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In this study, a large-scale magnetic rotator for hydro-
gen production boosting was designed. The study addres-
ses the challenge of selecting and designing mechanical 
components for a dynamic magnetic field (DMF) magne-
tic rotator in a green hydrogen electrolysis power plant, 
focusing on ensuring component reliability and efficiency 
under operational stresses. The aim is to determine suit-
able machine element materials (shaft, clutch, gears, etc.),  
allowable shear stress, and interconnection mechanisms  
through theoretical and practical evaluations. The me- 
thod includes calculating the allowable shear stress for 
the spline based on carbon steel tensile strength, applying 
safety factors for material properties and load consider-
ations, and determining shaft diameter using torque and 
shock load factors. Standard catalogs guide the selec-
tion of interconnections like clutches, gears, and bear-
ings to ensure compatibility and performance. The results 
indicate that a 95 mm diameter S30C carbon steel shaft, 
with an allowable shear stress of 7.8 kg/mm2, meets the 
design requirements. The chosen spline dimensions and 
a 12.5 MW, 14-pole induction motor align with the sys-
tem’s needs, ensuring reliable operation. The discussion 
highlights the critical balance between theoretical pre-
dictions and practical application in design optimiza-
tion. It underscores the importance of incorporating safe-
ty factors and verifying component suitability to ensure 
robust performance of the magnetic rotator. This study 
provides a comprehensive approach to design optimi-
zation, integrating theoretical analysis with practical  
considerations to achieve optimal performance and reli-
ability. The design output of this study can be used to 
boost the hydrogen evolution reaction in the SIEMENS 
Sylizer 300 electrolysis cell
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1. Introduction

Green water electrolysis holds the promise to make 
a sustainable future of energy. Green hydrogen promises 
that the net zero emission (NZE) goal stated in the Paris 
Climate Agreement will be achieved by 2050 [1]. The term 
green hydrogen comes from the hydrogen color spectrum 
classification based on carbon footprints [2]. Green hydro-
gen is hydrogen produced through zero carbon emission, 
such as water electrolysis with renewable electricity sources. 
Grid sourced electrolysis does not belong to green hydrogen 
due to moderate carbon footprint, so it is classified as yellow 
hydrogen [3]. Nuclear sourced electrolysis or nuclear-hy-
drogen cogeneration plant falls into the pink hydrogen color 
spectrum, because even though it has a zero carbon foot-
print, it poses security risks due to nuclear energy usage [4]. 
When the carbon byproduct is not in the form of CO2, such 
as in methane pyrolysis, the color code is turquoise [5]. 
Therefore, the study to generate the design of a mechanical 

system to support green hydrogen production boosting is 
urgently needed.

Many technical challenges in green water electrolysis 
technologies still exist and need to be tackled. The main 
problem is the low efficiency of electrolysis cells and the in-
volvement of noble catalyst material [6]. There is a tradeoff 
between cell technology and the cost of hydrogen fuel 
production. Sophisticated cell technology will result in 
high hydrogen prices per kilogram while the conventional 
technology has low efficiency (about 67 %) [7]. Currently, 
the smallest hydrogen price per kilogram is still higher 
than the average gasoline, which is $3.00/kg compared  
to $1.50/kg [8]. Hence, most of the current hydrogen pro-
duction is through methane steam reforming, classified as 
brown hydrogen [9]. Therefore, a study to reports the design 
optimization of an extension technology to boost hydrogen 
production from water electrolysis based on the main para-
digm of giving external disruption to allow rapid ionization 
of water is required.
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2. Literature review and problem statement

The paper discusses the breakthrough in improving the 
efficiency of electrolysis cells through external magnetic 
field exposure (EMF). The EMF leverages the magnetic 
susceptibility of water molecules due to their fully filled 
molecular orbitals. The electron pair in the water’s molecular 
orbital aligns the spin pair from the para state (bidirectional 
state with reverse direction +1/2 and –1/2) to the ortho 
state (unidirectional state) [10]. Consequently, the water 
molecule moves away from the EMF source to restore the 
bidirectional spin pair through entanglement, adhering to 
the energy minima principle [11]. Since the water molecules 
do not move far enough from the EMF source, the ortho 
state persists. In the ortho state, the electron pairs in both 
O-H bonds are unstable due to their alignment in the same 
direction, causing the hydrogen atoms to repel each other 
and resulting in a less stable O-H bond compared to para 
water [12]. The simplest method to achieve this condition is 
by placing a pair of magnets around the cathode, exerting Lo-
rentz force towards the diffusion layer [13]. The effect was im-
proved by rotating one of the magnets around the electrode, 
which increases the hydrogen evolution reaction (HER)  
up to 2 times [14]. Further improvement of dynamic magnetic 
field (DMF) assisted electrolysis was by making the rotation-
al speed of the system adjustable, which improved the total 
efficiency and HER of the system by 2.5 times from the initial 
condition [15]. Another approach to improving HER is by 
introducing chaos in the diffusion layer, which increases the 
collision chance during Brownian motion [16]. Several ways 
to control motion in the diffusion layer are available. One 
example is through micelles formation by employing surfac-
tants [17]. But there are still unresolved questions related to 
the practical implementation and scalability of this technology.  
The reasons for these unresolved issues may be that the align-
ment of electron pairs from the para state to the ortho state 
in water molecules requires precise control, which is chal-
lenging to maintain consistently across large-scale systems. 
There might be fundamental limits to how much the EMF 
can enhance HER, particularly in terms of the stability of the 
ortho state of water molecules under prolonged exposure. Im-
plementing dynamic magnetic field (DMF) systems involves 
significant costs, especially considering the materials and ma-
chinery required to generate and maintain the magnetic fields.

