
OPERATION  
MANUAL

“ASSEMBLE YOUR OWN FUEL CELL” Kit
(KFCA)



2

CONTENTS

1. Introduction ...................................................................................................................................................................... 3

2. Safety information ......................................................................................................................................................... 3

2.1. General safety information ............................................................................................................................... 3

2.2. Safety precautions to be taken while working with the kit .................................................................. 3

2.3. Safety precautions to be taken while working with hydrogen ........................................................... 4

3. Operation principle of fuel cells and batteries based on them .................................................................... 5

4. Specifications ................................................................................................................................................................... 8

5. Getting ready for work and working with the kit .............................................................................................. 9

5.1. Unpacking the kit ................................................................................................................................................. 9

5.2. Installation of tools for assembling a FCB .................................................................................................. 9

5.3. Assembling the FSB ...........................................................................................................................................12

5.4. Assembling and working with FCB-based ECG mock-up ...................................................................19

5.5. Manufacturing FCB housings by 3D printing  .........................................................................................28

6. Basic functions and measured parameters ........................................................................................................29

6.1. Basic functions .....................................................................................................................................................29

6.2. Measured parameters.......................................................................................................................................29

7. Additional instructions for operation ...................................................................................................................30

8. Transportation and storage ......................................................................................................................................31



3

1. INTRODUCTION

Using the “Assemble Your Own Fuel Cell” Kit, KFCA (hereinafter referred to as the kit), the user can 
on his own assemble a fuel cell battery (FCB) from individual components and an electrochemical 
generator based on FCB with the capacity of up to 30 W, and start and check the electrochemical 
generator in operation.

This manual uses the following abbreviations:
FCB – fuel cell battery; 
MEA – membrane-electrode assembly: a single fuel cell consisting of an anode, cathode, and 
electrolyte separating them, made in the form of a solid-polymer proton-conducting membrane
SPE – solid polymer electrolyte
FC – fuel cell
ECG – electrochemical generator 

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 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

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

• It is prohibited to disassemble and repair the kit components 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 room where work is carried out with the kit shall be properly ventilated and equipped with 
primary fire-fighting means. 

• Observe the polarity when connecting the external electrical load, do not short-circuit the output 
terminals on the board.

• The kit shall always be used only under the supervision of fully qualified staff.
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• Only people familiar with the operation manual and trained in safe work methods are authorized 
to use the kit. 

• It is prohibited to disconnect gas lines connecting the kit components during the FCB operation.

• It is prohibited to leave the operating equipment of the kit with the hydrogen cartridge and 
power supply unit connected without supervision.

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 near open sources of fire, do not use open flame sources near the 
kit. 

• Do not place the equipment close to heat sources. Do not expose the equipment to direct 
sunlight. Do not expose to temperatures above 50 °C.

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

• Prior to the beginning of work, examine visually and make sure that the gas lines (pipes) 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.
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3. OPERATION PRINCIPLE OF FUEL CELLS  
AND BATTERIES BASED ON THEM

Fuel cells, according to the operation principle, are similar to ordinary galvanic cells (“small 
batteries”) and storage 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 produce 
electricity as long as there is a stock of hydrogen and air 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 sources.

FCBs are highly efficient, work with almost no noise and vibration and do not produce large 
amounts of greenhouse gases such as carbon dioxide, methane and nitrogen oxide. And for fuel 
cells powered by hydrogen, the only emission product is water.

The fuel cell power supply system, which uses hydrogen as fuel, is designed to provide energy to a 
variety of equipment, such as cars, drone aircrafts, robotic products and many other, enabling them 
to reach a higher energy level.
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The operation principle of hydrogen fuel cells is schematically depicted in Figure 1.

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

The anode and cathode 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. 

The following are the reactions that take place:
Reaction on the anode: 2H2 → 4H+ + 4e-

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

On the anode catalyst, hydrogen gives off electrons to the external electrical circuit, transforming 
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 through 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.
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The diagram in Figure 1 represents a simplified fundamental structure of FCB, which does not reflect 
some important structural components, and it shows only one MEA in the composition: anode-
membrane-cathode. In fact, a single MEA can generate only about 1 V, so the real FCB contains from 
a few to dozens of MEAs connected electrically in series (up to the desired voltage level) and usually 
structurally assembled in a stack in the form of a “layered cake”. 

It is necessary to supply fuel and oxygen (air) to each anode and cathode of the FCB. Besides, it is 
necessary to provide good electrical contact between cathodes and anodes of neighboring MEAs. 
For these purposes, the so-called bipolar plates are used in the FCB (which have two operating 
sides – one is in contact with the anode, and the other with the cathode). They have profile channels 
for distribution of gas flows over the entire area of electrodes and have a high electrical conductivity.

Moreover, it is necessary to organize the most uniform and separate supply of working gases from 
the outside to the anodes and cathodes of each MEA to ensure tightness and durability of the entire 
structure of the FCB, as well as to organize an effective collection of electric current on boundary 
current terminals (current collector plates), which are connected to electrical outputs from the FCB 
to the load. 

