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1. INTRODUCTION

The educational kit “The Fuel Cell Practice System. A Hybrid Car Model with Bluetooth Control” 
(SHCM) (hereinafter referred to as the kit), allows the user to get acquainted with the operation 
principle of the solid polymer electrolyte (SPE)-based fuel cell battery (FCB) and a hybrid FCB with 
a rechargeable battery system, test the equipment operating from the hybrid power supply system 
and measure its parameters.

Abbreviations used in this manual:
FCB – fuel cell battery;
SPE – solid polymer electrolyte;
FC – fuel cell

Depending on the subjects under study and the depth of their consideration, the work with the kit 
fits into both school subjects – physics, chemistry, and some mathematics, and higher education 
courses.

2. SAFETY INFORMATION

In this section, you will find information on the safe use of the educational kit equipment.

Make sure to read this manual and get familiar with the kit equipment before starting and using it.

2.1. General safety information

• Keep this instruction and technical documentation available at all times and make them available 
for reference to persons who work with the equipment, if necessary.

• Follow all the safety instructions and work regulations.

• Use only the components from the kit set. Modification of the kit equipment design (configuration) 
can result in current injuries and hydrogen leakage.

• It is prohibited to disassemble and repair the FCB and other components of the kit by yourself.

• Do not use or store the kit in rooms where fumes of acids, alkalis and other chemically aggressive 
substances are present.

2.2. Safety precautions to be taken while working with the kit

• The kit is intended for:
 - analytical and applied tasks;

 - experimental tasks;

 - presentations;
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 - training sessions; and

 - research tasks.

The kit is not intended for other purpose. The use of the kit for any other purposes is not allowed. 

• The room where work is carried out with the kit shall be properly ventilated and equipped with 
primary fire-fighting means. 

• The dynostand shaft rotates at high speed when the model is on. While working with the 
dynostand, make sure that no foreign objects such as hanging elements of clothing, long hair, 
etc., can get on the shaft or wrap around it. It is not allowed to touch the shaft with the installed 
model while working with the dynostand. 

• The kit shall always be used only under the supervision of fully qualified adult staff.

• Only people familiar with the operation manual and trained in safe work methods are authorized 
to use the kit.

• It is prohibited to leave the kit equipment unattended after switching it on.

2.3. Safety precautions to be taken while working with hydrogen

CAUTION! INFLAMMABLE!

Hydrogen is used for the FCB operation. In case of leakage or mixing with air, hydrogen can form 
explosive concentrations. In the leak area, hydrogen can ignite from the source of fire or spark and 
cause burns.

• Do not place the equipment of the kit near open fire sources, do not use open flame sources near 
the place of work with the kit.

• Do not expose the kit equipment to direct sunlight. Do not expose to temperatures above 50 °C.

• Make sure the cartridge with hydrogen is installed correctly in the reducer.

• Prior to the beginning of work, make sure that the gas lines (plastic tubes) and connections as 
well as power supply wires are not damaged.

• Discharged hydrogen cartridges may contain some residual hydrogen inside in a bound state. 
Never throw them into fire.

• The cartridge with hydrogen is pressurized. Do not compromise the integrity of the hydrogen 
cartridge and do not disassemble it under any circumstances.

2.4. Safety precautions to be taken while working with the rechargeable battery

• Do not disassemble the rechargeable battery, do not damage its outer enclosure. This can result 
in internal or external short circuit fault, overheating or fire. Leakage of electrolyte or chemical 
reaction of unprotected (open) battery material with air can also cause overheating and risk of fire.
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• Do not use rechargeable batteries if they leak, change their color, shape or other parameters. 
Otherwise, they can cause overheating, explosion or fire.

• Never throw batteries into fire, do not heat them.

• Do not hit or drop rechargeable batteries.

• Do not allow water or chemically active media to come into contact with rechargeable batteries.

• Use only the charger delivered in the set to charge the battery. Using a charger that is not 
designed to charge this battery model can not only damage the battery but may also result in a 
hazardous situation.

• Do not connect damaged or faulty batteries to the charger.

• Before connecting the charger to the mains supply, make sure that the power cable is intact and 
there are no external damages. 

• Do not leave the working charger unattended. You should always monitor the charging process 
of the battery in order to respond in time to possible problems that may arise while charging. 
Disconnect the charger from the mains supply as soon as the battery is fully charged.
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Fuel cells, according to the operation principle, are similar to ordinary galvanic cells (“small 
batteries”) and rechargeable batteries with the fundamental difference that a small battery has a 
limited reserve of irreversibly consumed (or chemically reversible, as in a rechargeable battery) 
reagents in a closed volume of the energy source itself. In a FC, the reagents supply to the cathode 
and anode is constantly provided from external sources, and reaction products are discharged 
outside. Therefore, the reaction can continue as long as the necessary reagents (fuel (hydrogen) 
and air oxygen) are supplied, the reaction products are discharged, and the FC itself remains 
operable. 

