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A machine’s reliability depends (inversely) on how often it fails. 
How often did motors and generators fail 25 years ago, and 
how often do they fail now?

Without rigorous technical references, a confirmed answer to 
this question is impossible. However, with due respect to specialists 
in this field – there is no sufficiently authoritative reference available 
that answers this question (for any timespan – not just the 25 years 
considered here).

Yes – there are reliability studies that split motor failures into 
their respective physical parts (rotor, stator etc) and even root causes, 
but to the authors’ knowledge – there are no specific mean-time-
between-failure (MTBF) studies on the same types of rotating electrical 
machines, under similar circumstances and from approximately the 
same region of manufacture (if this even matters), for 25 years ago 
compared with today (or even for 50 years ago and earlier).

Engineers like to give quick answers to questions – based on 
informal knowledge and even just their ‘gut feel’. Often they are 
right, but they can just as often be wrong. In the case above – both 
authors realised that with more detailed consideration, they certainly 
were wrong in some respects. For example: Large motors from one 
(Western European) supplier have definitely improved in reliability 
between say 30 years ago, and ten years ago. However - worldwide 
competition has forced manufacturers to reduce costs, leaving some 
products in the market that create the impression that motor reliability 
has decreased across the entire product range. 

Realistically – the question can only be answered on the basis 
of perceptions because the ultimate life expectancy of machines 
manufactured now will only be determined many years from now, 
or it can be answered on the basis of perceptions of their life expect-

ancy. While most relevant parties agree that machines from say 50 
years ago enjoyed longer expected lives than machines of today – 25 
years ago is not as definite a case. There are a number of important 
reasons for this:

Firstly, 25 years ago Vacuum Pressure Impregnation had just 
been developed for large rotating electrical machines.

Secondly, Computer simulation of rotating electrical machines 
had matured to the level where iterative fundamental electro-magnetic 
design was possible for all large manufacturers. This allowed accu-
rate simulation of both the electrical, electromagnetic and thermal 
aspects of rotating electrical machines – taking most of the error 
out of the manual design methods available approximately ten to 
15 years earlier. 

Thirdly, worldwide competition and its related cost pressures 
were nowhere near what the shrinking globe has made them today. 

Fourthly, engineering design was only beginning to benefit from 
advanced Finite Element Analysis (FEA) computer simulation, forc-
ing most of the conservative design margin to remain in the finished 
product. Without FEA tools - designers were able to confidently predict 
(and therefore obviate) fairly fundamental design errors involving 
harmonics and eddy-current effects. FEA tools, however, allow simu-
lation of almost every aspect of a machine – affording the designer 
the opportunity of safely pushing any rotating electrical machine 
component to the limit.

Ironically, the wide availability and low costs of the same FEA 
tools have now made it possible for designers and hence manufactur-
ers to leave very little safety margin in their products. There is nothing 
wrong with this design approach because - provided the machine 
is operated within the designed operating limits – it should not fail 
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prematurely. This is where the problem originates. In reality - rotating 
electrical machines simply do not operate continuously within their 
designed operating limits. They stop and start more frequently; they 
overheat; they are maintained inadequately; they are applied in the 
wrong applications, operated in the wrong environments, and often 
knowingly abused or not maintained at all. 

These examples are obviously exceptions, but they are common 
exceptions and they are widespread throughout industry – and while 
some industries are far superior in their maintenance strategies 
and operating environments (petrochemical process industries for 
example) – examples of abuse still apply throughout (overheating 
for example).

Let’s look at some specific aspects:

Rotor and shaft mechanicals

With the exception of constantly improving high-strength alloys 
(especially aluminium alloys) nothing has really changed in material 
properties, but the limits to which materials can be safely pushed 
have certainly been increased by FEA tools. Margins of safety have 
undoubtedly been reduced in shafts and rotors, and in rotor bars 
and laminations – especially in the case of rotor bars that make 
use of deep-bar effects, and laminations on high-speed machines. 
The implementation of exotic or even just high-strength alloys in 
rotating electrical machines has however been very limited over the 
last 25 years – particularly on larger machines which remain fairly 
conservatively designed.  