An option to overcome these difficulties can be the de-
velopment of more sophisticated control systems for EMF 
exposure, using materials with better magnetic and electrical 
properties, and exploring cost-effective materials and scalable 
designs. The concrete machine design concept for DMF has 
to concern the relationship between the design concept and 
material requirements. The performance of a newly designed 
product largely depends on the absorptive capacity [18]. This 
is related to the material selection process where the chosen 
material has to fit the purposes of the design. For example,  
special treatment has to be applied to improve the biocompa-
tibility of AISI316L steel for medical applications through chi-
tosan immersion [19]. Another example is the use of Epoxy-
FeNdB-Mn, applied to absorb electromagnetic waves, which 
is useful in radar avoidance [20]. In general, surface treatment 
such as surface roughness control and paint is effective to 
inhibit corrosion, making the product more durable [21]. Sur-
face roughness can be controlled during machining by setting 
correct parameters such as cutting direction in milling [22]. 
Another way to improve durability and wear resistance is by  

other material coating, such as fiberglass coating, which shows 
a great strength resistance [23]. Furthermore, the quality 
of the material throughout the application can be examined 
during processing and post-application, for example, using the 
Taguchi method, Promethee, or other design of experiment 
techniques [24, 25]. In this study, the scope of the design is on 
the machine element design and material selection, which is 
essential to provide an effective DMF rotator.

The design in this work is specific for the SIEMENS 
Silyzer 300 proton exchange membrane (PEM) water elec-
trolysis cell. The Siemens Silyzer 300 is a PEM electrolyzer 
designed for efficient hydrogen production through water 
electrolysis [26]. The core of the system features a series of 
PEM cells, where water is split into hydrogen and oxygen 
using electricity via an iridium (II) oxide anode (IrO2) and 
platinum (Pt) cathode. IrO2 is used as an anode material 
due to its conductivity, stability, durability, and corrosion 
resistance [27]. Pt was chosen as the cathode material due to 
its high electron density, representing its capability to deliver 
high amounts of current density [28]. The design emphasizes 
high efficiency, compact footprint, and scalability, allowing 
multiple units to be combined for increased hydrogen output 
in few stacks [29]. Each cell contains a proton-conducting 
membrane sandwiched between two electrodes, with water 
supplied to the anode where it splits into oxygen, protons, 
and electrons. The protons move through the membrane 
to the cathode, where they combine with electrons to form 
hydrogen gas. Selective permeability of the membrane en-
sures efficient separation of hydrogen and oxygen gases and 
sustains the electrolytic process by facilitating continuous 
proton flow while maintaining electrical neutrality [30].

In this study, the principle of machine element design is 
used to design the magnetic rotator module. The principle 
of machine element design involves the systematic process 
of designing individual parts (elements) of a machine to 
perform specific functions within the overall mechanical sys-
tem [31]. This process considers factors such as material se-
lection, stress and strain analysis, load-bearing capacity, du-
rability, manufacturability, and cost efficiency depends on the 
technology readiness level (TRL) target of the design [32]. 
This engineering principle is required to ensure that each 
machine element, such as gears, bearings, springs, and fas-
teners, meets the required performance standards and safety 
margins while optimizing longevity and reliability [33]. The 
goal is to create a cohesive and functional machine by in-
tegrating well-designed elements that work harmoniously 
under expected operating conditions. The aim of this study 
is to provide the design of the DMF rotator elements based 
on the target current density at the cathode.

This study pioneers the integration of DMF to enhance 
the HER rate, directly addressing the persistent challenge 
of low efficiency in conventional electrolysis cells, a prob-
lem widely recognized but not fully resolved in the existing 
literature. Previous studies have identified limitations in 
traditional electrolyzers, particularly in terms of inefficient 
electron transfer and water molecule dissociation, but they 
have not successfully tackled these issues in a scalable and 
sustainable manner. By designing a magnetic rotator module 
with a focus on optimizing material selection and structural 
integrity, this research proposes a novel solution to improve 
system performance. The innovative DMF rotator’s ability to 
manipulate water molecule states and enhance electron spin 
alignment offers a promising approach to overcoming these 
efficiency barriers. This marks the first attempt to optimize  
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the design based on electron target velocity, presenting a sub-
stantial advancement in electrolysis technology. The solution 
not only aims to improve efficiency but also contributes to 
sustainability goals, addressing the larger unresolved prob-
lem of reducing carbon emissions. Grounded in machine 
element design principles, this comprehensive methodo-
logy ensures practical applicability and reliability, offering 
a significant step toward scalable and sustainable energy 
solutions. The aim of this study follows logically from the 
broader unresolved issue of inefficient electrolysis, making it 
a promising direction for future research.

All this allows us to assert that it is expedient to conduct 
a study on integrating a DMF-based magnetic rotator to 
enhance the HER rate. Given the persistent inefficiencies 
in conventional electrolysis systems, particularly related 
to suboptimal electron transfer and water dissociation, this 
research direction is justified by the need for a scalable and 
sustainable solution. The design optimization of the rotator, 
based on material selection and electron velocity targeting, 
promises to address these inefficiencies while contributing to 
the broader goal of reducing carbon emissions and advancing 
renewable energy technologies.