The fuel cell is similar to a galvanic cell in that it has an anode, cathode and electrolyte. In this 
case, the FC electrolyte is usually a thin layer of solid proton- or ion-conducting substance. Since 
the voltage of a single fuel cell (otherwise it is called a membrane-electrode assembly (cathode – 
electrolyte – anode and additional functional layers)) is rather low – about 1 V, FCs are assembled 
into fuel cell batteries consisting of a certain number of FCs and other auxiliary elements allowing 
FCs to work together, providing a uniform supply of fuel and oxidizer to the anodes and cathodes of 
all FCs simultaneously, the output of spent reaction products and electrical switching, both internal 
and external. 

Fuel cells are able to produce electric energy and heat from fuel with high efficiency by means 
of an electrochemical reaction. Fuel cells use hydrogen or hydrocarbon fuels – both gaseous and 
liquid – as fuel and usually air oxygen as an oxidizer. There is a great variety of types and kinds of 
fuel cells that differ in working temperature, fuel consumption, and other parameters. It cannot be 
stated that fuel cells are already a common source of energy, but undoubtedly, fuel cell technologies 
are undergoing rapid development. 

While working with the kit, we will use a hydrogen-based FCB with low-temperature fuel cells based 
on SPE. 

The purpose of the fuel cell battery is to obtain electric energy due to electrochemical reactions 
between active substances continuously coming to electrodes from outside. Fuel for the reaction is 
hydrogen and the oxidizer is oxygen from the air. 

FCBs are not discharged and do not require electricity to be recharged. They can constantly generate 
electricity as long as there is a stock of fuel and oxidizer supplied to them. 

Unlike traditional electromechanical power generators, such as internal combustion engines or 
turbines, FCBs do not burn fuel and have no moving parts (except for auxiliary equipment – air 
supply and cooling fans). FCBs generate electricity by means of a highly efficient flame-free and 
silent electrochemical reaction. An important feature of fuel cells is that they convert the chemical 
energy of fuel directly into electricity and belong to the class of the so-called direct energy 
conversion devices.

The operation principle of hydrogen fuel cells is schematically depicted in Figure 1.

The anode and cathode of the fuel cell are separated by electrolyte conducting protons. When 
hydrogen enters the anode and oxygen enters the cathode, a chemical reaction begins, which 
generates electric current, heat and water.

3. OPERATION PRINCIPLE OF FUEL CELLS  
AND BATTERIES BASED ON THEM
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The following are the reactions that take place:
Reaction on the anode: 2H2 → 4H+ + 4e-

Reaction on the cathode: O2 + 4H+ + 4e- → 2H2O
Common fuel cell reaction: 2H2 + O2 → 2H2O

On the anode catalyst, hydrogen gives off electrons to the external electrical circuit, converting 
into positively charged ions – protons. Protons are carried through the channels of mass transfer of 
polymer electrolyte to the cathode, while electrons pass to the cathode via the external electrical 
circuit, creating a direct current, which can be used to perform useful work. On the cathode catalyst, 
molecular oxygen is converted into atomic oxygen, which is tied with electrons (which are supplied 
from the external electric circuit) and protons coming through the proton mass transfer channels. As 
a result of such electrochemical reaction water is formed, which is the only reaction product in the 
case of using pure hydrogen as fuel.

FCB should not work in the mode of surges in the electrical load consumption, because when the load 
is reduced, the intensity of the electrochemical reaction in the FCB falls as well, up to termination, 
and fuel is wasted, passing non-responsive through the FCB. Under excessive increase of the load 
(current growth), the FCB starts to work in non-standard modes, reducing the service life. Therefore, 

Fuel H2
(hydrogen)

Air containing O2 
(oxygen)

Heat
(air radiator)

Air + water steam
Purge valve

Chamber

Gas-diffusing electrode (anode)

Catalyst

Chamber

Gas-diffusing electrode (cathode)

