter (if it is impossible to
removetheair blower,drainthecoolantandremovetheheatefromthevehicle),

- remove the nut fastening the FD to the adapter, and remot#®the

Check the insulation resistance between the outputs and the FD case. It must not &
ORZHU WKDQ 0O DW 9 OHDVXUHK &8 UHYDWADC
not above 80%. If the insulation resistance does not meet this criterion, replace the FD

13



If anerrorappearsiuringthepre-heateioperationgitherthereis acrackin theweld
of the FD thermocouple (i.e. the circuit is open), or the polarity of the FD connection is
reversed. The fault may be revealed usingrvedhods:
1) Remove the FD fnm the heat exchanger case (Fig. 6), connect the terminals of
the FD to a multimeter(at the temperatureneasuringerminals),andheatup the
FD, for instance, with a lighter. The temperature must increase gradually. If it
increases in surges or goes dawrthe initial value, the FD is damaged. In this
case, however, the circuit may close after the FD has cdoled.
2) RemovetheFD from the heatexchangecase andmeasurehe voltageat outputs
of the FD that is being heated up. When the FD case is heated W R f K
(boiling watertemperature)its outputsmustprovidevoltageat about3 mV. The
positive pole is marked with a red tube, and the negative pole is marked with a
blacktube.
In case of an open circuit, the FD must be deemed faulty and shawplédeed.

To check if the FD is really faulty, replace it with a good one. If the new FD does
not cause the same fault, the replaced one must be deemed faulty.

Replace the FD in the reverse order.

Where the fault persists, check the polarity of the FDneotion (the wire with a
blackmarkmustbe connectedvith the CU connectomarkedwith ablackdot,asshown
in Fig. 6a). An error in the placement of the marking onRDewires is also possible.
Check the correctness of the wire markings with a maginet.terminal of thewire
marked black must bmagnetised.

Fig. 6. Jumper Fig. 6a. FD to Cltonnection

14



5.4 Purpose, dismounting, and replacement of thékwer

The air blower (Fig. 7) supplies air to the combustion chamber, wkinkcessary
for conbustion in every operation mode. The air flow suppliedhi® combustion
chambers measuredby therotationspeedf aspinnetinsidetheair blower. Therotation
speeds registeredy aPWM signalsentfromthe controlunit accordingo aprogramme.
The air blower is alsousedfor purgingthe combustionchamberbeforeand after the
combustion process to cool down the chamber, dehumidify it, and remove résaiual

The air blower must be replaced in case of a fault in the electric motor or the
spinner this may be detected by a change of noise and low air flow).

If theair blowerdoesnotrotate,checkits operation Connecthebluewire terminal
to theblack wire terminalfor a shorttime, asshownin Fig. 8. The AB mustgradually
speed up and just gsadually slow down as soon as the terminalsliem@nnected.

Dismount the air blower in the following order:

- cut off the fuel supply to there-heater,

- shut off power to the prheeater (disconnect the maiannector),

- dismount the CU cover, and disconne AB terminals from theonnectors,

- remove the screws fastening the CU to thélawer,

- remove the screws fastening the AB to the adapter, then disconnect fifzenAB

theadapter.

Mount the air blower in the reverse order.

Attention! The air blower must be replacedcompletely with a new one!

15



Fig. 7. Air blower

Fig. 8. AB operation check
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5.5 Purpose, dismounting, and replacement of the combustiamber

The combustion chamber (Fig. 9) is used for creating and burning tfigelir
mixture. Synptoms of combustion chamber faults are:

- a failure to start the prleeater (provided other parts are faudte), a burnbut

case or inner parts of tithamber,

- ahigk DERYH fK WHPSHUDBaSXUH RI WKH H[KDX"

- low heatcapacity.

Visually inspect the combustion chamber. To do so, first partially disassemble the
heater in the following order:

- cut off the fuel supply to there-heater,

- switch off power to th@re-heater,

- drain the coolant from the vehidgstem,

- remove the heater from threhicle,

- unscrew thelug,

- unmount the aiblower,

- unmount the flameetector,

- remove the nuts and tisavirler,

- removethe screwof the fasteningclamp (Fig. 1), and disconnecthe adapter

from the preheatercase.

