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Abstract  

Market needs are evolving towards compact and high/very high efficiency design, and consequently, 

the new technologies are key to boost motors & drives developments. Leroy Somer is one technology 

leader in the domain of industrial electric motors and is offering best in class product thanks to his 

permanent magnet concept. 

The choice of magnet energy density level can affect the behaviour of the driven machine. 

Consequently multi-physic simulations as well as test of prototypes have been used to tune both the 

control algorithms and the magnetic circuit to achieve the best performances of the drive package.  

 

Strong pressure to increase motor efficiency in line with Directives has led motor manufacturers to use 

more material which is not in line with circular economy requirements.  

Very high efficiency in a standard shaft height with reduced material content versus an induction motor 

is one of the key assets of low energy density magnet assisted synchronous reluctant motors and will 

support circular economy guidelines. However the ultra-compactness required for some applications 

and offered by new technologies such as high energy density magnet assisted synchronous reluctant 

motors, available or in development, requiring less material, will lead the question of stepping out from 

standardization of electric motors in place for many decades.  

Through some examples, evaluating the pros and the cons, maintaining standardization could limit the 

shift towards circular economy compliant designs and could even reverse the current trend.  

In conclusion, market will decide and standards cannot be too far from customer expectations, 

meaning that technology trends have to be considered, even if the products are not yet available. 

 

Introduction 

The motors and drives business is governed by standards mostly focussed on energy efficiency. 

Depending on its size, 80 to 90% of the total cost of ownership of an electric motor is the energy 

consumed during its use. Consequently, reaching high efficiency standards, today IE3/4 level with 

induction motors, tomorrow IE5+ with synchronous technologies are our main challenges. 

But there is one new request due to resources scarcity which is becoming one of the main challenges 

we have to face. This will lead to new directives in the frame of circular economy (mandate M453 ) that 

will push for even more attention to bring for the use of raw material, the reuse of component, but also 

the durability and the reparability of the electric motors. 

 At EEMODS 2015, we presented “Facing the Challenges of efficiency and sustainability with 

the low energy density permanent magnet assisted synchronous reluctance motor and its 

associated electronic inverter”. It was dedicated to the bill of material optimization and we 

have showed in particular that it is possible to design a high efficiency (IE4/5) and compact 

synchronous motor range while avoiding expensive and highly polluting rare earth material. 
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 In this new article, we would like to share more on the constraints defined by the circular 

economy and the potential consequences on the design of future electrical motors. 

Market needs have evolved towards compact and high/very high efficiency standard size design. 
Consequently, new technologies are key to boost motors & drive developments and Leroy-Somer, one 
of the technology leaders in the domain of industrial electric motors is offering best in class product 
thanks to optimized induction ranges and low energy density permanent magnet motors. 
 
This has led us to deploy treasury of innovation to be able to offer the most efficient products to 
comply and often exceed the demand of the standards and directives. Pushed by Directives but also 
driven by our customers, we have introduced to the market new designs or improve the current ones. 
Main drivers were to cut electrical losses without increasing raw material content as per  
Figure 1. 
 
 

 

 

 

 

 

 

Figure 1: Stack volume evolution to comply with Directive and remain cost efficient. 
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In the near future, this trend will be a part of new package gathered under the umbrella of “Circular 

Economy” which will require our products to comply with new concepts, sometimes not easy to 

measure such as durability, upgradability, ability to repair, facilitate reuse, use of reused components, 

ability to re-manufacture, recyclability, RRR index, recycling, use of recycled materials, use of critical 

raw materials, recyclability of critical raw materials, as listed in Figure 2. 

 

Figure 2: List of standards expected by Mid-2019 to be the references for the future Circular 

Economy Directive. 

 

Why it will be in a near future because most of the standards are to be written and delivered at least by 

March 2019. The purpose of this paper is not to claim after something not yet existing but to evaluate it 

is in line with the manufacturer’s present goals to be involved in one more sustainable future for the 

planet. The idea is to inform people about the difficulties that can occur with one too strict regulation 

which may limit the innovation mandatory in our business to stay competitive and satisfy our 

customers.  