Catalyst

Proton-exchange membrane

Figure 1 – Operation principle of hydrogen fuel cell
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the optimal mode of operation for the FCB is to work together with a buffer energy storage – 
rechargeable battery, which allows maintaining the most acceptable, close to stationary, mode of 
operation of the FCB and compensating for changes in the load (power consumption) by the energy 
reserve in the buffer battery. If the load exceeds the capacity of the FCB, then the rechargeable 
battery gives out a part of the energy to the load, gradually discharging. Accordingly, when the load 
drops significantly, the FCB gives the generated energy not to the load, but to replenish the spent 
capacity of the battery. Thus, two types of electrochemical current sources – FCB and rechargeable 
battery – successfully complement each other and in practice are almost always used together. The 
DC-DC converter and control automatic equipment usually provide the coordination of the FCB 
and rechargeable battery joint work and prevent their operation modes from going beyond the 
established limits..
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Name Parameter

Dynostand housing size (L × W × H), mm 440 × 250 × 170
Number of FCBs 1
FCB type Hydrogen-air
FCB rated capacity, W 30
FCB rated voltage, V 8–12
FCB mass, kg 0.4*
Overall dimensions of FCB, mm 76 × 82 × 70*
Number of MEAs in FCB 15
Fuel for FCB Hydrogen
Requirements for hydrogen purity, % of hydrogen, min.  
(purity of at least A grade as per GOST 3022-80) 99.99

Design gas capacity in metal-hydride cartridge, L 10
Type of filler in metal-hydride cartridge AB5
Time to FCB reaching the mode from the hydrogen supply moment, 
min. 5

Type of purge valve Solenoid
Type of rechargeable battery Nickel-metal hydride
Capacity of rechargeable battery, mAh, min. 3600
Rated voltage of rechargeable battery, V 7.2
Power supply of dynostand and charger for rechargeable battery Mains 230 V, 50 Hz
Operating temperature, °C plus 15 to plus 40

* The parameters are given for reference and can differ depending on components.

4. SPECIFICATIONS
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5. CONFIGURATION AND OPERATION PRINCIPLE 
OF THE KIT
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Figure 2(a) – Kit configuration

Figure 2(b) – Kit configuration
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1. Radio controlled model of the Himoto car.

2. Fuel cell battery.

3. Fan that serves to inject air into the FCB cathode ducts communicating with the atmosphere to 
supply air oxygen and to cool the FCB by forced convection.

4. Metal-hydride cartridge for hydrogen (2 pcs installed on the model)

5. Gas (hydrogen) reducers (2 pcs).

6. Purge valve that performs periodic short-term purging of the anode area (hydrogen path) of the 
FCB.

7. Isolating valve that opens or closes the flow of hydrogen to the FCB.

8. Ni-MH battery, which is a buffer storage of electrical energy of the FCB (located under the control 
board box).

9. Hybrid system control board with associated equipment and connectors (located in a box with 
a removable cover).

10. Connectors for the FCB (the FCB has two output connectors, which are connected to mating 
connectors inside the control board box).

11. Connector to connect the rechargeable battery.

12. Flowmeter, which registers the flow rate of hydrogen entering the FCB.

13. Pressure sensor, which monitors the pressure of hydrogen supplied to the FCB.

14. RESET button on the control board.

15. Bluetooth connector (for Bluetooth communication with the model).

16. Switch of the way to control the car model (with the remote control or through the “FC-Car” 
application installed on your phone via Bluetooth). Output on the outer wall of the control board 
housing. For individual models, the switch can be located inside the housing of the control board 
next to the Bluetooth connector (15).

17. Control panel of the Himoto car model.

18. Dynostand to simulate the dynamic parameters of the car model movement.

19. Power connector of the dynostand.

20. Touch-screen display of the dynostand. Working commands displayed on the display screen are 
controlled by pressing the corresponding functional field of the screen (with finger, stylus, etc.) 
or by using a computer mouse connected to the connector (23).

21. USB connector for connecting a USB flash drive to the dynostand.

22. HDMI connector for connecting an external projector (for auditorium demonstration of 
adjustments and parameters displayed on the dynostand touch screen).
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23. USB connector to connect a computer mouse to control the dynostand.

24. Metal-hydride cartridges for hydrogen (2 pcs, backup)

25. Charger for Ni-MH rechargeable battery.

26. Receiving antenna unit for the model communication with the remote control. Fixed on the 
model chassis on the right front along the path (not shown in Figure 2(a)).

Optionally other auxiliary equipment can be included in the delivery set:

• A set of spare wheels for the model car.

• Two plastic stops to improve the axial fixing of the model on the dynostand against lateral 
sliding.

The stops are placed on top with the notch on 
the sides of the dynostand, with the narrow wall 
outward and the wide wall inward. The stops 
should be placed symmetrically on both sides of 
the dynostand near the rear chassis of the model, 
where there is room for the stops and they do not 
interfere with the wheels of the model.