Bearings

There has been considerable work in the field of magnetic bearings 
for rotating electrical machines, with practical on-site applications 
installed over 15 years ago [1,2]. However, magnetic bearings have 
not enjoyed widespread application in motors or generators, ex-
cept possibly in exotic high-speed machines. There has been some 
development of rolling bearing technology but even this has been 
incremental, with the exception of insulated bearings with designed-
in ceramic insulation sleeves or coatings, and lubrication methods 
for some bearings (Bently Pressurised Bearing Company’s externally 
pressurised fluid-film bearings).

 

Stator insulation system

This is one field where considerable development has taken place 
in rotating electrical machines, albeit incremental. Main (conductor 
to ground) insulation thicknesses have gradually been reduced [3], 

allowing more copper in the same size slot, as well as increasing 
thermal conductivity between the heat-generating copper and the 
heat-dissipating slot wall. Particularly on large machines such as 
turbogenerators – this has facilitated a considerable increase in out-
put coefficient without increasing the operating temperature of the 
conductors themselves. (Output coefficient is the output power for a 
motor (or input power in the case of a generator) per unit volume of 
active material in a rotating electrical machine, usually expressed in 
kilowatts per cubic metre (kW/m3)  

The topic of temperature class has been quite controversial in the 
last 25 years – with continual claims from some OEMs that they have 
a full Class H system for high-voltage (form-wound) rotating machine 
insulation systems. To date the authors know of no OEM that has of-
ficially released a commercial range of Class H high-voltage (or form 
wound) machines. There certainly are small low-voltage machines 
which are ‘mush-wound’ (with round stator conductors as opposed 
to the rectangular conductors used in high-voltage or ‘form-wound’ 
machines), that are Class H, and even higher temperature classes for 
specialised traction machines. The problems with large (high voltage 
or form wound) full Class H machines are broader than the insulation 
system itself and extend to bearings and other machine parts, but the 
critical limitation appears to still be the (obviously greater) differential 
expansion of copper against steel, at the higher Class H temperatures, 
and the associated shear stress that this places on the main insula-
tion. It is however realistic to expect such a system for high-voltage 
(form-wound) rotating electrical machines in the forthcoming five 
years. Watch this space…

Frame and housing

As for shafts and rotors – FEA tools simply allow designers to make 
frames or housings that have similar stiffness and strength but are 
thinner and lighter than their quarter-century old predecessors, but 
obviously with less margin of safety. Vibration behaviour has certainly 
improved with the help of dynamic FEA simulations but, in general, 
frames have become thinner and lighter with similar operational 
properties – much the same as automobile bodies. It is fair to say 
that the shape and design of rotating electrical machines frames or 
housings has not changed significantly in the last 25 years. OEMs have 
developed their designs for simpler and less expensive manufacture, 
with incremental changes being the order of the day. 

Insulation materials (left) have developed incrementally in the last 25 years, 
but major changes have occurred in their methods of application (right), with 
robotics and automation being the order of the day (photo courtesy Isovolta).
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LSI – Large Scale Integration
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Auxiliaries

Ironically, both authors would have expected the implementation by 
OEMs of far more advanced and useful auxiliaries on newly manu-
factured rotating electrical machines – especially larger units. Very 
large turbogenerators, and even hydrogenerators, have airgap flux 
probes, capacitive airgap proximity transducers, and other built-in 
monitoring and protection devices, but despite the reducing cost and 
increasing power of electronics – this does not seem to have been 
implemented by OEMs in smaller to medium size machines. There 
is certainly movement in this direction on medium size machines, 
but the bulk of this type of auxiliary equipment is primarily offered 
by specific protection and condition monitoring service providers or 
equipment vendors. One definite and significant trend however, is 
the amount of additional protection and even monitoring functions 
included in standard equipment that one would not have even con-
sidered possible in such equipment 25 years ago. An example of this 
would be the recording function that most modern motor protection 
relays incorporate, where the relay automatically digitally records 
the important traces of (among others) voltage and current for the 
critical periods surrounding a relay trip. 