For electric motors we have to also remind that our products are governed by standards (cf. Figure 3) 

issued from IEC 60034 & IEC 60072 series (in Europe for example) or from NEMA in some areas. 

These bunches of documents lead many aspects of electrical machine such as marking, definition 

and, key for our customers, the interchangeability thanks to the standardization of the frame size from 

IEC 56 to 315 for the most common ones covered by the Energy Efficiency Directives. 
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Figure 3: List of current standards applicable to electrical motors. 

 

Since the late 90’s, the motor manufacturers have increased the efficiency of the products offered to 

the market, formerly through one voluntary action and then with new developments to comply with 

directive which requires minimum level of efficiency such as IE3 on fixed speed machines or IE2 with 

inverter supply to make the saving expected by the different treaties signed by our leadership like in 

Kyoto and Paris as some examples. 

To conclude this introduction our engineering teams will have to find the right lane between: 
- Standardization, as existing today and well appreciated by our customers 
- Increasing demand and regulation for higher efficiency IE3, IE4 and why not more, often 

mandatory once it is set by directive 
- New rules of “Circular Economy” to be published later on but that we need to take into account 

assuming the development and the industrialization of one new products range require usually 2 

to 3 years depending on level of complexity. 

 

Lessons from the past that can support our actions  

Easy to say but a bit more complex to do! However, the expertise issued from WEEE in France is 

showing that our products are valued at their end of life, thanks to their raw material contents which is 

of interest to be recovered, gathered and recycled. We do not see industrial electric motors for given in 

the landscape or thrown in collectors as simple waste. 

We have made a lot of efforts over the past decades to eliminate some materials from our motors such 

varnish components, when rejected in the air could increase danger for health of people surrounding 

areas of manufacturing. 

There are many other examples of motor manufacturers’ actions for one better planet. 
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Like other players in the motor business during last EEMOD’s conference in 2015, we have presented 

new generation of ferrite magnet assisted synchronous reluctance motors with position sensorless 

electronic inverter drives. This proposed optimized package provides the same high torque and high 

efficiency as the rare earth permanent magnet motor and is as robust, as reliable, as easy to use and 

as environmentally friendly as the induction machine.  

Two years before circular economy announcement, we were already sharing the high responsibility of 

motor manufacturers for one better planet. Aside of these advantages we were highlighting the 

possibility to propose one design optimization with NeFeB magnets for application where high power 

density is required. 

The optimization of a complete motor range requires a lot of calculations. Consequently, a 

Multiphysics analytical model has been developed which reduces the magnetic circuit design time, 

compared with the finite element method. However, the model must take into account non-linear 

effects such as saturation to provide good accuracy. Validation has been done by comparison with 

finite element calculation as well as with experimental results. This methodology supports the 

adaptability the new Regulation may require. 

Then, the analytical model of the machine has been coupled to the electronic inverter model to 

optimize the complete system with the control laws. In particular, the influence of the high frequency 

harmonic content due to Pulse Width Modulation (PWM) has been taken into account. Sensor-less 

operation has also been considered. 

 

The design for supply chain and for manufacturing is based on maximizing the component re-use from 

the induction motor and limiting the number of different laminations which would require large 

stamping and winding investment costs. 

 

This leads to an innovative motor & drive design optimization where optimum results are presented on 

a Pareto diagram. The multi-physic analytical model of the electrical machine and its electronic 

inverter is adapted to the chosen optimization algorithms. This is one key point to find the best 

compromise for raw material content, one of the priorities of the Circular Economy as per listed future 

standards. These different points are summarized in figure 4. 

 

Figure 4: Choice of optimum geometry. 
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What to do in the future, future that, in reality, is starting today? 

Today if we are requested to reduce the raw material content is electrical motors; we would consider 

again this possibility but what would occur with frame size standardization? 