• A plastic case with two recesses for storing spare metal hydride cartridges, which can be hung on 
the dynostand side for convenience in an unobstructed location.

• A large box with the cover removed, located in Figure 2(a) next to the FCB (2) closer to the 
front chassis, accommodates the model control board (9) with sensors and operator controls 
connected to it (model control method switch and “RESET” button located on the walls of the 
board housing). 

• Fuel (hydrogen) and oxidizer (air oxygen) are required for the kit equipment operation. Hydrogen 
from two hydrogen cartridges (4) flows to the flowmeter (12) and then to the isolating valve 
(7) through pressure reducers (5) and a connection tee. Upstream of the isolating valve, the 
hydrogen path is connected to the pressure sensor (13) mounted on the board through the side 
outlet of the tube. Then hydrogen passes through the FCB anode channels, entering the area of 
the electrochemical reaction, and at the FCB outlet there is a valve for periodic purging of the 
FCB anode channels (6).

• Oxygen enters the reaction zone due to diffusion in the gas distribution layer of atmospheric 
air moving through the open channels of the cathode surfaces of the FCB. Uniform air supply, 
the temperature of which is equal to the ambient temperature, is provided due to the axial 
fan (3). In the FCB with an open type cathode air is used not only as an oxidizer but also as an 
element of the cooling system. The electrochemical reaction taking place in the active area of 
the FCB is exothermic, and due to the presence of internal resistance while the current passes 
through individual FCs, additional heat is released. Therefore, during operation, depending on 
the load current, the FCB can heat up. Due to the constant air flow, a continuous process of water 
evaporation is maintained from the active area of the cathode, which additionally causes removal 
of excess heat from the device.
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• To clean the system from the reaction gaseous byproducts accumulated in the process of 
operation in the FCB anode system, it is periodically purged (the purge valve opens with a set 
periodicity and for a programmed small period of time). 

• When the fuel and oxidizer interact on the FCB terminals, potential difference occurs. Therefore, 
when external load is connected to electric outputs of the FCB, a direct electric current will flow 
through it. Terminals (current outputs) of the FCB are connected to the hybrid system control 
board (9). 

• Coordinated modes of operation of the described hydrogen path devices, as well as joint 
operation of the FCB and the buffer Ni-MH rechargeable battery (8) (in particular, the decision 
to spend the energy generated by the FCB to power the electric motor of the radio-controlled 
model of the Himoto car or to charge the battery), are set by the control algorithms of the board 
and do not require additional adjustments.

• The FCB works only when the battery voltage, taking into account its internal resistance, is less 
than 7.5 V.

• The pressure sensor (13) monitors the hydrogen pressure supplied to the FCB and automatically 
(provided by the factory settings) switches off the hydrogen supply when the pressure drops 
below 0.2 bar. That is, the automatic equipment will not allow starting the FCB when hydrogen 
cartridges are depleted. In the case of discharge of the cartridges it is necessary to remove them 
from the car model and replace the discharged cartridges with new ones or charge the old ones. 
The FCB will resume its work when the pressure in the cartridges will be at least 0.2 bar and the 
battery voltage (taking into account its internal resistance) will be less than 7.5 V.

• The battery can get discharged at a voltage of at least 6.0 V and charged at a voltage of no more 
than 8.4 V.
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6. BASIC FUNCTIONS, MEASURED PARAMETERS 
AND LABORATORY WORK

6.1. Basic functions

• Measurement of current, voltage, power and temperature of the FCB, hydrogen rate and pressure 
at the reducer outlet;

• Measurement of current, voltage and charge (in % of battery voltage);

• Hybrid system operation adjustment.

6.2. Measured parameters

• FCB temperature;

• FCB voltage and current;

• Voltage, current and charge by battery voltage;

• Hydrogen rate and pressure at the reducer outlet.

6.3. Laboratory work

• Studying the behavior of the metal-hydride alloy in different driving styles;

• Reading the characteristic curves of FCBs (I-V and I-W);

• Determining power consumption for different model systems;

• Studying the hydrogen source operation modes;

• Estimating the model movement time with the set hydrogen reserve.
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7. GETTING READY FOR WORK AND WORKING 
WITH THE KIT

7.1. Unpacking the kit

When unpacking the kit, follow the order below:

• Inspect the package, check its integrity, and make sure there are no signs of mechanical damage;

• Compare the kit set with its data sheet and examine the kit parts to see if there is any sign of 
mechanical damage. In case any damage is discovered, contact the manufacturer.

7.2. Work procedure

The FCB is shipped removed from the car model in a separate gas-tight case designed for the FCB 
shipping and storing during long interruptions in operation. Install the FCB on the car model in the 
following order:

• Unpack the FCB. 

