
  
 

www.emrax.com 

 

 

 

 

Technical Data and Manual for EMRAX 
Motors /  Generators 

 

 

 

 

            

 

 

 
 
 

 

 

  

http://www.emrax.com/


UserΩǎ aanual for Advanced Axial Flux Synchronous Motors and Generators 
 

www.emrax.com Version 5.1 / August 2018  2 

Contents 
 

1. Technical data of EMRAX motors................................................................................................................................................ 6 

EMRAX 188 Technical Data Table ............................................................................................................................................. 11 

EMRAX 208 Technical Data Table (dynamometer test data) ..................................................................................................... 13 

EMRAX 228 Technical Data Table (dynamometer test data) ..................................................................................................... 15 

EMRAX 268 Technical Data Table (dynamometer test data) ..................................................................................................... 17 

EMRAX 348 Technical Data Table ............................................................................................................................................. 21 

2. Motor types and additional motor parts................................................................................................................................... 23 

3. 3D drawings of EMRAX motors ................................................................................................................................................. 27 

4. Mounting the motor ................................................................................................................................................................. 27 

5. Power/torque transmission and shafts ..................................................................................................................................... 29 

6. Motor phase connectors (UVW) ............................................................................................................................................... 32 

7. Controlling direction, position and rotation speed of EMRAX motors ....................................................................................... 34 

8. Suitable controllers for EMRAX motors .................................................................................................................................... 37 

9. Two same sized EMRAX motors connected serially (EMRAX TWIN) ς stacking capability of EMRAX motors ............................. 38 

10. Redundancy ........................................................................................................................................................................... 39 

11. EMRAX motor as a generator and its integration into the hybrid system ................................................................................ 39 

12. EMRAX motor ingress protection (IP CODE) ............................................................................................................................ 39 

13. Motor cooling ......................................................................................................................................................................... 40 

14. EMRAX motor materials, quality and reliability ...................................................................................................................... 43 

15. EMRAX motor bearings and life expectancy ........................................................................................................................... 43 

16. Maintenance and protection of EMRAX motor against environmental disturbances .............................................................. 44 

17. Starting EMRAX motor (connecting the motor with controller): ............................................................................................. 45 

18. How to choose the correct EMRAX motor type for your application: ...................................................................................... 47 

19.  How to calculate power and torque for EV? .......................................................................................................................... 48 

20. EMRAX Certificates ................................................................................................................................................................. 50 

21. EMRAX disclaimer .................................................................................................................................................................. 50 

22. Service.................................................................................................................................................................................... 51 

 

 
  

http://www.emrax.com/


UserΩǎ aanual for Advanced Axial Flux Synchronous Motors and Generators 
 

www.emrax.com Version 5.1 / August 2018  3 

Table of Figures  

Figure 1: Emrax testing at Letrika d.d. ............................................................................................................................................ 5 

Figure 2: Sceme of EMRAX motor ................................................................................................................................................... 5 

Figure 3: EMRAX 188 drawing ........................................................................................................................................................ 6 

Figure 4: EMRAX 188 (IP21) ............................................................................................................................................................ 6 

Figure 5: EMRAX 208 drawing ........................................................................................................................................................ 7 

Figure 6: EMRAX 208 (IP 65) ........................................................................................................................................................... 7 

Figure 7: EMRAX 228 drawing ........................................................................................................................................................ 8 

Figure 8: EMRAX 228 (IP21) ............................................................................................................................................................ 8 

Figure 9: EMRAX 268 drawing ........................................................................................................................................................ 9 

Figure 10: EMRAX 268 (IP21) .......................................................................................................................................................... 9 

Figure 11: EMRAX 348 drawing .................................................................................................................................................... 10 

Figure 12: EMRAX 348 (IP65) with encoder .................................................................................................................................. 10 

Figure 13: Motor (stator) mounting.............................................................................................................................................. 27 

Figure 14: ESO SHAFT; bolt for ESO shaft  Figure 15: FSI SHAFT; bolt for FSI+SS shaft ................................................................ 28 