Customers’ expectations can be really different depending on application requirements but also on 

product destination: OEM’s for integration in machine or end-users for repairing or revamping existing 

installations. 

In addition, minimum efficiency levels, mandatories for electric motors whether they are fixed or 

variable speed have changed the rules for designing machines. 

As presented last year, the high improvement on microcontroller calculation capabilities has open 

many doors for highly innovative design. Nevertheless customers first care about reliability when they 

have to choose one product but standard compliance is not too far driving the market to evolve 

towards IE2 then IE3. 

The objective is to reach the user needs with the lowest motor & electronic inverter package cost. A 

summary of objectives in relation to user needs is given in the hereunder table (figure 5) for process 

and manufacturing / automation market segments: 

 

 

Figure 5: Market needs analysis. 

 

If OEM’s can be more sensitive to compactness specifically when it is driving differentiation on their 

business, end-user likes more the direct replacement machine for easy installation. All these well-

known concern can be contradictory from engineering perspective. For example, raw material content 

is not any longer lead by the motor temperature rise but by the level of efficiency required. Then the 

difficulty will be to keep the standardization as per IEC 34000 series & 60072 series.  

However such sizing will be in line with most of the request of Circular Economy like limitation of raw 

material content but will also support the end of life recycling that will be responsibility of our 

customers. Then the original question will be raised again, shall we continue keeping 

interchangeability or move towards the most compact solutions. 
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Figure 6: Trend in offering needed by market. 

 

In some cases, the compactness & high torque of the synchronous permanent magnet technology 

enable system cost reductions. The elimination of the belt drive of a fan or of the gear reducer of an 

elevator and cantilever integration into high speed compressors are typical examples. In standard 

frame size ranges, its high efficiency compared to the massively produced induction machine leads to 

energy savings in many process applications (such as fans, pumps and compressors) working 24h a 

day, 365 days a year, resulting in a shorter pay-back (cf figure 7). 

  

 
 

Figure 7: Weight of energy cost in the total cost of ownership. 

 

However, as already mentioned, rare earth magnet price volatility limit the penetration of this 

permanent magnet machine technology on a large scale in industrial applications. This is why the use 

of ferrite magnets can be more in line with both our customer expectation and the trend of recyclability 

requested by Circular Economy. 
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We cannot offer the best in class drive system without the possible match between the motor and the 

drive. If drive ratings are pretty well fixed due to IGBT current capabilities, the optimization of the 

power factor will help to limit the content of raw material in the motor. 

 
 
Figure 8: Maximization of torque by design selection. 

As one result of this optimization, the improvement of power factor, thanks to the design, will support 
the limit of raw material content with smaller IGBT in the drive. 

 

 

From manufacturing to repairing without forgetting service 

Once the design is selected for the best in class performance according the customer needs, we have 

to take into account our own need for one efficient cost to manufacture added to the limitation of 

complexity. This last point is the key to have the capability to offer the service required by our 

customers and preserve quick delivery even with late stage customization, preventing huge stocks that 

jeopardized financial performance of our companies. 

In theory, to raise the best efficiency of electric motors, we have to choose the highest grade of 

lamination but also to track and eliminate the losses where they are in the motor. 

From design perspective, we have to increase as much as possible the density of copper inside stator 

slot as it enable raw material content reduction as well as performances increase. 

Over the last two decades, thanks to the improvement of conventional winding techniques (cf. figure 

9.a), the slot fill ratio was increased from 35% up to 45%. In the near future, organized winding with 

round wire as shown in figure 9-b or even better with flat wire as in figure 9-c will enable to achieve up 

to 65%. It will allow shortening both the rotor and stator lengths and consequently reducing the content 

of raw material while improving performances and in particular the efficiency. Thanks to these new 

winding techniques, we will comply with one of the future request of circular economy to reduce the 

content of raw material: less copper, less magnets and less steel. 
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This will also drive us to improve insulation and enamelling of copper wires and not consider them as 

already optimized for the use of electrical motors, but this is not covered in this article. 