• When the FCB is delivered and stored, its two nipples for hydrogen inlet/outlet (located on 
the side of the FCB case with projecting fasteners) can be closed with plugs to prevent dust, 
mechanical particles and other foreign objects from getting inside the FCB. To remove the plug 
from the FCB nipple equipped with a collet clamp, press lightly with fingers on the plastic gasket 
located on the nipple under the plug (this will loosen the collet clamp fixing the plug pin inside 
the nipple) and simultaneously pull the plug in the opposite direction with the other hand. This 
operation does not require much force. Otherwise it is possible to damage the fasteners of the 
nipples to the FCB. The plug is inserted by pushing its pin inside the FCB nipple up to the stop. 
The position of the plug is fixed with a sealing collet clamp.

• Unscrew the screws from the four short projecting posts of the FCB.

• Next to the FCB location on the model frame there are two elastic transparent tubes with stiffer 
short plastic inserts on the ends. Insert the rigid tips of the tubes into the holes of the nipples 
with collet clamps on the FCB (similar to the description for the plugs). Optionally, the FCB can be 
fitted with nipples without collet clamps, on which elastic tubes are put on from the outside. The 
order of connecting the tubes to the FCB does not matter. Connect them in the most convenient 
position.

• Install the FCB on its seat on the frame at the rear chassis of the car model with the posts 
projecting to the frame, aligning the threaded holes in the posts with the holes on the frame, 
and fix the FCB with four screws. Agree the correct position of the FCB on the frame on the basis 
of Figure 2a, paying attention to items 2, 3 and 10.

• Dismantle the FCB for storage in a gas-tight package in case of long (more than 5 days) 
interruptions in operation in the reverse order.

The car model described in items 1–4 of this section shall always be switched on from the 
rechargeable battery, with metal-hydride cartridges with hydrogen being unscrewed. If the battery 
is not sufficiently charged and is not switched on correctly, you must first charge the rechargeable 
battery as described in item 8 of this section.



16

Note – In the delivery condition, the cartridges on the model are not charged; replace them with 
charged cartridges.

1. For the model, connect the connectors of the rechargeable battery and engine first and then the 
FCB connectors to the corresponding connectors on the control board. All plugs are individually 
configured, which precludes confusion of the polarity or connection of the device to a wrong 
connector.

2. Switch on the control panel, which comes with the kit, using which you can remotely control the 
car model. 

You can also control the model (as well as observe the operating parameters) in the “FC-Car” 
application on your smartphone.

Depending on the choice of control, the control method switch (16) shall be set to the desired 
position. The toggle switch has two positions: switching to the blue mark switches the model to 
Bluetooth control from the smartphone, and switching to the red mark switches the model to 
the remote control.

Notes:

1 – The model can be connected via Bluetooth to your smartphone only with the dynostand being 
switched off.

2 – It is always recommended to switch the control method when the model’s engine power toggle 
switch is OFF to avoid the engine triggering from an accidentally induced signal from the control 
system.

3 – The “FC-Car” application can be downloaded from Play Market or from 
http://www.inenergy.education/product/inenergy/spite-30/?clear_cache=Y

3. Place the model on the dynostand, so that the front wheels of the model enter the support 
trenches inside the dynostand body and the rear wheels stand on the dynostand shaft.

Note – When the model is mounted on the dynostand, its position is automatically locked in the 
dynostand structure (when the front wheels are inserted into the appropriate wheel trenches and 
the rear wheels stand on the shaft). To remove the model from the dynostand, loosen the locks. 
To do this, press the model’s front bumper slightly (the front wheels will move back a little in their 
trenches, and the locks under the model’s bottom will be released), then lift the front part of the 
car up and take the model out of the dynostand. When you remove the model from the front wheel 
trenches, do not try to force the model to avoid breakage; the model free of the locks is removed 
easily and effortlessly.

4. Move the toggle switch on the model engine control driver to the “ON” position (the toggle 
switch is located on the right side of the model near the rear wheel and is marked with two 
positions: “ON” – the engine power is on and “OFF” – the engine power is off).



17

Figure 3 – Engine power supply toggle switch (view from the right rear wheel of the model)

5. After performing steps 1 to 4, to start the FCB, carefully screw the hydrogen-charged cartridges 
into the reducers clockwise as far as they will go. The hydrogen cartridge is screwed into the 
reducer manually but quite tightly to ensure the flow of hydrogen from the cartridge to the 
FCB and to prevent hydrogen leakage at the connection point. To do this, while screwing in the 
cartridge with one hand, firmly hold the reducer with the other hand to avoid damaging the 
reducer mount on the model.

