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Full size component testing of large and heavy 
machinery

Full size small & mid-range 
nacelle tests 

Power electronics tests
Pitch & Yaw cold starts
Hydraulic brake tests

Generator tests

Full functional 
electrical tests with or without

wind turbine auxiliaries 
(forced cooling, pumps, 

heating, expansion tank,…) 

R&D tests on the behavior
of fluids, oil and hydraulics
in a full functional set-up

Large climatic test chamber – example projects wind energy    

Climatic test lab = Environmental testing of large / heavy electro-mechanical machinery 
→ Functional testing under electrical, mechanical, hydraulic load during cold / hot / tropical / Humid environment



Focus = (functional) system & sub-system testing      



▪ Portuguese company founded in 1946

▪ Development, manufacture, marketing, technical support as well 
as after-sales service of pumps, pumping systems and fans

▪ Worldwide market→ extreme environments (Canada, Russia,…)

EFAFLU case (sub-system): cold start-up validation of transformer pumps

http://www.efaflu.pt/

http://www.efaflu.pt/


Wind turbine transformers – an essential component for energy harvesting 



Wind turbine transformer pumps – part of the distribution transformer system 



Potential failure modes of a pump at extreme cold temperatures

▪ Lubricants become viscous and stiff 

➔ exceptional load on the pump

▪ Rotating elements at risk 

➔ insufficient lubrication 

➔ different thermal expansion of sub components

▪ Motor during long cold start-up at risk

➔ overheating cause by high current demand

▪ Low temperatures effect on materials (plastics, metals, rubbers)

➔ brittle fracture of elements (sealings, cables, …)

(illustrative examples)

EFAFLU case: why performing a cold climate test?  

Poster and Paper available 
EWEA 2014: Cold start of a 5.5MVA 

offshore transformer 

http://proceedings.ewea.org/annual2014/conference/posters/PO_059_EWEApresentation2014.pdf
http://www.owi-lab.be/sites/default/files/Final_CG_paper%20Cold%20start%20and%20storage%20test%20on%205%205MVA%20WTG%20transformer.pdf




▪ According to EN 50216-7 standard: 

“Power transformer and reactor fittings; Part 7: Electric pumps for transformer oil”

➔ pumps required to perform cold start-up test at -25°C 

▪ During the test the pump shall reach full running speed following the conditions:

▪ At minimum voltage with oil at minimum temperature

▪ Without overheating or other adverse observations

EFAFLU extends standard requirements to a more severe scenario of -45°C !

EFAFLU test specifications   

▪ Extreme locations worldwide (China, Russia, Canada,…)

▪ Robustness & Reliability → ‘the new quality’



EFAFLU PUMPS SPECIFICATIONS
Model NTG 150 NTG 200 TGCL 100-200 100L TGCL 125-160 112M TGCL 150-200 132M

Type IN-LINE IN-LINE END-SUCTION END-SUCTION END-SUCTION

DN (mm) 150 200 100 125 150

Power (kW) 1.1 2.2 3.0 4.0 7.5

Frequency (Hz) 50 50 50 50 50

I (A) 2.6 4.5 6.4 8.0 14.1

RPM (at 400V) 1440 1440 1450 1450 1450

Impeller Diameter (mm) 148 199 190 185 215

Blade Angle (°) 13 13 - - -

OIL SPECIFICATIONS
Manufacturer Nynas AB

Name Nytro 10XN

Type Transformer Mineral Oil

Density (kg/m³) 874

Viscosity at -30°C (mm²/s) 730

Viscosity at 40°C (mm²/s) 7.6

EFAFLU pump specifications   



▪ Test setup to simulate the sub-system resistance

→ Sub-system test approach 

(= mimic the functional behavior in the wind turbine setting)

▪ Measurements during the test:

▪ Current

▪ Rotational speed

▪ Inlet oil temperature and pressure

▪ Outlet oil temperature and pressure

▪ Winding temperature

EFAFLU test description    



▪ Closed loop test setup placed in the climate chamber

▪ Sensors to monitor temperature, pressure and rotational speed

▪ Orifice plates with different diameters for different flow rates

EFAFLU test set-up – functional sub-system test     



For each pump under test the following procedure was executed:

1. Pump A is mounted in the test setup with orifice plate 

2. Cooling down of the chamber 

3. Oil temperature stabilization at -45°C 

4. Pump start-up at minimum voltage  

EFAFLU test procedure (1)  



5. Pump reaches nominal speed 

6. A, rpm, p, oil and winding T are recorded during the test

7. Pump A dismounted – Pump B mounted

8. Repeat 2-7

EFAFLU test procedure (2)  



EFAFLU measurement results – current & voltage   



EFAFLU measurement results – temperature   



Having completed all the tests with success, a full report for each pump was elaborated

The report contains:

▪ Full explanation of the test performed

▪ Test setup schemes

▪ Values recorded during cooling and during test

▪ Results and conclusions

Value driver = risk mitigation 

➔ EFAFLU encloses OWI-lab’s report among the pump documentation as
certification for application in cold climates – proof for customers

(OEM’s, transformer suppliers, O&M managers) that the 
product can survive & operate in -45°C 

EFAFLU conclusions    



Credits to the project team – example: replacing parts in extreme temperatures    



▪ Durability test in harsh environment (cold climate)
▪ cold start-up cycles at different T, …

▪ Fatigue tests in extreme temperatures 

➔ assessment of component lifetime 

Future R&D topics – risk mitigation topic / robustness & reliability topic    
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Climate chamber testing of integrated systems with components and sub-components from different partners

➔ Validation of Digital Twin approach in extreme temperatures

…

+

+

+

Future R&D topics – risk mitigation topic / robustness & reliability topic    
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