 

 

Figure 9: Evolution of slot fill factor. 

 

However, are we going to meet the expectations of reparability and specifically the ability to repair 

such stator with high value of copper density? Our partners have made significant improvements to 

avoid loss of efficiency when repairing one motor.  

When the need to increase efficiency has driven designers to choose high grade lamination materials, 

our services partners had to change their process to unwind motors and stop to heat the coil with blow 

torch. This was mandatory to prevent irreversible damages to lamination losses value. 

We must confess that if we increase too much the copper density then the machines cannot be 

repaired by most the thousands of rewinding shops existing in the world unless without massive 

investment they cannot bear. Today we currently agree that maximum slot fill with hand winding 

cannot be higher than 85%.  Then we could design one product, manufacturable at one competitive 

cost, compliant with efficiency rules, in line with customer expectations but could not be reparable if 

attention is not paid to current capabilities of service companies. 

It is also of importance to note that electric motors have one average life time of twenty years, so the 

problem can occur for future generation even if decision must be taken now to give guidelines to our 

engineering and development teams. 

One thing that will not change, due to forecasted copper scarcity, there will be always one market to 

recycle the copper included in electric motors like it is today, as proven by the first results of the 

WEEE. 
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As presented early, adding magnets in rotor is driving the losses down in the rotating part of the motor. 

With more than twenty years of expertise in supplying permanent motors in industry but also for 

elevator market, we know the advantages of such technology but also the potential difficulties to repair 

them. 

Glued magnet is one well-known issue with the need to use glue that has limited lifetime once it has 

been firstly used. The need of banding with impregnated fibber glass material on some rotors makes 

the reparability not easy to handle or limited to specialist. 

However, the use of inserted magnet like presented during las EEMOD’S conference allows 

reparability even in small workshop of repairing companies assuming some of the basic precautions 

are taken. Because of their value, the recyclability is already well managed today. 

 

 

 

Glued magnets (examples from servomotors) Inserted magnets (existing and future 

examples of industrial motors)  

Figure 10: Example of PM rotor designs. 

 

Despite the lack of existing regulation, the recyclability of material has been organized mostly around 

copper and steel. But we cannot ignore that with around 100 million of vehicles sold every year in the 

world, each one equipped with one alternator using ferrite on rotor, the recycling of such component is 

organized and generates revenues all over the planet.  

The Ferrite permanent magnet assisted reluctance motor has the same power density as the pure rare 
earth permanent magnet machine and is much more competitive and environmentally friendly. 
Because 2/3 of the torque is provided by the reluctance, such kind of motor is easy to dismantle 
without any special tooling allowing simple maintenance, like change of bearing which is the most 
common one, by any service centre or rewinding shop all over the world. 
 
So, with permanent motors we can tick many boxes of circular economy request on top of induction 

motors current ones inclusive use of recycled materials. Thanks to the magnetization machines 

availability we can assembly the rotor easily and do the magnetization afterwards, just before 

assembly and at the level needed in the machine. 

The main question to fix will be: if we make the highest compactness, we will lose the standardization 

that our customers like or even love, especially end-user. 
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Conclusion 

To finish on one positive note, few years ago we, the motor manufacturers, we claim a lot with the 

increase of efficiency to IE3 that will drive us to loose standardization, thanks to the brilliant ideas of 

our engineering teams, it did not come to reality even some machines, especially the smallest power 

(up to 22 kW) have seen significantly increase of material content. Fortunately, the single phase 

motors were out of the directive, as well as the motors with high number of poles otherwise our fears 

would have come true. 

So, the risk to loose frame size standardization is existing, thanks or because of the new technologies, 

either with or without inverter but our imagination will hopefully allow us to avoid it. Especially if 

standard to be written and published are integrating our concerns for B2B business and will not 

consider our products for B2C, with all the constraints attached to this business. 
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