Monitoring and protection

Both monitoring and protection have developed considerably in the 
last 25 years – arguably more than any single other rotating electri-
cal machine aspect in this article – including efficiency. Efficiency 
has undoubtedly become the most important and most prioritised 
aspect, but it hasn’t developed as much as one would have ex-
pected – especially in larger machines. The reason for monitoring 
and protection’s rapid and extensive development has mainly been 
because of the associated electronics and (both analogue and digital) 
signal processing becoming increasingly more powerful but less 
expensive. The principles haven’t changed at all, so the structure of 
monitoring and protection systems have hardly changed, but their 
power, complexity, flexibility and programmability have surpassed 
any single other technical field of Rotating Electrical Machinery (in 
the last quarter-century) – with the obvious exception of the Variable 
Speed Drive of course. What comes to mind here are Hall-Effect cur-
rent transducers, optical decoupling or isolation of measured signals, 
and quite obviously large scale integration (LSI) of digital electronics. 

Efficiency

No modern technical literature would be complete without at least 
a mention of efficiency. In rotating machines, this is paramount; far 
more so in pure mechanical rotating machines than their electrical 
counterparts. The reason for this is simply that rotating electrical 
machines are generally far more efficient than the rotating mechani-
cal machines that they usually drive – or are driven by (in the case of 
generators). Despite this – attention has still mainly been focused on 
electrical machines (and incidentally almost exclusively motors) – until 

quite recently, with the recognition by most industry players that the 
mechanical part of the drive-train is the least efficient portion, and 
therefore also the part that can potentially contribute most to system 
efficiency improvements. 

The Variable Speed Drive (VSD) ironically controls the electrical 
drives of many processes in such a way that it optimises the efficiency 
of the mechanical devices, by controlling the speed of their drive 
motors. Apart from incremental improvements to industrial motor 
efficiencies – by generally small reductions of the dissipated motor 
losses – VSDs remain the most influential single factor affecting mo-
tor efficiency in the last 25 years. Importantly - they do not actually 
increase motor efficiency. In all practical cases they actually decrease 
it – compared with sinusoidal supplies, at the same supply voltage 
and frequency. VSDs actually optimise the driven load’s efficiency 
by varying motor speed, hence only improving the efficiency of the 
complete drive-train – and actually reducing motor efficiency in all 
but the most unusual cases!    

Electric vehicles 

No article with a scope involving electric motors over the last ten 
years would be complete without including electric vehicles – more 
specifically, automobiles. It may surprise most to know that at the 
turn of the 20th century 38% of the United States’ automobiles were 
powered by electricity. More relevant to this article – and possibly 
more surprising - is the recent surge in relevance of electric drives 
to automobiles, compared specifically with the average industry-
practitioner’s opinion of their projected implementation as little as 
five years ago. Both authors agree that if they were asked five years 
ago about the future probability of a commercial mass-produced 
electric vehicle – the predicted reality would have been least ten 
years away. The Nissan Leaf for one is absolute confirmation that 
commercial electric vehicles are here now – in numbers which will 
increase rapidly. Electric motors have also not been their limiting 
component: the two main limiting factors for electric vehicles at the 
time of writing this article are battery technology (range primarily, 
but also mass, volume, reliability, safety and expected lifetime) and 
practical charging issues of course.

Joule

In South Africa the obvious and very important landmark in this 
respect is Optimal Energy’s Joule electric vehicle [4]. It is without 
doubt the single most important milestone for electric motors in 
South Africa during the last 25 years. Its importance however has 
also arguably been its misfortune, because the Joule was one of 
the most significant projects that encouraged international motor 
manufacturers to develop their own purely electric models – now 
significantly surpassing what was initially groundbreaking about 
the unarguably pioneering South African electric vehicle. The Joule 
has consequently been downgraded from being highly innovative 
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to being just another leading (and still obviously excellent) electric 
vehicle product which can of course be manufactured in any plant 
anywhere in the world. Sadly, this suggests for now that the Joule 
itself will never be manufactured in South Africa – if at all. 