The kit includes all necessary components from which it is possible to assemble an operating FCB 
model. If the FCB voltage depends on the number of MEAs in the assembly, the current generated 
by the FCB depends on the area of the working surface of the electrodes. Therefore, assembling the 
model from a different number of MEAs connected in series, we receive a FCB for different voltage 
and power levels with approximately equal current.
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4. SPECIFICATIONS

Name Parameter

Type of FCB Hydrogen-air

FCB capacity (as part of a full kit of MEA*), rated, W 25 to 30

FCB voltage (as part of a full kit of MEA*), rated, V 8 to 12

Idle run voltage (as part of a full kit of MEA*), rated, V 12 to 14.5

FCB mass, kg, max. 0.4

Requirements for hydrogen purity, % of hydrogen, min.  
(purity of at least A grade as per GOST 3022-80) 99.99

Time to reaching the FCB mode from the gas supply moment, min. 5

Maximum number of MEAs in FCB, pcs. 15

Number of fuel elements in FCB, pcs. 10

Type of filler in metal-hydride cartridge AB5

Type of purge valve Solenoid

Operating temperature, °C plus 15 to plus 40
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5. GETTING READY FOR WORK AND WORKING  
WITH THE KIT

5.1. 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 it to see if there is any sign of mechanical 
damage. In case any damage is discovered, contact the manufacturer.

5.2. Installation of tools for assembling a FCB

Parts and equipment of the kit are placed in several compartments of the packing case. For the 
convenience of further work, place all components of the kit on the desktop next to the dedicated 
place for assembly. The explanatory drawings and diagrams in this manual will help you to 
understand the purpose of individual parts, as well as the FCB assembly procedure.

The following tools are required to assemble the kit components: 

• L-shaped allen key (for threaded elements for the FCB assembly); 

• 10 mm wrench (for bolts and nuts to tie up the FCB); 

• 7 mm wrench (for nuts to fix the FCB terminals); 

• 5.5 mm wrench (for bolts and nuts to fix the casing with the fan on the FCB housing); 

• Phillips screwdriver (for screws to fix the FCB assembly in the housing).

ATTENTION! Prior to the beginning of work with the kit, make sure to clean the workplace from dirt, 
dust, chips and other debris.

Please remember that any small foreign objects caught 
between the assembled components of the FCB due to 
the assembler’s carelessness, can not only disrupt the 
correct course of processes at the subsequent launch 
of the FCB, but also cause damage, as well as leakages 
between the mating parts and hydrogen leakage.

Find the structural components of tools for the FCB 
assembly, which is a set of aluminum sections (laths) 
20 × 20 mm in size:

а) 3 laths 150 mm long; 

b) 1 lath 100 mm long;

b) 2 laths 80 mm long.

Figure 2 – Aluminum sections (laths)

а)

b)

c)
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Figure 3 – Components and tools (L-key) for fastening the laths

To assemble the structural section, corner connectors 
(Figure 3) shall be installed in the appropriate 
aluminum section guides located on each of the 
four sides, and then use a threaded component 
to fix the corner connector in the right place. The 
protruding end of the corner connector (Figure 4) is 
inserted into the groove of another section and fixes 
the mutual assembly of sections using the threaded 
component. 

The tooling for assembling the FCB assembly is 
shown in Figure 5:

Figure 5 – Tooling (frame) for the FCB assembly

 

Figure 4 – Aluminum section with inserted corner 
connectors
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Please note that in the base of the frame the side guides are placed not along one straight line, but 
so that the base forms an asymmetrical cross, as shown in Figure 5. In this case, a lath 100 mm long 
is used for the central part of the base, laths 80 mm long are used for the side parts of the base, and 
laths 150 mm long are used for the vertical parts of the tooling. After fixing the structure with corner 
connectors, close all free end pieces of the section with plastic plugs as shown in Figures 5 and 6.

The distance between two red planes according to Figure 6 should be set as close as possible to 
37 mm.

To properly fit the tooling components, 
one can use a bipolar or monopolar 
plate (Figure 12) and easily verify the 
mutual position of the laths with its help: 

• Assemble the entire frame, as shown 
in Figure 5, mutually fixing the 
structure with corner connectors, 
but without tightening the threaded 
components (so that the section laths 
could freely move along the guides of 
mating laths).

• Fasten the middle vertical lath to the 
stop (plastic cover) of the horizontal 
part of the tooling, as shown in Figure 
7 (red arrow) and fix in this position, 
tightening the threaded components.

Figure 6 – Base of the frame for FCB assembly

37
 m

m

Figure 7 – Fixing position  
of the middle vertical section
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• The other parts should be adjusted and 
fixed in such a way that the FCB monopolar 
(bipolar) plate was placed in the tooling, as 
shown in Figure 8 (top view). The monopolar 
(bipolar) plate is placed symmetrically 
relative to the central horizontal lath with 
the same protrusions on both sides beyond 
its edges. Please note that the long sides 
of the monopolar (bipolar) plate lie on the 
same generatrix with the lateral sides of the 
corresponding side laths that form the base of 
the tooling. In this position of the side laths of 
the base, tighten their threaded components, 
fixing the position on the central lath of the 
base.

• Push the two remaining vertical laths towards 
the short sides of the monopolar plate close 
(but not clamping the plate too tightly to be 
able to pull it out) and secure in this position 
by tightening the threaded components.

