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⎪ Local manufacturing, beneficiation and food processing ⎪

A
CTOM Turbo Machines is a turbo-
machinery specialist division that 
maintains and repairs steam and 
gas turbines; radial and centrifugal 

integrally geared compressors; reciprocating, 
screw and lobe compressors; ID and FD fans 
and blowers; single- and multi-stage high-
pressure pumps; and all other high speed 
rotating equipment along with the associated 
turbo train auxiliaries.

“We can deal with units of up to 200 MW 
in the power generation sector, but we mostly 
service the industrial sectors – petrochemi-
cal, oil & gas, steel, mining, sugar and paper 
and pulp – that generally use units of below 
100 MW,” Gulbis tells MechChem Africa.

“We are one of the 39 operating units 
within the ACTOM Group, which is the larg-
est manufacturer, solution provider, repairer, 
maintainer and distributor of electro-me-
chanical equipment in Africa,” he says.

ACTOM Turbo Machines operates within 
ACTOM Marthinusen & Coutts, the leading 
repairer of electrical rotating machines in 
Africa and, together, they offer a full electro-
mechanical solution to the market. 

“We also partner with specialist companies 
to take responsibility for the intermediate 
and high-speed gearboxes that are often con-
nected to these drive trains. The gear teeth 
on these are ground to a precise profile that 
straightens under torque to maximise contact 
and minimise transmission stresses on the 
teeth. It is not a trivial matter to remanufac-
ture and grind these gears,” he notes.

The division’s offering is divided into two 
areas, namely site services and workshop 
services. “We offer a complete field and 
technical services team led by a senior turbine 
technician available for either permanent or 
temporary deployment to a customer site. 
We are very lucky to have a large cohort of 22 
turbine fitters, ably assisted by 20 mechanical 
fitters. This enables us to do planned and gen-
eral maintenance and fault finding along with 
emergency site repairs and recommissioning,” 
Gulbis says, adding that “a truly 24/7” service 
response culture is integral to the offering. 

In addition, at the division’s Sasolburg 
premises in Naledi Industrial Park, experi-
enced workshop engineers and technicians 
working according to rigorous quality con-

Turbo machines and 
reverse engineering

The ACTOM Turbo Machines’ fitting and inspection workshop.

Inspection of newly manufactured tilting-pad bear-
ings for a centrifugal compressor.

A reverse engineered impeller and pinion for an inte-
grally geared compressor. Inset: the components prior 
to assembly.

Reverse engineered labyrinth seal segments after 
remanufacture for the refurbishment of steam 
turbine inter-stage diaphragms.

MechChem Africa visits ACTOM Turbo Machines in Sasolburg, a division of ACTOM 
(Pty) Ltd, and talks to Mark Gulbis, project engineer, about his division’s expertise in 
the maintenance repair and reverse engineering of high-speed rotating machines.

trol procedures and specifications carry out 
workshop-based inspections, refurbishments 
and repairs. “Here we have the capacity to 
reverse engineer and remanufacture com-
ponents before reassembling the equipment 
and restoring it to full health so that it can be 
safely and quickly put back into productive 
service,” Gulbis assures.

“Together with Marthinusen & Coutts, 
we have vast experience and an extensive 
network in Africa with workshops in various 
southern African countries.” 

Reverse engineering for a faster 
response at lower costs
Gulbis believes that reverse engineering 
became part of the maintenance culture of 
South Africa back in the days of sanctions and 
embargoes. “Our large state-owned entities 
in the petrochemical and steel industries, for 
example, had no choice but to create their 
own drawings, because the overseas OEMs 
were not allowed to support the installed 
base,” he says. 

“Today, though, reverse engineering is very 
much market- and end-user-driven. End-users 
always need alternatives to OEMs, as they 
cannot rely on any single-source supplier to 
act in their best interests. Plant operators can 
never allow themselves to be monopolised, 
which almost always leads to higher prices 
and falling response times.

“Reverse engineering also helps end-users 
mitigate against escalating costs, maximise 
response times, minimise downtime and 

it allows them to establish far better local 
service support structures,” Gulbis says. “So 
this is where division’s such as ACTOM Turbo 
Machines find their niche; supplying end-
users with responsive maintenance services 
and cost-effective reverse engineered parts 
that are not readily available on the after-
market,” he adds.

All maintenance service providers do re-
verse engineering to some extent, repairing 
parts when spares are scarce, for example, 
or when the repair can be done more quickly 
and/or at a lower cost than purchasing a re-
placement from the OEM. 

“We at ACTOM sell ourselves on our 
repair capabilities. For us, this entails being 
very knowledgeable about the form and the 
function of the turbo machines we deal with: 
understanding the operating principles; how 
each component is manufactured, the mate-
rials used; how the machines are assembled; 
how they start up; how they operate; and how 
they are shut down. 

“We need to know that every new part we 
put back into a machine is fit-for-purpose and 
does not negatively influence the operation 
of any other part in any way. We make an 
effort to understand each of the hundreds of 
components that make up a machine, because 
the ones we reverse engineer might have a 
significant or catastrophic effect on some 
of the others,” Gulbis tells MechChem Africa. 