When the cartridge is being screwed in (or being unscrewed), there may be a momentary 
hydrogen leakage from the reducer as soon as the reducer stem pushes the cartridge isolating 
valve, releasing the hydrogen escape, and until the connecting end of the cartridge sits tightly 
on the reducer sealing gasket.

There are plastic clips on the elastic tubes for hydrogen supply, attached to the outlets of two 
hydrogen cartridge reducers. Before screwing the cartridges into the reducers, make sure that 
the clips are in the closed position, squeezing the elastic tubes to the connecting tee tightly.

After the cartridges are screwed into the reducers, the clips are opened when the machine is 
used in the hybrid power mode (the storage battery and the FCB operate together). If desired, 
only one clip can be opened, consuming hydrogen from one cartridge first, or both at once to 
increase the duration of continuous operation.

You should also replace the used cartridges with the model being switched on.

6. Plug the mains cable supplied with the kit into the power socket of the dynostand (19) and plug it 
into a socket of the household AC network. Move the power switch key of the dynostand located 
next to the power socket to the “1” position. After that, the dynostand display screen will turn on. 
The dynostand begins to establish a connection with the car model. The car number from the set 
is stored in the dynostand control and the dynostand will automatically connect to it if the car is 
on. If the car model is not on and/or there are several models nearby that are on, the boot screen 
may show the message “Select car” as shown in Figure 4. In this case, press to select the number 
that corresponds to the serial number of this kit (the serial number is indicated in the datasheet, 
on the rear bumper of the model and on the bottom of the remote control handle).
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Figure 4 – Possible screen layout after the dynostand power is switched on

After establishing the connection, the display screen will switch to the mode of setting the 
parameters of the model movement, the image of which is shown in Figure 5.

Figure 5 – Screen mode “Car movement parameters”

In the screen mode “Car movement parameters”, you can set the ground resistance (imitation 
of different road surfaces – from asphalt to loose sandy soil), which will be simulated on the 
dynostand shaft: “low”, “medium”, “high” or “very high”. The necessary pavement is selected 
by clicking on the corresponding labeled control field of the touch screen (or selected with a 
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computer mouse, if it is connected to the corresponding connector of the dynostand), and the 
activated field will be highlighted in this case.

The rotation speed of the model wheels, rpm, will be displayed in the field to the right of the 
inscription. 

The “regeneration” function is implemented in some models of the kit.

From this mode of the screen, one can switch to the curve building screen mode or the mode 
of displaying the current characteristics of the model power supply systems by pressing 
the corresponding control field of the screen: “Curves” (Figure 6) or “Power supply system 
parameters” (Figure 7).

Figure 6 – Screen mode “Building curves”

In the “Building curves” screen mode, one can specify building graphical characteristics of the 
rechargeable battery or FCB. To do this, under the information inscriptions “Rechargeable battery 
parameters” and “FC parameters” there are control fields with the parameters specified inside 
them, marked on the left with the inscriptions “X-axis” (horizontal) and “Y-axis” (vertical). By 
successive clicking on the corresponding fields, the necessary parameters are selected and will 
be drawn on the corresponding diagram axis.

The following choice of parameters is available for the FCB:

 - X-axis: time, current,

 - Y-axis: voltage, current, temperature, and rate of hydrogen.

The following choice of parameters is available for the rechargeable battery:

 - X-axis: time, current,

 - Y-axis: voltage, current.
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When you activate (by clicking or mouse) the “Save data to USB device” control field, the 
experiment data is saved to a USB flash drive inserted in the corresponding slot.

The data of the experiments performed are entered in a tabular form into the generated Excel file 
to the root directory of a recording device.

The dynostand modification with a control board of another type saves the data to the USB device 
to the root directory as a file with the name consisting of the designation of this educational 
product and, through the underscore, the current number of the experiment (consecutive 
numbering is applied for the recorded results), with the file extension “.tsv”.

The resulting file can be opened in WordPad, Notepad and, through the advanced search, Excel. 
If you cannot open the Excel file on your PC, you can open it in WordPad or Notepad, copy the 
data and transfer it to Excel.

Note – Data must be saved before the dynostand is turned off, otherwise the data file in the 
dynostand control board will be updated the next time the dynostand is turned on to a new one 
with the loss of the previous data.

Activating the “Back” field returns the screen to the mode “Car driving parameters”.

Figure 7 – Screen mode “Car power supply system parameters”

In the “Power supply system parameters” screen mode of the car model the current parameters 
of the rechargeable battery and FCB are displayed in two columns (Figure 7).