5.3. Assembling the FSB

Please find a bag with copper current collector and textolite clamping plates. Please note that 
current collector and textolite clamping plates are different and match in pairs in shape, as shown 
in Figure 9. 

Figure 9 – Clamping plates (at the bottom) and copper current collector plates (current collectors)  
corresponding to them

Figure 8 – Correct mutual position  
of the tooling laths for FCB assembling,  
set with the use of a monopolar plate
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Choose the clamping plate and the paired current collector plate that match the one on the right 
side in Figure 9. The selected clamping plate has two additional holes on the sides. Insert two push-in 
fittings from the outside (the side where there is no groove for the current collector plate) and screw 
them in until stop by hand, as shown in Figure 10.

Figure 10 – Clamping plate with push-in fittings inserted

Place the clamping plate with push-in fittings inserted into the prepared tooling for the FCS 
assembly, placing it with its fittings down, and place a corresponding current collector plate in the 
groove of the clamping plate, as shown in Figure 11 (top view and side view).

Figure 11 – Tooling for assembling the FCB with inserted clamping plate
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Find a separate bag with cathode and anode monopolar plates (Figure 12). Both monopolar plates 
have narrow and deep transverse grooves across the full width of the plate (gas passages for air) on 
one side. On the other side, the cathode monopolar plate is smooth, while the anode monopolar 
plate has wide shallow longitudinal grooves (hydrogen channels) and is very similar in structure to 
the bipolar plate. Therefore, when assembling and disassembling the FCB, always keep it separate 
from the bipolar plates. 

Anode and cathode monopolar plates are named after the FCB electrode (current collector plate 
and electric output connected to it) with which they come into contact.

Figure 12 – Cathode and anode monopolar plates  
(view from the air channels)

Take the anode monopolar plate and place it on top of the current collector plate with the air 
channels downwards, as shown in Figure 13.

Figure 13 – Assembly view after installation of the anode monopolar plate
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Find a separate package with MEAs – membrane-
electrode assemblies (the bag with MEAs is in the 
common compartment of the supplied package with 
monopolar plates).

The MEA consists of an inner active area (working 
electrodes) of dark color and an outer light strip 
along the perimeter of the bearing membrane 
projecting from under the electrodes (this part of 
MEA is designed for gas-tight sealing of the working 
surfaces of the MEA). Please note that on one side 
the bearing membrane is flat, and the second side 
has a small ledge at the edge along the perimeter – 
this is a seal gasket glued to this side, which should 
fall into the corresponding groove of the upper side 
(Figure 13) of the anode monopolar plate. 

Note – In the special modification of the kit, seal gaskets are not glued to the MEA and are supplied 
separately in the kit. In this case, the User should on his own lay the gaskets between the MEA and 
the anode monopolar plate, and further between the MEA and bipolar plates into the corresponding 
notches on the anode and cathode sides of the bipolar plates. In this case, it is necessary to pay 
attention to the marks in the form of a readable inscription “Ca” on the cathode side, so as not to 
confuse the anode and cathode sides of the MEA: the anode side of the MEA should always be paired 
with the anode surface of the plates (hydrogen channels) and the cathode side – with the cathode 
surface (air grooves). 

Both anodic monopolar and similarly arranged bipolar plates have two differently arranged sides – 
cathode and anode. The cathode side of the plate with deep transverse grooves is intended to 
supply air to the MEA cathode and to divert air with partially generated oxygen back into the 
surrounding space. Air grooves on both sides of the plate communicate with the atmosphere and 
the required air flow is created by a fan. The anode side of the plate is arranged in a completely 
different way. Wide and shallow longitudinal channels in this side serve to feed and distribute the 
hydrogen flow along the MEA anode surface. In contrast to air, the entire hydrogen path of the FCB 
shall be sealed. Hydrogen is supplied and distributed to individual MEAs via two through holes in 
the anode monopolar and bipolar plates communicating with longitudinal channels of the plates 
for the hydrogen inflow. Two symmetrical holes on the other side of the plates serve to collect the 
remains of unreacted hydrogen and other reaction products appearing on the anode side and to 
bring them outside. Through holes in the plates in a fully assembled FCB clamped for sealing form 
communicating channels-collectors of the common hydrogen path.

ATTENTION! There are stiff requirements for cleanliness and neatness when working with 
membrane electrode assemblies (MEA). Grab the MEA only by the outer light areas or edges on 
the perimeter. Avoid touching or grasping the central, dark-colored active areas with your fingers! 
This can damage or stain the sensitive active layers of the MEA electrodes, resulting in a drop in 
performance and premature failure.

Figure 14 – Membrane-electrode assemblies
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Place any of the MEAs on the anode monopolar plate with the sealing gasket down into the 
corresponding groove of the anode monopolar plate. Make sure that the MEA anode gasket rests 
well in the groove of the plate. Do not allow dust or dirt enter the slot during assembly. If there are 
separate gasket seals in the kit, first place the elastic gasket in the groove of the anode monopolar 
plate and put the MEA anode side down on top of it (the cathode side with the “Ca” inscription will 
be on top).