Figure 16: Mounting holes on front and back side of the motor ................................................................................................... 28 

Figure 17: X brackets .................................................................................................................................................................... 29 

Figure 18: SS+FSI (front power output) Figure 19: ESO (back power output) Figure 20: ESO+FSI (back and front power output) .. 29 

Figure 21: EMRAX transmission shafts .......................................................................................................................................... 30 

Figure 22: Standard motor shaft vs. extended shaft with outer splines (ESO) ............................................................................... 30 

Figure 23: ESO and FSI .................................................................................................................................................................. 31 

Figure 24: Standard motor shaft vs. EMRAX 268 shaft .................................................................................................................. 31 

Figure 25: FSI................................................................................................................................................................................ 31 

Figure 26: Motor with extended shaft from back motor side........................................................................................................ 32 

Figure 27: 1x UVW connectors ..................................................................................................................................................... 32 

Figure 28: 1x UVW mirrored connectors ...................................................................................................................................... 33 

Figure 29: 2x UVW connectors ..................................................................................................................................................... 33 

Figure 30: Resolver / encoder on back motor side ........................................................................................................................ 35 

Figure 31: Encoder with bracket          Figure 32: Resolver with bracket .................................................................................... 35 

Figure 33: EMRAX with hall sensors HS......................................................................................................................................... 36 

Figure 34: Motor phase connectors ς normal (UVW) and doubled (2xUVW) ................................................................................ 37 

Figure 35: EMRAX TWIN with tandem resolver (each resolver drives independent controller) ..................................................... 38 

Figure 36: EMRAX TWIN mounting ............................................................................................................................................... 39 

Figure 37: EMRAX IP21 ................................................................................................................................................................. 40 

Figure 38: EMRAX IP65 ................................................................................................................................................................. 40 

Figure 39: Motor cooling options ................................................................................................................................................. 41 

CƛƎǳǊŜ плΥ aƻǘƻǊ /ƻƻƭŀƴǘ CƛǘǘƛƴƎǎ ŦƻǊ ƻƴŜ ƳƻǘƻǊ όфлϲƻǊ мулϲύ ...................................................................................................... 41 

Figure 41: Motor Coolant Fittings mounting ................................................................................................................................. 42 

Figure 42: Combination of bearings for EMRAX motors ................................................................................................................ 44 

Figure 43: Straight connection of motor phase connectors to controller cables. .......................................................................... 45 

Figure 44: Angular connection of motor connectors to controller cables. Connection must be isolated with shrink hose! ........... 46 

Figure 45: Isolation of electrical phase connectors with shrink hose ............................................................................................ 46 

 

  

http://www.emrax.com/


UserΩǎ aanual for Advanced Axial Flux Synchronous Motors and Generators 
 

www.emrax.com Version 5.1 / August 2018  4 

Dear Customer, 
 
Congratulations on your purchase of the EMRAX high performance electric motor. 
This drive is a Slovenian product of a completely new type of pancake axial flux synchronous permanent magnet electric motor, 
which will keep its capability for a long time if treated properly.  It can also work as a generator with the same performance 
characteristics. The drive was developed for airplanes, where reliability is extremely important. Therefore, our target was to 
build a reliable, low weight, high power direct drive electric motor with high efficiency.   
 
¢ƘŜ ŘǊƛǾŜ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ǘŜǎǘŜŘ ōȅ wƻƳŀƴ {ǳǑƴƛƪΣ ŘƛǇƭΦ ƛƴƎΦ όCompany EMRAX d.o.o., till March 2016 company name was 
Enstroj d.o.o.). The first prototype was mounted onto the glider airplane Apis EA2 in 2005, when also the 1st electric flight in 
Slovenia and the 3rd in the world was made. The motor was also laboratory tested in Piktronik d.o.o in 2010, Siemens GmbH 
(May 2012) and Letrika d.d. (November 2014). Furthermore, our customers give us test results from their projects to confirm our 
test data. In February 2014 thermal tests were performed on EMRAX motors. The motor was exposed to shock tests from -плϲ/ 
to +16лϲ/ ŦƻǊ мт Řŀȅǎ όнпƘκŘŀȅύΣ this means 408 hours non-stop. EMRAX passed this examination with excellent results, without 
any damages. 
 