For the rechargeable battery, the voltage and current values, the mode (charge or discharge) and 
approximate charge state in % (determined by the rechargeable battery voltage) are displayed. 

For the FCB, the values of voltage, current, temperature, rate and overpressure of hydrogen 
downstream of the reducer are displayed.
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Activating the “Back” field returns the screen to the “Car driving parameters” mode. 

Note –  A screen backlight power-saving mode can be configured for the display, which is triggered 
after several minutes of inactivity. To bring the screen out of the power-saving mode, touch the 
screen in any area that does not contain any control buttons (so as not to accidentally confuse the 
settings), for example, the upper right side of the screen.

7.  Procedure of switching off the kit components:

 - Unscrew the hydrogen cartridges from reducers.

 - Move the toggle switch on the model’s engine controller to the OFF position and then turn 
off the remote control. Disconnect the plugs first of the FCB, then the rechargeable battery 
from the connectors on the control board. The engine plug may be left in the connected state.

When disconnecting the plugs from the control board, the FCB plug shall ALWAYS be 
disconnected first.

 - Move the power switch key of the dynostand to the “0” position and disconnect the dynostand 
from the mains.

8. If, after a long period of storage, you need to charge a fully discharged rechargeable battery, 
connect the battery plug to the charger socket from the kit, and connect the charger plug to the 
household AC power supply mains. The green signal LED on the charger will notify you of the 
end of charging. Remember that the system will not start up correctly with a discharged battery.

Note – In case incorrect automatic equipment control modes for the car model control systems 
are detected, use the button (14) with the inscription “RESET”, which is on the side wall of the 
model control board box. In this case, the system will reboot and return to the standard operating 
settings. The “RESET” button is only used when the hydrogen cartridges are unscrewed, as correct 
reprogramming of the system requires that there is no hydrogen pressure inside the hydrogen 
paths of the model.

The model is started from the “FC-Car” application or with the remote control, which is described 
below. In fact, only the remote control throttle trigger will be required to study the model parameters 
on the dynostand.

Brief description of the remote control

The remote control is shown in Figure 8.
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Figure 8 – Remote control

In the right part of Figure 8, in the upper frame, there is a fragment of the back side of the remote 
control head, and below there is the view of the auxiliary control panel located under the top cover 
of the remote control head (view from above).

1. Throttle trigger. It controls the forward speed, braking and reverse speed. When the trigger is 
pressed to the remote control handle, the model accelerates in proportion to the trigger pressing 
and moves forward. When the trigger is released, the model slows down. If you pull the trigger 
away from the handle, the model will slow down. If you pull the trigger off the handle again, 
the model will reverse. In the neutral position (it takes position automatically if you release the 
trigger), the car is not moving.

2. Steering wheel. It controls the car turning: when rotating the wheel clockwise, the model turns 
right proportionally, and when rotating counterclockwise, it turns left (factory settings); in the 
neutral position of the wheel (it takes the position automatically if you let the wheel go), the car 
goes forward. 
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3. Power toggle switch. To switch the control panel on, the power toggle switch should be moved 
from the “OFF” position along the arrow on the switch to the “ON” position.

ATTENTION! You cannot press the throttle trigger simultaneously when the remote control is 
being switched on; if you switch on the remote control with the throttle trigger being pressed, 
the speed controller will enter the programming mode.

4. Remote control handle.

5. Compartment for the remote control batteries.

6. Light indicator. It is lit red when the toggle switch is on (3). If the light indicator starts flashing, it 
means that the batteries of the remote control should be replaced with new ones.

7. Built-in antenna of the remote control.

8. Throttle (CH2) trimmer level. Setting the throttle in the neutral position of the throttle trigger. 
Adjustment may be required to prevent the wheels from rotating forward or backward when the 
throttle trigger is in neutral.

9. Steering trimmer level (CH1). It is used to align the straight line position of the front wheels in 
the neutral position of the steering wheel. If the front wheels are aligned straight in neutral, no 
adjustment is required.

10. “Double steering rate” toggle switch (D/R). This function is used to set the maximum angle of 
rotation of the model front wheels. 

11. Connector to connect the charger (used only if the remote control is equipped with rechargeable 
batteries; a separate charger will be required to charge rechargeable batteries (not included in 
the kit).

12. Reverse switches: CH1 – wheel reverse, CH2 – running reverse. They are used if you want to 
change the factory settings of the steering wheel (2) and throttle trigger (1) to reverse ones. 
For example, if you press the throttle trigger to the handle, the model goes forwards, and if you 
move the throttle reverse switch CH2 to the other position “R”, the car will move backwards when 
you press the throttle trigger to the handle. 