Find a separate bag with bipolar plates similar in appearance to the anode monopolar plate. Place 
any bipolar plate on top of the MEA lying on the anode monopolar plate with the cathode side with 
transverse grooves down.

Next, place the MEA and bipolar plates with gasket seals inserted in-between alternately in the 
order described above in the amount required for further experiments. The full FCB consisting of 
15 MEA will ensure maximum voltage and power of the FCB for further experiments. Moreover, it is 
the FCB from the complete MEA assembly that is most conveniently fixed in the housing with the 
fan and is optimally provided with uniform, sufficient air flow from the fan mounted on the housing 
in the delivery condition. To mount FCB assemblies with a different number of MEA, the kit allows 
3D-printing of individual FCB housings for a specific number of MEA in the FCB (see section 5.5 of 
this manual).

Note – There is one special plate in the set of bipolar plates, which differs by the presence of a small 
milled notch in the middle. The notch is designed to hold the head of the FCB temperature sensor. 
During assembly, this plate should be placed in the central part of the FCB, i.e. after a half of the 
planned number of MEA has been placed. The plate with the notch is placed in the delivery condition 
along with two monopolar plates. The cable with a temperature sensor and its description are given 
in Figure 24 and its explanations. When assembling the FCB, the temperature sensor head shall be 
carefully inserted  into the corresponding notch on a special bipolar plate, and the sensor wires shall be 
passed outside the FCB through the channel nearest to the notch for air flow through the FCB.

When placing the bipolar plate with the temperature sensor mounted on the cathode side on top 
of the MEA in the assembly, make sure the sensor wires 
are positioned exactly in the air channel and are not 
accidentally caught between the protrusion of the air 
channel and the MEA!

Place the cathode monopolar plate with the side with 
cross grooves for air passage downwards and the flat 
surface upwards on the last MEA of the selected FCB 
assembly. 

Find M6 x 120 mm clamp bolts (Figure 15,a).

Figure 15 – Fasteners  
for FCB assembly

а b c
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Insert clamp bolts from below into the holes in the support clamping plate as shown in Figure 16.

Place the second (cathode) copper current collector plate (Figure 9) on the flat surface of the 
cathode monopolar plate similar to the bottom current collector plate and place the remaining 
textolite clamping plate on top of it so that the current collector plate enters correctly into its groove 
and the rounded ledges of the top clamping plate are on the same side as the bottom one.

Fasten the FCB assembly using washers and nuts from the mounting kit (Figure 15,b) and wrenches 
from the kit set as shown in Figure 17.

When performing this operation, be careful not to move the components of the assembled FCB 
from the correct mutual position – for this purpose, tightly hold the upper clamping plate on the 
common assembly, screwing the nuts on bolts until the structure is fixed with the fastener. 

When tightening the FCB, use the method of gradual tightening of nuts crosswise to avoid distortion. 
Tightening the FCB fully with wrenches will require quite a significant force to ensure the structure 
is properly sealed and to prevent hydrogen leakage. 

In the process of tightening the FCB it is recommended to periodically carefully inspect the gaps 
between the MEAs and the plates. If any of the seal gaskets is not properly placed in the groove 
on the bipolar plate, the gap will be visually larger in this place. In this case, it is necessary to 
eliminate the assembly error and properly place the gasket in its groove by unscrewing the nuts 
from mounting bolts (and then, if necessary, partially disassembling the FCB).

Correct FCB tying is determined by the same size between the external surfaces of the FCB clamping 
plates, which should ideally be 90.1 mm (for a complete assembly of 15 MEA, and for other 
incomplete assemblies the size is calculated independently), controlled periodically during tying 
with a caliper from different sides (the size should be the same to prevent distortion of the structure).

Figure 16 – FCB assembly with clamp bolts inserted
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Figure 17 – FCB in assembled state tied with fastener

The final step of the FCB assembly is to arrange electrical switching of the FCB by using the parts 
shown in Figure 18.

Figure 18 – Parts to arrange electrical switching of FCBs

a b c

To ensure convenience of connecting the external load, the terminals of the FCB electric outputs are 
located on one side – anode clamping plate. The black terminal (contact “-” of the FCB) contacts 
directly electrically with the anode copper current collector plate, for which the plate protrusion with 
an opening for the terminal pin passage is designed.

A short wire adapter with ring terminal leads at the ends (Figure 18,c) is attached on one side of 
the red terminal pin by a nut (contact “+” of the FCB), and on the opposite side of the FCB it is fixed 
through the corresponding hole with a cavity in the cathode clamping plate with a set of fasteners 
for the cathode wire (Figure 18,b), as shown in Figure 19. 
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5.4. Assembling and working with FCB-based ECG mock-up

The assembled FCB has two push-in fittings for connecting the hydrogen fuel supply system and 
removing anode gases (Figure 10), two electric terminals for connecting the load, as well as holes on 
the sides of clamping plates (Figure 19) designed for mounting the FCB in the housing with a fan.