Personal perspective

Leading on from this – and because they hold such importance to 
rotating electric machines - is the authors’ straightforward electrical 
engineer’s perspective on electric vehicles.  

Battery-powered electric vehicles are unfortunately (for motor 
practitioners) more about batteries and battery technology than 
they are about advanced electric motor technology. One is reminded 
that the average motor of approximately 100 kW is more than 90% 
efficient, so there is little room for major improvement here – even 
with quantum leaps in motor efficiency (say 5%). There is also little 
difference in motor technology between the various models, with an 
example being the (US manufactured) Tesla roadster achieving what 
were considered at the time to be milestone range and acceleration 
performance figures. Yet this was achieved using incremental de-
velopments: for example – using a single-speed transmission which 
improved efficiency and reduced mass to such an extent that the Tesla 
roadster was able to meet acceleration and range claims that almost 
all industry specialists doubted would be possible when they were 
initially publicised. The Tesla roadster unsurprisingly also used the 
best battery technology that was available at the time.

While they enjoy the obvious maintenance and reliability advan-
tages that are associated with the fewer parts count of electric vehicles 
– the technology is so new that there will undoubtedly be teething 
problems with early commercial models. Being mature technology 
- the electric motors and drive electronics should enjoy exemplary 
reliability, but it goes without saying that there will be longer-term 
reliability issues related to the batteries. Although cellphone battery 
reliability has perceptibly improved in recent years – the authors can’t 
help doubting 10 year lifetime claims for the (Lithium-Ion) battery 
packs in some electric vehicles. Very much to their credit - at least 
in marketing plans – Optimal Energy has sensibly taken any battery 
reliability risk out of prospective Joule owners’ hands by leasing the 
battery pack and never selling it outright.   

One could not presently discuss the recent developments and 
projected future of electric vehicles without considering fuel-cell, bio-
fuel and hydrogen power options. Given the limited permitted length 
of this article – and especially the fact that this has been drastically 
exceeded – the most objective and succinct opinion about this is the 
Optimal Energy team’s comment:

‘…transportation will not be a single technology scenario and 
bio-fuels and hydrogen will play a part in the next few decades. 
However, electricity and batteries given their respective efficiencies 
will dominate the immediate future of urban transport.’  

All of this further highlights the fact that electric vehicles are 
primarily about batteries and battery technology. There has certainly 

been much development of electric motors for traction applications 
in the last quarter-century, but the major change has been from dc 
traction motors to ac squirrel-cage units, driven by Variable Speed 
Drives (again the VSD’s importance to motors is confirmed). The 
development of permanent magnet and axial flux traction motors is 
worth mentioning here but even these have not enjoyed significant 
adoption in production vehicles, and they too are dependent on VSDs 
for optimum performance – in some cases even for basic operation.  

The fact of the matter is that if battery technology improved 
overnight to say twice the capacity for a third of the mass (retaining 
acceptable reliability) – electric vehicles would follow in large num-
bers. The reliance on fossil-fuel generated charging power would not 
matter because the operating costs are so much lower for an electric 
vehicle, as well as the zero emissions that pure electric vehicles 
enjoy. So in the authors’ opinion – battery technology will enjoy far 
more attention and development in the next 25 years than rotating 
electrical machines will.   

The preceding reference to ‘rotating electrical machines’ as op-
posed to ‘motors’ highlights the second most important factor about 
these machines in vehicle drive-train applications, but one that is 
widely unappreciated and even unknown: The rotating electric ma-
chine in an electric vehicle acts just as much as a generator than as 
a motor - allowing regenerative braking. This function is absolutely 
crucial to their high overall efficiency in electric vehicles, driven in 
urban environments where braking is common.    