13. Adjustments for the forward and reverse speed limit (throttle / brake). It allows adjusting the 
maximum response of operating servo drives (i.e. operating power) in a wide range. 

14. Button for the remote control synchronization with the receiving antenna of the “Bind” car model 
(synchronization is not required, the equipment is supplied pre-synchronized).

You cannot press the synchronization button if you have the model and the remote control 
turned on. Otherwise, you may lose the connection between the receiver and the equipment. To 
restore it, press the “bind” button on your receiver with a thin screwdriver and turn on the model. 
The receiver will start flashing with the red light frequently. Release the button. Take the remote 
control, press the “bind” button and turn the remote on. Release the button. When the receiver’s 
light starts to glow red statically, the connection is complete. Turn off the remote control and the 
model and turn it on again.
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The main controls of the remote control are the throttle trigger and the steering wheel. The other 
adjustments are used only if necessary, if the factory settings do not satisfy the User.

a b c

Figure 9 – Replacing the remote control batteries

Four batteries, type AA, are used for power supply of the remote control. They are located in the 
base compartment of the remote control handle. To replace the batteries:

• press the battery compartment cover in the direction of the arrow on the cover and slide the 
cover as shown in Figure 9(a);

• insert new batteries into the battery compartment, observing the polarity as indicated in the 
battery pockets;

• return the cover and slide it all the way down the arrow as shown in Figure 9(c).

When installing the batteries, make sure to observe the polarity; incorrect installation of batteries 
may cause damage to the system.
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8. ADDITIONAL INSTRUCTIONS FOR OPERATION

ATTENTION!

• For prophylactic purposes and to increase the service life of the FCB, it is necessary to start and 
use the SHCM at least once in 10 days before full discharge of hydrogen cartridges (before 
starting, the cartridges must be fully charged with hydrogen).

• For better preservation of the FCB membrane humidity, it is recommended to store the kit in cool 
rooms with humidity at least 30 %.

• Channels for air passage through the FCB are small in size. It is necessary to ensure even inflow 
of air without impurities and significant amount dust (fluff and other suspended particles that 
contribute to channel clogging) into the FCB. It is prohibited to close the air intake window in the 
FCB and the air outlets from the fan by different objects.

• It is not allowed to expose the FCB to carbon monoxide (CO): do not store or use the kit in 
smoke-contaminated rooms.

• Hold the board when removing the connectors from the board to avoid breaking the board or 
the connector. Do not pull the connectors by the wires. Disconnect the connectors from the 
board carefully, without any sudden movements to prevent damage to the board.

• Do not short-circuit the connector terminals on the board.

IMPORTANT! During shipping, long interruptions in operation and storage, it is always necessary 
to remove the FCB from the car model and place it in a tightly closed gas-tight case (packing 
bag), which protects chemically active electrode sub-layers of fuel cells from interaction with various 
gaseous impurities (solvent fumes, emissions of paint and varnish coatings, glues, traces of smoke, 
etc.) that can often be present in the ambient air. This will protect the FCB from rapid degradation 
of parameters and premature failure.
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9. TRANSPORTATION AND STORAGE

9.1. The kit can be transported in the transport package with the provided protection against direct 
impact of precipitation by any transport as long as its permissible speed is observed, without any 
restrictions in distances and heights as per Group Zh according to GOST 23216-78.

9.2. During transportation, general rules for goods transportation by a selected type of transport shall 
be observed. The package shall be located and fastened in the vehicle to ensure its stability, as well 
as to prevent its turnover, falling and hitting other goods and/or walls of the vehicle.

9.3. Do not throw the package during loading and unloading.

9.4. Temperature conditions during transportation: transportation is allowed at the temperature from 
minus 20 °C to plus 50 °C. 

9.5. Store the kit at the temperature from 0 °C to plus 40 °C in its original case.

Note.

The battery life is largely dependent on observing the storage conditions.

Optimal climatic conditions for storage of a nickel-metal hydride battery: temperature from 0 to 25 °C 
and humidity not exceeding 85 %. Under such conditions, the rechargeable battery can be stored for up 
to a year. Leaving the specified temperature range during storage reduces the shelf life. 

A nickel-metal hydride battery can be stored in either a charged or discharged state. It is recommended 
to discharge the battery on load at a current of 0.5–5 A (up to a voltage of 

6–6.5 V) before recharging. If the battery cannot be fully charged after a long period of storage, charge 
and discharge it several times. After a long period of storage, it is useful to make a couple of deep 
charge and discharge cycles.
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