3. The aim and objectives of the study

The aim of the study is to provide a design optimization 
of the magnetic rotator to support a large-scale DMF module 
to be used in the SIEMENS Sylizer 300 PEM electrolyzer. 
This will make it possible to double the hydrogen production 
rate of the SIEMENS Sylizer 300 electrolyzer.

To achieve this aim, the following objectives are accom-
plished:

– to perform a conceptual design of the magnetic rotator 
based on the electron density in the cathode of the SIEMENS  
Sylizer 300 PEM electrolyzer;

– to perform the determination of mechanical parts and 
interconnection based on the conceptual design;

– to perform the selection of mechanical elements for 
each part based on the allowable mechanical stresses.

4. Materials and methods

The research object of this study is the Dynamic Mag-
netic Field (DMF) magnetic rotator, designed to enhance 
hydrogen production in the SIEMENS Sylizer 300 electro-
lysis cell by optimizing magnetic field interactions with the 
cathode. The main hypothesis of this study is that by design-
ing and implementing a modular DMF magnetic rotator, the 
magnetic field will significantly enhance electron velocity, 
improve current distribution, and optimize the hydrogen 
evolution reaction (HER) in the water electrolysis process.

The theoretical methods chosen for this study are based 
on the well-established first principle of the magnetic theo-
rem, which is the Lorentz force and its interaction with the 
electron affecting the electron velocity, both of which are 
critical to understanding the interaction between magnetic 
forces and the cathode during electrolysis. This introduces 
the current scale factor to ensure accurate scaling of the 
current distribution across the cathode, which is considered 
a key factor in uniform hydrogen production.

The conceptual design of the DMF magnetic rotator 
started from the target electron velocity. The rotator com-

ponents have to cover the entire cathode plate area of the 
SIEMENS Sylizer 300 module. However, it is impossible to 
construct a 1:1 magnetic face since there are 24 modules of 
cathode and anode pairs on the stack. As a result, the design 
constraint is L = Hm where L is the length of the magnets, and 
Hm is the height of the module, which is 4 m. The magnet 
strength was measured by Lorentz force using equation (1). 
The v symbol in equation (1) represents the electric current 
velocity while the electron velocity is ve included in the 
current density equation in equation (2), which consists of 
the number of moles of the electrons (n), the Faraday con-
stant (F) 96.485 C·mol–1, and the area of the electrode (A).  
In equation (3), the moles of the electron are represented as 
the electric current over the charge. This information was use-
ful to form equation (4) where the current scale factor (ISF) 
was introduced at the cathode so that CD is the cathode vo-
lume dimension. The scale factor can be depicted as the current 
spread all over the cathode to form the inner Helmholtz layer.

The design concept used to build the DMF magnetic ro-
tator is a modular design concept. The modular design allows 
the part to be disassembled, which eases the displacement. The 
ease of displacement is considered to ease the maintenance 
operation when the magnets need to be replaced or cleaned. 
In this work, the magnets were neodymium N52 magnets with 
the dimension of 40×10×5 mm. The magnets were placed as 
an array with two sides (north and south) connected with  
a single plate in between of both sides. The connected mo-
dules were then placed on top of a block attached to the rota-
tor shaft. The entire component was attached with fasteners. 
The total weight of the component was 629.0425 kg. The 
weight becomes the basis to choose the electric motor based 
on the operational power calculation using equation (5) and 
visually using the general motors (GM) chart:

F q v BL e= ×( ), (1)

j nF AvL e= , (2)

n
I
q

= , (3)

vB
s

CD n ISF= × × , (4)

P =
× ×τ π ω2

60
. (5)

Formulas (1)–(5) use the following symbols:
– FL – Lorentz force (N);
– q – charge at the cathode (C);
– ve – current speed at the cathode (m·s–1);
– j – current density (A·ms–2);
– A – electrode area (m2);
– I – amount of current (A);
– B – magnetic field strength (T);
– CD – cathode volume dimension (m3);
– n – current carried by the electron (A·C–1);
– ISF – current scale factor;
– s – magnetic field exposure time (s);
– P – mechanical power (W);
– τ – torsion (N·m);
– ω – DMF rotational speed (RPM).
Determining the mechanical parts of DMF magnetic rota-

tors involves identifying and understanding the components.  
The flow of the design performed in this work follows the  
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machine design principle by [34]. The process started with  
a detailed review of design schematics, technical drawings, or 
exploded view diagrams showing the arrangement and inter-
action of each part. Key parts such as gears, bearings, shafts, 
springs, and fasteners are identified by their specific functions 
and physical characteristics. The parts catalogs, specifications, 
and standards to ensure that each component meets the re-
quired dimensions, materials, and tolerances are obtained from 
machine design algorithms for each specific part [34]. The 
general flow of the design is provided in Fig. 1 as a flowchart.

The DMF magnetic rotator design process began with 
designing the system, including the rotor and stator com-
ponents, specifying dimensions, materials, and placement of 
magnets. The material selection process was mainly based 
on the allowable stress. The rotor was constructed by evenly 
attaching magnets on two sides ensuring correct orientations 
of the north and south poles and securing them with fasteners. 
The rotator was assembled by mounting the rotor on a freely 
spinning shaft and positioning the cathode close to the rotor 
magnets without contact. Electrical connections were made to 
an external power source or control circuit to manage rotation 
speed and direction. The system was tested and calibrated by 
applying fixed rotational speed and control to 500 RPM [35]. 
Safety and maintenance checks were conducted to ensure 
secure electrical connections, regular inspections, and mainte-
nance of the magnets and coils.