Where visual inspection reveals bumit parts or spots on the case, replace the

combustion chamber.

Install the combustion chamber in the reverse order with a new gasket between the
combustion chamber and the adapsere(CPA). Visually inspect the heat exchanger as
described in section 5.6 as well.

Opening
@ 1.5 mn

-~

Fig. 9. Combustion chamber
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5.6 Purpose, dismounting, and replacement of the areathanger

Theheatexchange(Fig. 10)is usedto transferheatfrom thehot gasflow genersed
as a result of combustion of the-&iel mixture to the coolant circulating in the liquid
jacket of theheater.

One fault that may appear during heat exchanger operation is loss of seal. Its
symptoms are grumbling or explosive noises of burning caogeke entry of coolant
into the gasair line.

Dismount the heat exchanger in the following order:

- cut off the fuel supply to there-heater,

- switch off power to th@re-heater,

- drain the coolant from the vehicle system or Qsgamps,

- remove the heatdérom thevehicle,

- remove the cover from the control unit, and disconnect the terminals of the

temperaturesensors,

- removethescrewof thefasteningclamp(Fig. 1), anddisconnecthecombustion

chamber together with the adapter and the air blower fromréieeatercase,

- remove the heat exchanger from the hezdse.

Install the heat exchanger after cleaning or replacement in the reverse order. Make
sure to visually inspect the-fing (see CPA) located between the heat exchanger and
the case. Replace tlering where any tears, scratches, or deformations are found.

Beforeinstallingtheheatexchangerposerthesensoholddown(Fig. 5). Makesure
to install the heat exchanger in the correct orientation. One of the inner fins of the hea
exchanger is shiter than others. This fin must be located against the ftbateztor.

After installing the heat exchanger and tightening the clamp, fasten the sensor
holddowns, and check the seal of the heater liquid circuit with compresseat air
0.25F3Z N 3)I Supply compressed air for five minutes. No air pressure drop
must be observed.

Fig. 10. Heat exchanger
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5.7 Purpose, dismounting, and replacement of the electric motor anzlithp

The electric motor and the pump (Fig. 11) are used to circulate cootast dhe
vehicle engine/cabin heating systems.

The pump may fail to operate for the following reasons:

- poor coolant quality (frozeocoolant),

- foreign particles inside the liquircuit,
- short or open circuit in the electmaring,
- wear on the working pts of thepump,

- antifreezdeakage.

Attention! If an antifreezeleak is found, replacethe pump! Do not usethe pre-
heater with a poorly sealgadimp.

If thecoolantis frozen(hasturnedinto asnowlike massjnsidethe pump,thepump
will continueto opeatebutwill notbeableto circulateanycoolant.Unfreezethe pump,
and replace the coolant with that of betjeality.

Wherethereareforeignparticles(suchasfine chippingsor sawdust)nsidetheliquid
circuit, they may obstruct pump operationclear symptom of a contaminated pump is
poor circulation of the coolant. To clean the pump, partially disassemble it in the
following order:

- remove the pump from the vehicle (drain the coolant, or ustai@ps, as
necessary),

- remove the four screws, anelnove the cover,

- clean the cover and the spinner of forgiguticles,

- reinstall the cover, and check the puomeration.

If thepumpdoesnotturnon,checkthewiring. If thewiring is notvisibly damaged,
connect an electric source at the pump operatifiige directly to the pump terminals
for a short period. If the pump starts, it is faude. Check the wiring with multimeter.

Fig. 11. Electric motor and the pump
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5.8 Purpose, dismounting, and replacement of the coninil

The control unit (Fig.12) is installed onto the air blower and is used for
automatic control of the pileeater operation. It also provides diagnostics and
monitoring of pre heater units during operation.

During troubleshootingf the control unit, first ensureall partsof the pre-heater
are in working order, and then check the fuse. If the fuse isffaeltas well, replace
the control unit. If the pr&eater with a new control unit works fine, the one removed
must be deemed faulty and should&glaced.

To dismount the cdrol unit:

- switch off power to th@re-heater,

- open the latches, and remove the cover from the camtiipl

- disconnect altonnectors,

- disconnectthe wires for the sensors,FD, and AB from the control unit
connectors,

- remove the screws from the CU cassniunt the CU. Reinstall the control
unit in the reverserder.