As a final remark on electric vehicles: reflecting again on the fact 
that 38% of US automobiles in 1900 were electric – one is reminded 
that for centuries trains have been powered by electric motors and 
hence obviously by electricity. The only difference is that their power 
is transferred to the locomotives via a cable (catenary and pantograph) 
system, and of course they are consequently limited to very much 
predefined routes! They are nevertheless still electrically powered 
vehicles. One cannot help wondering if the distant future will involve 
electrically-powered vehicles without batteries but with some form of 
electric power transmission that still allows a free or random choice 
of route – safely of course (Joule for example operates on a 400 Vdc 
system). There is probably only one aspect of the road transportation 
industry 25 years from now that is certain: It is going to be extremely 
difficult to predict what importance electric motors will have then!

The last 25 years have seen little change in South Africa for 
rotating machines themselves, leaving the Joule electric vehicle the 
undisputed milestone. Eskom had, until recently, built up an envi-
able technical reputation at least among peers worldwide – and with 
good reason. Sadly, this was allowed to slip recently – dramatically 
and very publicly – creating a negative perception worldwide not just 
of Eskom but of the country as a whole. It doesn’t matter who is to 
blame and how little of this is attributable to Eskom itself or even to 
their engineers; the fact is that Eskom is about power generation and 
therefore about generators – the largest and most powerful rotating 
electrical machines in operation. For example - one cannot forget at 
least two high-profile generator incidents at Duhva power station in 
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the last decade. However, other Eskom stations enjoy world-class 
availability and obviously the accompanying excellent level of man-
agement that this requires. 

Another negative piece of South African history related to rotating 
electrical machines – and incidentally also to Eskom – was the Pebble 
Bed Modular Reactor (PBMR). This project involved some interesting 
high-speed generator technology – at least in conceptual design stage 
– that would have undoubtedly raised the electromechanical engi-
neering bar for South Africa if the project was ultimately successful.

The last negative aspect but a very important and far-reaching 
one is the gradual demise of the small motor manufacturing industry 
in South Africa. While this trend has afflicted many countries because 
of the global shift to low-cost countries such as China and India – the 
majority of other countries affected have been from the developed 
world where costs are a lot higher than in South Africa. One can’t 
help thinking that it should not have happened here, especially with 
South Africa widely considered the ‘springboard’ to Africa. 

As expected, the abovementioned development has had nega-
tive impacts on academic interest and funding in the field of rotating 
electrical machines. This is one area in the last 25 years where South 
Africa has at least been world-class in several areas: Professor Charles 
Landy for induction motor condition monitoring, Professors JD van 
Wyk and JA Ferreira for power electronics for motor drives, Professor 
Ron Harley for motor drives, Professor Jan Reynders for high volt-
age motor condition assessment, and recently Professor Pragasen 
Pillay for several aspects of power electronics and rotating electrical 
machines. Professor Pillay incidentally was recently awarded South 
Africa’s Order of Mapungubwe for international service of benefit to 
South Africa – in the company of previous recipients such as Nelson 
Mandela and FW de Klerk. 

Conclusion

So based on the last 25 years – where are we headed? With the glo-
bal priority, interest and prominence that electric vehicles (and even 
hybrids and fuel-cell powered vehicles) currently enjoy – coupled with 
at least the successful technical development of Optimal Energy’s 
Joule – one can only hope that this will act as some form of catalyst 
to motivate and direct the rotating machines electrical engineers, 
prospective academics and other interested and gifted students in 
South Africa towards electrical machines? Who knows – with the right 
environment - maybe even some passionate world-class specialists 
will emerge? For now, if a landmark technical success like Joule fails 
to convince decision-makers in South Africa to promote or approve its 
required financing; this unfortunately suggests that we’ll be import-
ing electric vehicles – and increasingly more electric motors – for the 
foreseeable future. If we do produce an electric vehicle – it will be an 
international design for one of the large OEMs in the same way we 
already produce some current models (very well fortunately). But 
unless we generate a few entrepreneurial engineers similar to Mark 

Shuttleworth for example – this is about as much as we can expect: 
We will remain a satellite in beautiful but darkest Africa, with most of 
our prospects for anything better moving on and applying themselves 
in countries that will no doubt benefit from them and motivate them. 
One can’t help thinking that this is a tipping point that could do so 
much good for South Africa (and beyond) for the next 25 years - if 
the right choices are made.
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