Mounting FCB in the housing

Take the FCB housing with a fan attached to it (Figure 20). On the walls of the housing, there are 
two rows of holes, 4 in each wall. Screws are inserted into these holes (Figure 15, c). They are 
used to fasten the FCB inside the housing through the holes in the sides of clamping plates. The 
distance between the two rows of holes in the housing allows fixing a properly tightened FCB of a 
full assembly of 15 MEAs in the housing. 

To improve the efficiency of air pumping by the fan through the FCB, the fan is inserted into a 
rectangular casing, which concentrates the air flow in the axial direction of the FCB – fan and is fixed 
to the FCB housing with 4 bolts.

Figure 19 – FCB assembly with performed electrical switching
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The assembled FCB in the housing with a fan is shown in Figure 21.

Assembling the electrical circuit

To assemble a working electrical circuit it is necessary to connect the electronic load, control board 
and FCB with cables from the kit, as shown in Figure 22. 

The kit cables have individual different connectors, which will not allow the places of their connections 
to be confused.

Figure 20 – Housing with a fan Figure 21 – FCB fixed in the housing with a fan

Figure 22 – Electrical circuit assembly
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There are 4 different connectors in the control board housing (Figure 23). The upper connector 
is designed to connect the connecting cable plug to the electronic load (Figure 24). Three side 
connectors are used to connect:

• the cable from the purge valve (Figure 26),

• the cable from the fan (Figure 20),

• the power supply cable from the FCB (Figure 24). When connecting the cable to the FCB terminals, 
observe the polarity: one of the plugs with the corresponding label (or inscription) “5 V” or “15 
V” is connected to the red terminal, and the black plug is connected to the black terminal.

The cable to connect the FCB to the connector of the control board (in turn, the FCB is connected to 
the electronic load through the control board) has: 

• 3 single-pin connectors: a black one to connect to the FCB “-” output and two red ones to 
connect one of them to the FCB “+” output. Red connectors are labeled “5 V” and “15 V”. As a 
cable version, a blue wire is used for the “15 V” output and a red wire is used for the “5 V” output. 
The connector labeled “5 V” is connected to the FCB with 5 MEA, and the connector labeled 
“15 V” is connected to the FCB with 6–15 MEA. 

Figure 23 – Control board in the housing

Figure 24 – Cable to connect the FCB to the load through the control board (left)  
and cable to connect the electronic load to the control board (right)
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• cable with a temperature microsensor (thermistor) at the end. The sensor mounted (as described 
above) in the process of the FCB assembly on a special bipolar plate with a milled central pad 
is designed to measure the temperature inside the FCB. The signal from it is processed by the 
control board, which, depending on the FCB measured temperature, automatically determines 
the optimal mode of the fan operation (“maximum efficiency mode” of the FCB, from which the 
fan is powered). If the temperature sensor or its connection is damaged, the fan will operate in 
the maximum mode. In this case the signal LED on the rear side of the control board housing 
will change its color from green to orange (temperature sensor circuit failure signal). It is always 
necessary to connect the temperature sensor to the FCB. Otherwise the control electronics will 
not provide adequate operation of the fan, and overheating of the FCB is possible. 

The cable for connecting the electronic load to the upper connector of the control board (Figure 24, 
right) has 3 electrical leads: a black one to connect to the “-” input of the electronic load and two red 
ones to connect one of them to the “+” input of the electronic load. Red wires are labeled “5V” and 
“15V”. As a cable version, a blue wire is used for the “15 V” output and a red wire is used for the “5 
V” output. The wire labeled “5 V” is connected to the load when operating with a FCB with 5 MEA, 
and the wire labeled “15 V” is connected when using a FCB with 6–15 MEA.

Description of the electronic load adjustments

13

4

5
2

Figure 25 – Electronic load

6

Standard electronic load ZPB30A1 (Figure 25) is used in the kit to measure parameters and control 
charging of batteries, which is used in this case to set different load modes of the FCB. Electronic 
load has two operating modes: the electronic load mode and the mode of measurement of energy 
characteristics for the connected electric energy source with measurement of the generated charge 
in ampere-hours (Ah) and generated energy in watt-hours (Wh). The electronic load mode is enabled 
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by default in the delivery state.

Electrical energy transferred to the electronic load is converted into heat, which is emitted to the 
surrounding air by a radiator (in Figure 25 it is located on top). 

ATTENTION! The support part of the electronic load board does not have a protective housing. 
Always place the electronic load on a non-conductive (dielectric) pad during operation to avoid 
short-circuiting of bare electrical contacts of the board. 

The load radiator cooling fan turns on automatically according to built-in algorithms. Do not touch 
the fan during operation to avoid injury or damage to the fan.