] Airblower

Sensor
assembl

Flame
detecto

Fig. 12. Control unit
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5.9 Purpose, dismounting, and replacement of the coptokl

7KH FRQWURO SDQHO )LJ SSDQHO"™ ShegdRey,L G H
including:

- manual startupnd shutdown of thpre-heater,

- setting the prdneater operation duration (3 oh8urs),

- indication of the préneater statugn/off/fault).

To check whether the control panel is faulty, check the wire terminal blocks.

If the check does not reveal anylits, but the control panel still does not operate,
replacethecontrolpanelwith anewone.If thenewcontrolpaneldoesnotcausedhesame
fault, the replaced one must be deemed faulty.

To dismount the control panel:

- disconnect the panel connector frtme harnessonnector,

- remove the panel from its mountibgacket.

Reinstall the control panel in the reverse order. If the panel isffaglt but the
pre- heater still fails to start, check the wiring in the harness and the CU.

Fig. 13. Control panel
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5.10Purpose, dismounting, and replacement of thegusgip

Thefuel pump(Fig. 11)is usedfor metereduel supplyto thecombustiorchamber.
Main characteristics of the fuel pump:
- the rated supply voltage is 12 or 4
- colil resistance:
a) 258 (fora 12 V fuel pump),
b) 14546 (for a 24V fuel pump),
- the fuel pump capacity specified on the label is for dy@fes.

Possible fuel pump faults:
a) fuel is not supplied to the fuel pipe of the heater during launch, and a
characteristic knocking noise from thesfypump is absent,
b) the fuel pump operates (the characteristic knocking noise is heard), but no fuel
is supplied to the fuel pipe of tipee-heater,
c) combustion stops when the peHDWHU LV VZLWFKHG WR W
mode, which means the fuel pump dao®t provide the required capacity.

To repair faults and determine the capacity of the fuel pump:
- before troubleshooting, first check the presence and quality of fuel tartke
- check the condition of the wiring almdnnectors,
- checkwhetherthe fuel pump launchesduring the pre-heaterstartupand emitsthe
characteristic noise of the piston moving insidepghmp.

You may dismount the fuel pump and shake it to release the piston jammed inside
thepumpafterlong storageor failure to observethe preverive maintenancspecifiedin
the operatingnanual.

To check the pump operation, you may connect a power source at the rated voltag
of the pump to the pump terminals for a short time (emulating impulses). If the
characteristic knocking noise is heard, filne! pump is faukfree.

- Checkthe sealof thefuel line overits entirelengthto the fuel pumpandfrom the

fuel pump to thdneater.

- Check whether the filter is clean. Remove the inlet nozzle of the fuel pump, and
visually inspect the filter. Flush it ilh petrol and purge with compressed #ir
necessary.
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If all of the above faults are repaired, check the capacity of the fuel pump. The fuel
pump capacity must correspond to the value specified on the label (with a £10%
toleranceper100cycles.If thecapacityis belowor abovethatspecified yeplacethefuel
pump.

To dismount and reinstall the fuel pump:

- loosen the clamps and disconnect the fuel lines from fuel pazdes,

- disconnect the wiring from the fuplimp,

- remove the fuel pump from the clamReinstall the fuel pump in the reverse
order.

Fig. 14. Fuel pump
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6 Process equipment fomaintenance

6.1. Test bench

Maintenance of prheaters may be performed on a stationary control bench
manufactured by Autoterm OOO.

The bench allows you to:

a) test the préneater and the heater using a diagnostic device and fauts)

b) check operation of the fuel pump, the air blower, the temperature and

overheating sensors, the flame detector, and the [glayy

c) check the operation of the pneater and the heater aftepair.

The main characteristics and guidelines for using the bench are specified in the
operating manual for a DV 1105.000 bench.

Fig. 13. Preheater test bench

Note: use of this bench allows quick and quality maintenance efigagers and
heaters.

6.2.USB adapter

The USB adapter is used to connect hydronicha@&ers and air heaters to a PC.
The adapter is connected in place of the control panel and allows diagnosis of the pre
heater using proprietary software.

For more details, see the operating oalrior the USB adapter.
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