The DMF magnetic rotator utilized a motor as the pri-
mary power source, requiring secure mounting for stable ope-
ration. A clutch mechanism was then introduced to regulate 
torque transmission between the motor and the drive shaft. 
The drive shaft itself facilitated power transfer and required 
a bearing for smooth rotation at its designated location. The 
pinion gear, fixed to the drive shaft, served to increase rota-
tional speed by meshing with a larger gear. The counterpart 
to the pinion gear was the spiral bevel ring gear, designed 
to transmit rotational power at 90° (transmit horizontal to 
vertical). This ring gear was mounted on a separate frame for 
proper alignment and meshing with the pinion gear. The sys-
tem was also designed to be modular, so it can be organized as 
a stack similar to the SIEMENS Sylizer 300 PEM stack. The 
main parts of each DMF rotator module can be seen in Fig. 2.

 

Fig.	2. Machine	elements	involved	in	the	core	design		
of	the	DMF	magnetic	rotator

The assembly process involved sequential mounting of 
the motor on a stable base, followed by clutch attachment 
according to the manufacturer’s specifications. The drive 
shaft received a bearing for smooth rotation, and the pinion 
gear was secured using appropriate locking mechanisms. 
The spiral bevel ring gear was then mounted on a separate 
frame, meticulously aligned with the pinion gear for optimal 
meshing. Finally, the drive shaft was connected to both gears, 
and the entire system underwent a no-load test run to verify 
proper functionality before application.

5. Results of dynamic magnetic field magnetic rotator 
design optimization

5. 1. Conceptual design results of the dynamic magne
tic field magnetic rotator 

The electric motor process is based on theoretical and 
actual visual techniques. The electric motor selections were 
likely driven by the need for both high power output and 
a moderate rotational speed of 500 rpm. According to the 
selection chart in Fig. 3, this combination points towards 
a motor with a lower number of poles – 14. A lower pole 
count aligns with the ability to deliver the required power at 
the desired speed. The number of poles in an electric motor 
influences its torque, efficiency, size, weight, and application 
suitability [36]. Motors with more poles generally produce 

higher torque due to increased magnetic interactions per 
revolution, making them ideal for high-torque, low-speed 
applications such as conveyors and crushers. In contrast, 
motors with fewer poles are more efficient at higher speeds 
and are typically used in applications like fans and pumps.  
This is the reason to choose 14 poles for the DMF mag-
netic motor. Additionally, motors with more poles tend to 
be larger and heavier because they require more winding 
turns and magnetic materials, impacting their overall 
design and integration into the system.

The theoretical result is 13 MW operation power, 
which comes from equation (5) considering the machine’s 
rotational speed (RPM) and torque (Nm). The calcula-
tion multiplies torque by a constant and speed (converted 
to seconds) to find theoretical rotational work output, 
then divides by another conversion factor to express it as 
power (watts). The theoretical value of 13 MW does not 
represent the actual work that can be supported by the 
motor. However, the technology of a 14-pole induction 
motor specified by the vendor ensures that the 13 MW 
theoretical work can be covered by a 12.5 MW motor. 
Therefore, we choose the 12.5 MW 14-pole high-speed 
induction motor for the power source of the system.

Motor types

Drive shaft 
specification

Spline 
specification

Start

Conceptual 
design

Motor 
selection

Drive shaft 
planning

Spline 
planning

A

A

Clutch 
planning

Gear 
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Clutch 
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Fig.	1.	General	flow	of	the	DMF	magnetic	rotator	design
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5. 2. Results of parts and interconnection determination
To determine the shaft material and the allowable shear 

stress for the spline in the DMF magnetic rotator, we use equa-
tion (6). Here, σb represents the tensile strength of the chosen 
shaft material, which in this case is SC steel with a tensile 
strength of 58 kg/mm2. The safety factor for the material (SF1) 
is set at 6.0, considering the inherent properties and expected 
loads on the material. Additionally, a safety factor of 1.3 (SF2) 
is applied due to the absence of a keyway, which influences the 
overall safety margin. By dividing the tensile strength by the 
product of these safety factors, we determine the allowable shear 
stress for the spline to be 7.8 kg/mm2. This calculation ensures 
that the shaft material will perform reliably under the opera-
tional stresses encountered in the magnetic rotator, maintain-
ing structural integrity and safety. To determine the shaft dia-
meter (ds) for the DMF magnetic rotator, we use equation (7).  
The coefficient (Cb) is 1.0, indicating no bending load. The 
torque (T) applied to the shaft is 430542 kg·mm, the shock load 
factor (KT) is 3.0, accounting for the impact or shock loads on 
the shaft. Rounding up to the nearest standard size from the 
result, the shaft diameter is determined to be 95 mm. This cal-
culation ensures that the shaft can handle the specified torque 
and shock loads without exceeding the allowable shear stress, 
providing a safe and reliable design for the magnetic rotator. 
To verify the shear stress on the shaft for the DMF magnetic 
rotator, we use equation (8). The calculated shear stress of 
approximately 2.6 kg/mm2 confirms that it is well within the 
allowable shear stress of 7.8 kg/mm2. This means that the shaft 
is suitably designed to handle the applied torque without ex-
ceeding the material’s shear capacity, ensuring safe and reliable 
operation in the magnetic rotator:

τ
σ

a
b

SF SF
=

×1 2
, (6)

d K C Ts
a

T b= × × ×






5 1
1 3

.
,

τ
 (7)

τ =
5 1

3

.
.