The following items are marked in Figure 25:

(1) – clamping connector using screws to connect two wires of the cable connecting the load to the 
control board (Figure 24, right). The polarity of the terminal clamps is marked on the load board 
next to the connector; the wire in red insulation has a “+” sign and is connected to the clamp with a 
“+” sign, and the wire in black insulation has a”-” sign and is connected to the “-” sign of the board;

(2) – encoder that helps to adjust the settings within the selected mode. Single pressing on the 
encoder changes the adjustment parameter (voltage or current) and the digit place of the numerical 
value of the selected parameter available for adjustment. By consecutive pressing the encoder, all 
possible modes of adjustment, etc. become available in a circle. Turning the encoder clockwise or 
counterclockwise changes the value of the selected parameter;

(3) – standard connector for connecting the power supply cable, which provides power supply to the 
components of the electronic load board as such and the cooling fan;

(4) – screen (digital display), which displays the current operating parameters of the FCB depending 
on the mode set: in the load mode – voltage on load (V); in the energy characteristics measuring 
mode – by the repeated cycle alternatively voltage on load (V), change in capacity in ampere-hours 
(Ah), and produced energy in watt-hours (Wh). In this case, the parameter displayed will be marked 
by a LED lit next to the display;

(5) – screen (digital display) displaying current on load in all operating modes;

(6) – multifunctional start/stop button. In the process of operation with the energy source it 
connects/disconnects the electronic load to/from connector (1) by single pressing.

There are 7 alarm LEDs next to the screens:

• there are three LEDs on the right of screen (4): the lit LED indicates the parameter that is currently 
displayed on screen (4);

• there are two LEDs on the right of screen (5): the lit upper LED (A) indicates that the current 
control mode has been chosen; the lit red “RUN” LED indicates that the electronic load is 
connected to connector (1); in the “RUN” state screens (4) and (5) show the effective voltage and 
current values on load; the flashing “RUN” LED together with the acoustic signal indicates that 
the voltage control mode is beyond the set voltage or another connection error has occurred; 
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• two LEDs between the screens: the lit LED indicates the digit position strictly above and below on 
screens (4) or (5), which can be changed by rotating the encoder clockwise or counterclockwise.

1. Choosing the load mode. 

Подключить к прибору блок питания (вставить в сеть вилку сетевого блока питания, 
Connect the power supply unit to the device (plug in the mains power supply unit connected to 
connector (3) or connect the power supply unit connected to the mains to connector (3)), keep 
the start/stop button (6) pressed until “Fun*” is displayed on the upper display (4), and release 
the start/stop button. Then set the desired mode by turning encoder (2): “Fun1” – electronic load 
mode, “Fun2” – battery capacity test mode (measuring the energy characteristics of the FCB). 
Press the start/stop button once to confirm the mode selection. 

Then inscription “bE*” will be displayed on the upper display (4). Turn encoder (2) to set the 
desired acoustical signal mode: “bEon” – the buzzer is on, and “bEoF” – the buzzer is off. Press 
the start/stop button once to confirm the selection. 

The load will go to the selected mode, while the electronic load is disconnected from connector 
(1), and the “RUN” LED is not lit.

2. Electronic load mode. 

If no mode has been selected under the previous item, when the power supply unit is connected, 
the load will be loaded in the previously stopped state: the “RUN” LED is off. Otherwise press the 
start/stop button to disconnect the load from the connector (1) terminals. 

Further actions are performed with wires connected to connector (1) and the FCB running. 

Set the lower voltage value. For this purpose, press the encoder repeatedly to make the upper 
LED (V) on the right side of screen (4) and simultaneously one of the LEDs between the screens 
under the desired voltage numerical value register to light up. Turn the encoder clockwise/
counterclockwise to set the desired voltage value (to be selected as described in item 4). 

It is advisable to set the current to a minimum value (0.2 A for the given load). For this purpose, 
press the encoder repeatedly to make the upper LED (A) on the right side of screen (5) and 
simultaneously one of the LEDs between the screens above the desired current numerical value 
register to light up. Turn the encoder to set the minimum current value.

Press the start/stop button. The red “RUN” LED will light up and the screens will display the 
actual load voltage and current values. In the “RUN” state only the amperage can be adjusted 
and pressing the encoder one can change the adjustable current value register. Now, by turning 
the encoder, you can gradually increase the amperage from the FCB, which the electronic load 
tends to maintain. The voltage on load will change accordingly. When the current increases so 
much that the voltage drops below the set value, the red “RUN” LED goes into the flashing mode 
and at the same time the acoustic signal turns on (if it has not been disabled when selecting the 
mode). From this moment, the automation equipment of the load unit will not allow increasing 
the current further, and only the current reduction will be available until the mode supported by 
the load with a voltage not lower than the preset value is achieved. 
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By consecutively registering the values of voltage and current in each enabled mode, you can get 
an array of data (Ui, Ii) to build a volt-ampere characteristic of the FCB. 

If you want to change the voltage setting, you should exit the “RUN” state by pressing the start/
stop button: the red LED will turn off and the voltage setting adjustment will become available.

3. Energy characteristics measurement mode. 

In fact, this is an extended mode of electronic load with additional functions of measuring energy 
parameters. If the purpose of work is to take the volt-ampere characteristic of the FCB, it is more 
convenient to use a simple mode of electronic load. 

Voltage and current settings in this mode are completely similar to those described earlier for 
the electronic load mode. 

When you start the load after the preliminary adjustments are made in the “RUN” state, the 
upper screen displays alternately the actual values of voltage, capacity change and energy. The 
displayed parameter will be indicated by the currently lit LED on the right side of the screen. 

In the “RUN” state, current adjustment will also be available. If the set current value exceeds 
some value where the voltage drops below the setting, the upper screen goes into the flashing 
mode accompanied by an acoustic signal. Exiting this mode by pressing the start/stop button, it 
is possible, by rotating the encoder, to view successively the voltage and the final values of the 
capacity change and the energy delivered by the FCB.