He says that simple reverse engineering 
involves taking a new part, measuring it, 
identifying the materials of construction and 

then manufacturing an identical copy. “The 
complex reverse engineering that we tend to 
offer, however, involves manufacturing pro-
cesses and materials that are not that straight 
forward or easy to work with,” he notes.

Emphasising the engineering aspect of 
reverse engineering, he says that experience 
of the machines, its components and the 
technologies involved is critical. “On a turbo 
machine drive train, you cannot simply disas-
semble and remanufacture the broken parts,” 
he warns, before beginning to describe a 
successful recent project: the refurbishment, 
reverse engineering and life extension of a 
fleet of multi-stage high-pressure descaler 
pumps for the steel industry. 

“These are very high-pressure (160  bar) 
water pumps that spray water through 
nozzles to peel off the scale on milled plate 
coming out of a hot steel mill,” he explains, 
adding that 160 bar is a “massive pressure” 
for an incompressible fluid such as water. In 
addition, “the environment is harsh, the water 
quality is not great and these seven-stage 
pumps weren’t lasting longer than six months”.

Gulbis believes that “typical OEM tenden-
cies” applied in this case: lax responsiveness, 
long delivery times and indifferent services 
along with high aftermarket pricing. “The 
end-user was frustrated with the price from 
the OEM and, with six units installed, was 
looking for a lasting solution. This gave us the 
opportunity to compete on price and delivery 
and, even including the additional cost of 
reverse engineering, we were able to quote 
a lower price and to slash the OEM delivery 
time of eight months to four.” 

Describing the reverse engineering pro-
cess, he says that it begins with very system-

atic disas-
sembly, with 
every component being 
carefully examined and pre-
cisely measured. “There is a misconception 
that you have to have high tech software to 
properly capture the dimensions needed for 
reverse engineering. But what is really needed 
is sound knowledge of which dimensions are 
important. Sometimes the geometric primi-
tives – shaft diameters, cone angles and flat 
plane shapes, for example – are the critical 
ones,” he adds. 

Once disassembled and measured, compo-
nent drawings are created using SolidWorks, 
after which the disassembly data is used to 
produce a re-assembly drawing. “As with all 
turbo machinery, for this pump we had to 
understand all of the impeller clearances and 
fits and each component’s exact axial posi-
tion,” explains Gulbis.

“Although the components of pumps such 
as these should be identical, it is the final 
assembly that determines how effectively 
the machine will work. We usually find that 
tweaks are necessary at final assembly stage, 
no matter how precisely the individual com-
ponents have been manufactured,” he adds.

“Over the entire 2,5-m lengths of their 
shafts, these multistage pumps need impellers 
and wear rings with the correct fit and clear-
ances, which typically have to be better than 
0.4-mm. In operation, the shaft is also flexible, 
so at these tight tolerances, the impellers and 
wear rings will touch,” he points out.

One of the key engineering decisions 
made for this project was to apply a tungsten 
carbide HVOF thermal coating to each wear 
ring to slow down wear rates. “These rings are 
fitted at the impellers on the inlet side of each 
stage. Tight tolerances are needed to reduce 
the amount of recirculation from the impeller 
outlet, which increases the risk of the rotating 
impeller rubbing against the wear ring. By 
adding a wear-resistant coating to these rings, 
we were able to maintain this tight tolerance 
for longer, which means the pump can now 
maintain its high pressure performance for 
longer,” Gulbis informs MechChem Africa.

There is a wear ring in front of each of the 
seven impellers of these units. In addition, 

the rings on the balance piston were also 
coated. “Balance pistons are often found in 
turbo machines that produce thrust. On this 
pump, for example, all the impellers face the 
same way, so water pressure forces the shaft 
back towards the inlet end. The balance pis-
ton counteracts this by tapping off some of 
the high-pressure water from the outlet side 
and using it to push against the shaft in the 
opposite direction. This significantly reduces 
the load on the thrust bearings,” he explains.

When components have failed or worn, 
Gulbis says that the reverse engineering task 
becomes trickier. To manufacture or repair 
anything, he says one needs to know what the 
original part was like. “When there is material 
missing or a component has failed completely, 
it becomes more difficult to recreate its origi-
nal form – and there is often very little history 
or design data, either. 

“This is where experience and knowledge 
of these types of machines becomes es-
sential,” he suggests. “The OEM can simply 
download the original component drawing 
and remanufactures to the original specs. 
While we can’t, we tend to constantly look for 
ways to improve the component to prevent 
re-occurrence of a problem or to extend the 
component life. This means we can often im-
prove the reliability or life of the equipment 
through the reverse engineering process,” he 
says, adding that even remanufacturing of 
simple components can get complex due to 
the materials and heat treatments required 
to ensure lasting performance.

Mark Gulbis is currently taking over the 
quality management role and ACTOM Turbo 
Machines and preparing for ISO 9001 2015 
certification. “We have had consultants come 
in to give us generics about quality in manu-
facture, but our offering is very specific to 
turbo machinery. So we are now creating qual-
ity systems from scratch that are specific to 
Turbo machinery and rotating equipment. q