T
ds

 (8)

Formulas (6)–(8) use the following symbols:
– τα – allowable shear stress (kg·mm–2);
– σb – tensile strength (kg·mm–2);

– SF1 – safety factor 1;
– SF2 – safety factor 2;
– ds – shaft diameter (mm);
– Cb – bending load coefficient;
– T – applied torque (kg·mm);
– CD – cathode volume dimension (m3);
– KT – shock load factor;
– τ – shear stress (kg·mm–2).
The selection of the appropriate spline for the shaft 

in the DMF magnetic rotator is essential to ensure that 
the chosen spline can handle the applied forces without 
exceeding the material’s shear capacity. Given the shaft 
diameter (ds) of 95 mm, we have two options for spline 
sizes: one with dimensions l = 80–320 mm and b = 28 mm. 
To determine the force (F) acting on the spline, we use 
equation (9). This calculated shear stress of 2.28 kg/mm2  
determined using equation (10) is well within the allow-
able limits, indicating that the selected spline dimensions 
are suitable for handling the applied torque without 
exceeding the material’s shear capacity, thus ensuring 
reliable and safe operation in the magnetic rotator:

F
T

ds

=
2

, (9)

τs

F
bl

= . (10)

Formulas (9), (10) use the following symbols:
– F – force acting on the spline (kg·mm–2);
– T – torque applied on the spline (kg·mm);
– ds – shaft diameter (mm);
– b – spline cross-section (mm);
– l – spline length (mm);
– τs – shear stress (kg·mm–2).
The magnitude and type of the main stress applied to the 

system were determined. Consequently, the interconnection 
to provide power transmission in the system can be deter-
mined using the standard parts. The interconnections are 
the clutch, gears, and bearings. The clutch between the main 
shaft and the motor is essential to provide extra protection 
during operation. We found that the fixed clutch is useful to 
hold the main shaft to the motor spindle, which can be held 
using flanges with the standard fastener diameter of M25.  
The chosen gear set required to transmit power from hori-
zontal to vertical arrangement is a 1:1 ratio spiral bevel ring 
gear arranged in millet. The bearing has to handle 630 kg 
working weight, which is classified as a high load. Therefore, 
the needle roller bearing type is chosen over the ball bearing.

5. 3. Results of mechanical elements selection for the 
DMF magnetic rotator

The main parts selection is the shaft to transmit the power 
from the motor and hold other elements. This shaft features 
a solid round design with a diameter of 95 mm. This critical 
dimension dictates the shaft’s strength and its ability to han-
dle loads. The chosen material is S30C carbon steel, which is 
a common choice for its affordability, good machinability, and 
adequate strength, making the shaft a practical solution for 
various applications [37]. The design incorporates a bearing 
placement strategically positioned 4200 mm from a reference 
point located about the end of the shaft. The placement infor-
mation is vital for calculating the bending moments and forces 
acting on the shaft, especially around the bearing location [38]. 
The shaft has a spline for clutch interconnection. The spline 

Fig.	3. Machine	elements	involved	in	the	core	design		
of	the	DMF	magnetic	rotator
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features a series of grooves or teeth machined directly onto 
the 95 mm diameter shaft [39]. These grooves interlock with 
corresponding teeth on a mating part, enabling relative axial 
movement (sliding) along the shaft while preventing unwan-
ted rotation.

The technical parameters of the rotator before and after 
scaling up from lab scale to large scale demonstrate signifi-
cant improvements in performance and design. The side by 
side comparison of the DMF rotator on a lab scale and the 
scaled-up version is listed in Table 1. Initially, the lab-scale 
rotator with a lower power capacity suffered from material 
inadequacies, particularly in handling working stress, which 
makes it unsuitable to directly handle prolonged workloads. 
The use of standard steel for the rotator material and a smaller 
shaft diameter (<50 mm) limited its ability to manage torque 
and operational loads effectively. After scaling up, the system 
incorporates a 12.5 MW power capacity, a 95 mm S30C 
carbon steel shaft, and a suite of optimized components, in-
cluding an M25 fixed coupling, S45C carbon steel gears, and 
NA6917 needle roller bearings. These upgrades, along with 
an increased safety factor and higher allowable shear stress, 
ensure reliable operation under industrial-scale conditions. 
The enhanced material selection and increased load-han-
dling capacity ensure robust performance, aligning the sys-
tem with the operational demands of the larger Siemens  
Sylizer 300 PEM electrolyzer.

The magnetic holder has a critical role to secure the plac-
ing of the large-scale magnet. The holder design objective 
is to survive high shear stress and rotation forces while in 
operation. The holder design in the model of the scaled-up 
version of DMF is shown in Fig. 4. The main goal of the 
holder is to keep the magnet steady in its original position 
and orientation for safety and performance reasons during 
operation. The main design of the holder has ensured that 
the material was tough and precisely engineered to withstand 
greater mechanical stresses resulting from continuous opera-
tion, estimated for 10 hours. 

The presence of a magnetic holder guarantees the overall 
performance stability and safety of such systems preventing 
any possible displacements or failures due to forces acting on 
the magnets. As such, it is a necessary upgrade that ensures 
operational integrity as well as long-term magnet stability 
within expanded systems.