In all modes, when the limits are exceeded or other failures occur in the “RUN” state, the start/
stop button shall be pressed to reset the alarm settings. After leaving the “RUN” state, you can 
make any necessary adjustments to the settings.

4. Setting voltage limits. 

ATTENTION! To avoid rapid degradation of the FCB parameters and its premature failure, it is 
necessary to avoid exceeding the FCB current value of 4.5 A.

The electronic load used requires a mandatory setting of the lower voltage limit (built-in algorithm 
for testing battery parameters) in any mode. When examining the electrical parameters of the 
FCB, this function is used as an indirect way to limit the maximum current. 

Voltage value Un (V) set is determined by the formula: 

Un = 0,6 × n

where n is the number of MEA in the tested FCB assembly.

For example, for a FCB with a complete 15 MEA assembly, the voltage value set will be 9 V. 

The proposed formula is quite approximate. If, using the calculated setting values, the allowable 
currents are too low, the setting should be lowered somewhat. In any case, it is necessary to 
monitor the current value on display (5), so as not to set the operating current value above 
4.5 A.
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ATTENTION! Do not short-circuit (with each other or the kit component housings) any wires 
and terminals of the kit’s electrical circuit assembled in accordance with the standard wiring 
diagram. It can cause failure of the equipment of the kit. Insulate the free ends of the cables of 
the kit (labeled “5V” or “15V”, Figure 24) that are not in use during the current experiment from 
possible contact with the kit components. Before switching on the assembled kit circuit, make 
sure there are no foreign conductive objects that can lead to accidental short-circuiting of bare 
contacts of the kit with each other or on the control board housings, the electronic load and the 
FCB structural components.

Connecting the gas reducer and purge valve to the FCB

Two push-in fittings of the FCB (Figure 10) are used to connect the hydrogen fuel supply system and 
anode gas outlet. Meanwhile, it does not matter which one is used for hydrogen supply and which 
one is used for the output of waste products (system purging).

To assemble the gas line you will need two plastic gas tubes, a purge valve assembled with a power 
cable, and a reducer (Figure 26).

Figure 26 – Purge valve with a cable (left) and reducer (right)

Insert the end of one plastic tube tightly into the hole of the first push-in fitting, and the second end 
of this tube should be connected to the reducer outlet, previously having passed the tube through 
a plastic clamp (located in the bag with tubes). This clamp will be used later to open and close 
hydrogen supply to the FCB when the reducer and the metal-hydride cartridge with hydrogen are 
connected. To connect the free end of the tube to the reducer, proceed as follows:

• unscrew the union nut from the reducer (Figure 26, top),

• slide the tube into the nut and tighten it until stop on the reducer nozzle,

• screw the nut on the reducer by hand.

The end of the second plastic tube shall be tightly inserted into the hole of the second push-in 
fitting, and the other end shall be placed on the metal nozzle of the purge valve until stop.
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Connecting hydrogen cartridges to the reducer

The hydrogen cartridge is connected last before the start of the FCB, when the entire circuit is 
assembled and ready for operation.

Before screwing the cartridge into the reducer, make sure that there is a plastic seal gasket in the 
groove on the end of the reducer (in Figure 27, the white gasket ring can be seen on the right end 
of the reducer facing the cartridge connecting screw nozzle). Screw the cartridge into the reducer 
clockwise until stop 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, hold the cartridge in one 
hand and hold the reducer firmly with the other hand, controlling the tightening force. 

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.

Note – It is recommended to connect the hydrogen cartridge to the reducer last, before starting 
the FCB, when the entire circuit is assembled and ready for operation, and after the work is done, 
immediately unscrew the cartridge from the reducer. In this case, the risk of hydrogen leakage from 
the open cartridge will be minimal.

After the ECG mock-up system is fully assembled, and the control board is connected through 
the power supply (adapter) unit to the household mains, to begin the work you need to supply 
hydrogen to the FCB (by screwing the metal-hydride cartridge in the reducer and opening the clamp 
on the supply plastic tube). Then the system will start itself, and the control board will provide the 
necessary mode of its operation.

ATTENTION! When operating the FCB, place the output nozzle, to which the purge valve is 
connected, in the lower position. This will make it easier to remove moisture collected in the anode 
path during periodic purging. Otherwise, when the FCB is operating for quite a long time, water 
may accumulate in the anode channel and impede the course of correct electrochemical processes.

Fuel (hydrogen) and oxidizer (air oxygen) are required for the FCB operation. 

Hydrogen from the cartridge enters the FCB through the reducer. 

Oxygen is supplied to the reaction zone by blowing atmospheric air through open channels of the 
FCB cathode surfaces by the axial fan. Air is needed not only for the electrochemical reaction. In the 

Figure 27– Reducer and cartridge with hydrogen
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process of the fuel cell operation its temperature will increase (the electrochemical reaction of fuel 
oxidation occurs with heat emission, because the efficiency of the reaction energy conversion into 
electricity does not reach 100 % and a part of the energy is converted into heat), and to avoid the 
fuel cell overheating, air additionally serves as a fuel cell cooler.

To clean the internal FCB system from contaminants accumulated in the process of operation, it is 
periodically purged by means of automatic operation (opening with a specified frequency for a set 
short period of time) of the FCB purge valve.

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.

FCB control (setting the duration of purging, as well as intervals between purging) is carried out 
through the control board (programmed by factory settings). 

To shut down the system follow the procedure below:

• Disconnect the cable to the control board from the terminals on the FCB,

• close the clamp on the hydrogen supply tube to stop the hydrogen flow to the FCB,

• disconnect the purge valve from the FCB outlet silicone tube to release any residual hydrogen 
pressure in the FCB,

• disconnect the control board power supply unit from the mains,

• if you do not plan to continue working with the kit, remove the cartridge from the reducer.

5.5. Manufacturing FCB housings by 3D printing 

Working with the kit, it is possible to assemble FCBs with a different number of MEA in the FCB: 
from 5 to 15 pieces. The supplied FCB housing is optimal for a complete 15-MEA FCB assembly, and 
the fan housing is designed for a 40 × 40 mm fan. The delivery set also includes a 35 × 35 mm fan 
(with other mounting dimensions) with a connection cable to the corresponding connector on the 
control board housing, which is used for the FCB assembly of 5 MEA (if there are more MEA in the 
FCB, a 40 × 40 mm fan is used). 

Extended work with the kit involves the use of 3D-printing to produce optimized housings for a 
specific FCB assembly with a certain number of MEA according to own 3D models. 

The delivery set includes a USB flash device that contains: 

• a pdf file with a drawing of the FCB housing from the delivery set, with the specified overall and 
mounting dimensions, 

• a SLDPRT file with a 3D model of the FCB housing from the delivery set, 

• a STL file with a 3D model of the fan casing. 
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The dimensions of the models are given for the housing from the delivery set, optimized for a full 
FCB assembly with 15 MEA, with the fan casing with 40 × 40 mm dimensions. When using a 35 × 35 
mm fan (for FCB with 5 MEA), the casing model shall be redesigned independently. 

Adjustment of the size of the FCB housing for a certain number of MEA in the FCB and the model 
for the 35 × 35 mm fan casing to develop optimal models for 3D-printing is a task for self-training 
of the kit Users. In this case, changing the number of MEA in the FCB assembly (from 5 to 15), you 
need to consider the change in the distance between the FCB mounting holes and the fan casing 
on the FCB housing, as well as to choose the optimal position of the fan on the housing (that is to 
calculate the offset of the mounting holes of the fan casing of different sizes on the FCB housing). 
The models given on the USB flash device will help you to solve these tasks, and you also will need to 
make your own measurements and calculations to correct the FCB sizes depending on the number 
of MEA on the pre-assembled FCB (it is recommended to make initial assembly of a full FCB with 15 
MEA in accordance with the instructions of this manual).

6. BASIC FUNCTIONS AND MEASURED PARAMETERS

6.1. Basic functions

• Measurement of current, voltage, generated energy on electronic load.

• Connection of external electrical load.

6.2. Measured parameters

• Voltage, generated energy and current of the FCB.
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7. ADDITIONAL INSTRUCTIONS FOR OPERATION

IMPORTANT!

• The 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. 

• Channels for air passage through the FCB are small in size. It is necessary to ensure even inflow 
of air without impurities and coarse dust (fluff and other suspended particles that contribute to 
channel clogging) into the FCB. It is prohibited to close or partially block the air intake window 
in the FCB and the air outlet from the fan by different objects. Do not insert foreign objects into 
the fan assembly to avoid damage to the fan.

• When connecting the free ends of the cable leading from the electronic load to the control 
board, observe the polarity shown on the board next to the corresponding connector! It is not 
allowed to short-circuit the outlet terminals on the board!

• For proper operation of the FCB, it is recommended to switch it on and start it every 7–10 days 
for 5–10 minutes in a partial load mode (10–20 W) to restore the MEA membrane humidity. 
Failure to comply with the recommended mode can lead to a decrease in the FCB parameters 
and reduce its lifetime.

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

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

• It is recommended not to place the end of the tube connected to the FCB outlet near the air inlet 
area, as this will shorten the lifetime of the FCB.

• Before hydrogen supply to the FCB is disconnected, it is necessary first to disconnect the external 
electric load.

ATTENTION! Always place the membrane electrode assemblies in a tightly closed sealing casing 
(packing bag) when transporting, storing and interrupting work. If the FCB assembled from the 
kit components is left for storage after work, make sure to also place it in a tightly closed sealing 
package. This will protect chemically active electrode sub-layers of the MEA from interaction with 
various gaseous impurities (solvent vapors, releases of paint and varnish coatings, adhesives, traces 
of smoke, etc.), which may often be present in the ambient air, thus protecting the MEA and FCB 
from rapid degradation of parameters and premature failure.
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8. TRANSPORTATION AND STORAGE

8.1. 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.

8.2. 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.

8.3. Don’t throw the package during loading and unloading.

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

8.5. Store the kit at the temperature from 0 °C to plus 45 °C in its original case.