 
Fig.	4. Model	of	the	improved	DMF	rotator		

with	the	magnetic	holder

The selection of the interconnection for the DMF magne-
tic rotator requires standard part selection from the catalogs. 
The standard catalog is the catalogs to choose parts or ele-

ments in which the dimension and 
design requirements are standard 
or available on the market [40]. The 
material selection for the clutch, 
gears, and bearings also includes 
the dimension selection based on 
the standard check. The standard 
check is the comparison of the 
maximum working stress with the 
allowable working stress [41]. The 
available material on the market for 
the M25 fixed coupling with fla ges 
is S30C carbon steel. The material  
for the gears has to be slightly 
stronger compared to the material 
of the shaft, which is S45C car-
bon steel. The needle roller bearing 
NA6917 is selected for the bearing 
to support the main shaft. 

6. Discussion of the mechanical 
elements selection process for 

the DMF magnetic rotator

The proposed solutions suc-
cessfully address the problem area, 

Table	1
Comparison	of	technical	parameters	before	and	after	scaling	up

Parameter
Before improvement 

(lab scale)
After improvement 

(large scale)
Improvements

Rotator power 
capacity (MW)

Small power <100 W 12.5 MW
Power scaled up to meet 

industrial demand

Rotator material
Standard Steel (not 

selected wisely)
S30C Carbon Steel 

(selected wisely)
Chosen based on working 

stress and durability
Shaft diameter 

(mm)
Smaller, e.g., 50 mm 95 mm

Increased to handle higher 
torque and stress loads

Rotational speed 
(RPM)

Not carefully calculated 
prior to implementation

Specifically designed 
for 500 RPM

Adapted to the larger motor 
requirements

Allowable shear 
stress (MPa)

Lower stress tolerance
Higher, based  

on S30C
Materials chosen for higher 

load capacity

Bearing type and 
model

–
NA6917 Needle 
Roller Bearings

Improved for durability 
under heavy loads

Coupling type – M25 Fixed Coupling
Designed for enhanced 

power transmission

Gear material –
S45C Carbon Steel 

Gears
Selected for strength and 

wear resistance

Safety factor Undetermined >1.5
Increased for safe operation 

under larger loads
Load handling 

(N·m)
Under 10 N·m >500 N·m

Enhanced to accommodate 
the larger scale of operation

System  
complexity

Simple lab design
Industrial-scale 

system
Upgraded to handle opera-

tional complexities



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 5/1 ( 131 ) 2024

12

which centered on inefficiencies in conventional electrolysis 
cell designs and material selection limitations in the lab-scale 
magnetic rotator. By scaling up the system, increasing the 
rotator power capacity to 12.5 MW, and optimizing material 
choices like S30C carbon steel for the shaft and S45C for the 
gears, the design overcomes previous inefficiencies and en-
hances load handling capabilities. The integration of higher 
shear stress tolerance and improvements in power transmis-
sion components such as bearings and couplings closes the 
gap between lab-scale shortcomings and industrial require-
ments. These modifications, systematically based on mechan-
ical and operational demands, directly fulfill the research 
aim of improving efficiency, scalability, and durability in 
electrolysis systems. The evidence of increased power, stress 
resistance, and operational safety confirms the effectiveness 
of these solutions in closing the identified problem area.

The conceptual design transformed into technical speci-
fications of the DMF magnetic rotator. Transforming a con-
ceptual design into technical specifications involves translat-
ing broad ideas into detailed, actionable requirements [42].  
The process starts with defining the project’s scope, objec-
tives, and constraints based on the initial concept. Following 
that, detailed drawings, schematics, and models were made 
to represent the design accurately. These are supplemented 
with precise measurements, materials specifications, and per-
formance criteria, ensuring that the design meets regulatory 
standards and functional requirements. One of them is the 
safety factor, which is a must in every engineering design.  
In this design, the safety factor is multiplied by the maximum 
stress, which accounts to the maximum allowable stress tol-
erance. The safety factor is required to incorporate unexpec-
ted conditions such as uncertainty in materials and under/
overload estimations [43]. 

The selection of the motor as a power source involves 
technical and scientific considerations. The motor is selected 
for applications requiring low-speed, high-torque perfor-
mance due to their inherent design characteristics, which 
is aligned with 500 rpm rotational speed and 630 kg load.  
A higher number of poles reduces the synchronous speed, 
making them suitable for heavy-duty machinery where pre-
cise speed control at lower RPMs is essential [44]. Additio-
nally, 14-pole motors offer better torque per ampere com-
pared to motors with fewer poles, improving efficiency and 
reducing energy consumption in high-load scenarios [45]. 
However, there is a discrepancy in the conceptual selection 
between theoretical and visual GM chart methods. The theo-
retical method suggests a 30 MW 14-pole induction motor 
while the GM chart suggests a 25 MW 14-pole induction 
motor. The discrepancy could be due to several factors such 
as simplifications and empirical data involved in testing. 

The design guideline takes into account mechanical 
stresses. In the design of the DMF shaft, tensile, compressive, 
shear, and bending stresses are considered. Tensile and com-
pressive stresses occur when the shaft is subjected to axial 
forces, pulling or pushing along its length. Shear stress arises 
from forces acting parallel to the cross-section, such as torque 
transmitted by the shaft [46]. Bending stress occurs when 
transverse forces cause the shaft to bend, which is particu-
larly significant at points of load application, such as where 
the bearing is positioned 4200 mm from the reference point. 
These stresses were carefully calculated to ensure that the 
shaft can handle the loads without exceeding the material’s 
yield strength, which would lead to permanent deformation, 
or its ultimate strength, which would result in failure [47]. 

Improper material selection or design miscalculations could 
lead to fatigue, excessive deformation, or even catastrophic 
failure, compromising the entire mechanical system’s perfor-
mance and safety [48]. Using S30C carbon steel, known for 
its balance of strength and machinability, helps manage these 
stresses effectively.

The DMF magnetic rotator design directly applies the 
first principle of machine design. The concept of maximum 
allowable stress in machine design is rooted in material sci-
ence and engineering principles. Maximum allowable stress 
is the highest stress that a material can withstand under 
operating conditions without failing [49]. This value is 
determined by dividing the material’s yield strength or ulti-
mate tensile strength by a safety factor. Yield strength is the 
stress at which a material begins to deform plastically, while 
ultimate tensile strength is the maximum stress a material 
can withstand before fracturing [50]. The application of the 
safety factor ensures that operational stress remains within 
a safe range, preventing plastic deformation and failure. The 
selection of the safety factor depends on the application, the 
consequences of failure, material properties, and the reliabili-
ty of loading conditions. In critical applications where failure 
can result in significant consequences, for example, in a DMF 
magnetic rotator for a green hydrogen electrolysis power 
plant, a higher safety factor is required. 

The interconnection mechanism in the design of the shaft 
involves the use of splines and couplings to transmit torque 
and ensure precise mechanical alignment. Splines are grooves 
or teeth machined directly onto the 95 mm diameter shaft, 
which interlock with corresponding teeth on a mating part, 
such as a clutch. This design ensures efficient torque transfer 
and maintaining the alignment of connected components. 
The use of a standard M25 fixed coupling with flanges made 
from S30C carbon steel facilitates secure attachment of the 
shaft to the fixed clutch. This coupling ensures that the 
rotational force is transmitted effectively without slippage. 
Slippage is an imperfect interlocking between two mechani-
cal parts, which causes the existence of friction [51]. Friction 
could cause a thermal effect on the material, which changes 
the property of the material due to the high calorific value 
heat transfer in a perfect thermal contact [52]. As a result, 
the connected surface may contain many residual stresses, 
which weaken the connection. The material selection of gears 
with S45C ensures compatibility and sufficient strength to 
handle the applied loads. The needle roller bearing NA6917 
supports the shaft, reducing friction and wear while accom-
modating radial loads, which is crucial for the shaft’s stability 
and longevity. The integration of these components based on 
standard catalogs and maximum working stress checks en-
sures that the design is reliable, efficient, and meets industry 
standards for mechanical performance. 

The main concept of DMF magnetic rotator design is that 
it depends on electron density at the cathode. Hence, the size 
consideration of the magnetic rotator is 1:1 to the size of the 
cathode. The study [49] considers only the allowable stress, 
which makes more design constraints applied to this study. 
The DMF design not only has to fulfill the maximum allow-
able stress tolerance but also has to be effective to support 
HER in the cathode. Compared to the study [51], which also 
includes friction, more constraints are applied in this study. 
As a result, the DMF design fulfills the performance and safe-
ty in [49] and [51] but also provides effectiveness for HER.

The Dynamic Magnetic Field (DMF) enhances the hy-
drogen evolution reaction (HER) by improving ion mobility 
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and mitigating electrode fouling. The rotating magnetic field 
introduces convective effects that reduce diffusion limita-
tions, allowing hydrogen ions (H+) to reach the cathode more 
efficiently and sustain higher reaction rates by minimizing 
concentration polarization. Additionally, the dynamic nature 
of the DMF prevents electrode fouling by displacing bubbles 
that accumulate on the cathode, maintaining prolonged 
electrode activity and ensuring consistent HER performance 
over time. DMF also affects water molecules due to their 
diamagnetic properties. Previous study shows that, when ex-
posed to a rotating DMF, the constant realignment of water 
molecules induces mechanical stress on their intermolecular 
hydrogen bonds [14]. This repetitive stress leads to "bond 
fatigue", weakening the structure of water molecules and fa-
cilitating easier dissociation into hydrogen and oxygen. The 
combined effects of ion mobility, reduced fouling, and water 
bond fatigue contribute to an overall increase in the efficien-
cy of the HER process.

The large-scale design upgrades, including power ca-
pacity enhancement, material optimization, and improved 
mechanical elements, effectively addressed the limitations 
of the lab-scale system, ensuring that it meets industrial 
demands for efficiency, durability, and safety. The rotator 
power capacity was significantly increased from a small 
power of less than 100 W in the lab-scale to 12.5 MW in 
the large-scale design, as shown in Table 1. This scaling 
up was necessary to meet industrial demand and improve 
operational efficiency. The shift in rotator material, from 
standard steel to S30C carbon steel, was informed by a care-
ful selection process based on working stress and durability. 
The shaft diameter was also increased from 50 mm to 95 mm, 
a decision that was essential to handle higher torque and 
stress loads (Table 1). Furthermore, the rotational speed 
was meticulously designed for 500 rpm in the new system, 
adapting to the requirements of the larger motor, whereas 
it was not carefully calculated in the lab-scale version. The 
improvement in allowable shear stress by using S30C carbon 
steel allowed for a higher load capacity, addressing material 
limitations of the previous design. In terms of mechanical 
elements, NA6917 needle roller bearings and M25 fixed 
couplings were introduced for durability and enhanced 
power transmission, contributing to system reliability under 
heavy loads (Table 1). The gear material was also upgraded 
to S45C carbon steel, chosen for its strength and wear re-
sistance. Finally, the increase in the safety factor to greater 
than 1.5 and the system’s ability to handle over 500 N·m of 
load demonstrate how the design improvements align with 
industrial scalability and safety requirements.

The practical implication of DMF utilization in HER 
is significant for electrolysis efficiency optimization. The 
enhancement of ion mobility and the mitigation of elec-
trode fouling by DMF lead to higher and more consistent 
hydrogen production rates. The DMF-induced fatigue of 
water intermolecular bonds facilitates easier dissociation, 
which may further improve electrochemical water-split-
ting reaction efficiency. This approach not only boosts the 
performance of electrolysis systems but also extends the 
lifespan of electrodes. Consequently, the integration of DMF 
technology into large-scale hydrogen production systems can 
enhance overall hydrogen production efficiency, potentially 
reduce costs per volume of produced hydrogen, and support 
the advancement of green hydrogen solutions towards the  
NZE 2050 goal. It is also suitable to apply DMF in other 
practical areas of hydrogen production, including ammonia 

fertilizer production, medical applications of hydrogen, and 
other hydrogen production applications. 

The key advantage of this study compared to existing 
solutions lies in its novel integration of a high-power DMF 
magnetic rotator design optimized for both efficiency and 
material durability, which is a significant improvement over 
conventional systems. While other designs focus primarily on 
scaling or material selection individually, this study uniquely 
combines both aspects by carefully selecting S30C and S45C 
carbon steels based on working stress and mechanical de-
mands, along with precise engineering of load handling com-
ponents such as bearings and couplings. Alternative solutions 
often overlook the detailed optimization of electron velocity 
targeting and magnetic field manipulation, which this study 
pioneers, allowing for enhanced electron spin alignment and 
improved water molecule manipulation in the electrolysis 
process. These specific features of material optimization, load 
capacity, and electron manipulation provide the advantages 
of increased power efficiency, scalability, and durability, set-
ting this design apart from traditional approaches.

This work provides the design for a DMF magnetic 
rotator to be used in large-scale electrolyzers. However, 
this work does not include tests or simulations for stress 
distribution, cyclic loading, or shock testing due to various 
constraints such as time, resources, or scope limitations. 
Stress distribution simulations, typically performed using 
finite element analysis (FEA), are crucial for understanding 
how stress is distributed throughout the shaft under various 
loading conditions. FEA is a computational technique used 
to predict how a component or structure will respond to va-
rious forces, loads, and conditions by dividing it into smaller, 
simpler elements [53]. Cyclic loading tests evaluate the 
material’s fatigue strength by subjecting it to repeated stress 
cycles, while shock tests assess the material’s ability to with-
stand sudden, extreme loads [54]. The tests are important 
for validating the design and ensuring long-term reliability 
and safety. As a result, there may be unaccounted-for risks 
and potential failure points that only empirical testing could 
reveal, highlighting the need for further validation through 
comprehensive testing in future stages of the DMF magnetic 
rotator design.

The disadvantage of this work is related to the additional 
power required to run the whole electrolyzer’s system. The 
SIEMENS Sylizer 300 requires 25 MW power and the mo-
tor to run the DMF magnetic rotator module as a booster 
requires half of it, which is 12.5 MW. The efficiency of the 
resulting hydrogen should be carefully noted in the future. 
The adaptive control of the magnetic rotator RPM is also 
required to maintain the power input since a greater load 
represents more energy input. Therefore, adjustable RPM of 
the magnetic motor according to the current efficiency is the 
possible development of this study.

7. Conclusions

1. The conceptual design of the magnetic rotator for the 
SIEMENS Sylizer 300 PEM electrolyzer effectively inte-
grates the need for precise performance based on the electron 
density in the cathode. The design ensures that the chosen 
12.5 MW, 14-pole induction motor meets the required opera-
tional parameters, such as load and rotational speed, while ac-
counting for practical considerations and safety factors. This 
approach balances theoretical calculations with real-world  
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constraints, providing a robust solution that aligns with the 
specific needs of the electrolyzer system. 

2. The determination of mechanical parts and intercon-
nections for the DMF magnetic rotator, based on the concep-
tual design, effectively addresses the key engineering require-
ments. By calculating the allowable shear stress and verifying 
the shaft diameter, the design ensures that the shaft and 
spline can handle the applied torque and shock loads without 
exceeding material limits. The chosen 95 mm shaft diameter 
and selected spline dimensions meet the necessary criteria 
for safe operation. The spline dimension is l = 80–320 mm  
and b = 28 mm. The integration of standard components 
such as the clutch, gears, and bearings aligns with the de-
sign’s need for power transmission and load handling. This 
thorough approach ensures that the mechanical parts and 
interconnections are suitably designed for the DMF magne-
tic rotator, balancing theoretical predictions with practical 
considerations to achieve reliable and efficient performance.

3. The design of the DMF magnetic rotator effectively 
incorporates the selection of mechanical elements based on 
allowable mechanical stresses. The choice of a 95 mm dia-
meter S30C carbon steel shaft, strategically placed bearings, 
and splined interconnections ensures that the system can 
handle operational loads while maintaining structural integ-
rity. The material selection for components such as the M25 
fixed coupling, S45C carbon steel gears, and NA6917 needle 
roller bearings align with the requirements for strength and 
durability. The spline shear stress of 2.6 kg/mm2 is still far 
below the allowable stress of 7.8 kg/mm2. By applying the 
principles of maximum allowable stress and safety factors, 
the design balances theoretical calculations with practical 
considerations, ensuring reliable and efficient performance. 
This approach confirms that each component is suitably 
chosen to manage the mechanical stresses encountered in the 
system, providing a robust and dependable solution for the 
magnetic rotator.
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