Meaning of EMRAX name:  
- EM stands for the Electric Motor,  
- R is the first letter of the innovatorΩǎ name, who is Roman  
- AX stand for the axial magnetic flux 
 
Motor is OUTRUNNER, meaning outer part (rotor) is rotating. 
 
EMRAX motor features:  
- Axial Flux 
- Permanent magnet synchronous motor 
- Input type: sinusoidal three phase 
- Lightweight - best in class power density (up to 10 kW/kg) 
- High torque at low RPM 
- Highly efficient (up to 98%) 
- Reliable (developed and produced for the airplane industry, EV and for other applications) 
- Compact and high-quality product 
- IP21 or IP65 
- EMC Compliant ς E marked (complies with essential protection requirements of 89/336/EEC) 
- Low cost 
- 3 Cooling options (Air/Liquid/Combined) 
- Low noise 
- No vibrations 
- Stacking capability (two same sized motors connected on the same shaft) 
 
The EMRAX engine can achieve high power even at relatively low rotation speeds due to high torque. It allows a gearless drive 
without the usual step-down gear unit which causes power losses, additional weight, complexity and maintenance. In the case 
where the lower output rotation is needed the reduction drive can be used, which allows even higher torque (power stays the 
same). 
 
The EMRAX motor ranks as the best high power density motor in the global market. Its power density is very high ς up to 10 
kW/kg. EMRAX motors have the best-in-class power density. The mechanical and no load electrical loses are very small, so 
EMRAX can run on high speed ς in which case very high motor power can be achieved (up to 330 kWp ς e.g. EMRAX 348 type). 
EMRAX motors use less material more efficiently to provide higher power densities than any comparable motor or generator. 
 
Our customers are and will be part of the field test, thus we are already excited about the experiences they will make with the 
new motor. 
 
First EMRAX engines as prototype have been sold since the year 2008. Through the years of experiences, we have made many 
improvements. The development is a never-ending story, therefore improvements will still be made. The customer assumes 
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responsibility to share the experiences made with the drive with the manufacturer, in order for the manufacturer to gather the 
know-how and identify possible weaknesses. 
 
The usage of EMRAX motors is in automotive, motorsport, off road, marine, industrial, aerospace applications. 
 
The orders are rising monthly, consequently we are prepared to raise the production quantity by multiplying the existing 
production cells and also start mass production. Even though motors are not made in high volumes, the advanced materials and 
proprietary construction techniques enable significant customer cost benefits. Therefore, EMRAX motors have a very 
competitive price in their class.  
 
Applications where EMRAX motors can be used: 
- Traction motors for on, off-road, rail and marine transport (hybrid or full electric). 
- Generators (especially where size and weight are important). 
- Integrated starter Generators (ISG) (start, generate and power boost from a small volume). 
- Hydraulic replacement (compact and efficient alternatives for hydraulic motors and starters). 
 
 

 

Figure 1: Emrax testing at Letrika d.d. 

 

 
Figure 2: Sceme of EMRAX motor 
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1. Technical data of EMRAX motors 
 

EMRAX motors/generators are advanced axial flux synchronous (BLAC) electric motors/generators. EMRAX motors are 

available in a range of torque and speed combinations and with variety of cooling options. EMRAX motor types (the number in 

the name means the diameter of the motor in mm): 

 

EMRAX 188:. 

 

 

 
Figure 3: EMRAX 188 drawing 

 

 

       
Figure 4: EMRAX 188 (IP21) 
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EMRAX 208:  

 

 

 
Figure 5: EMRAX 208 drawing 

 

 

 

       
Figure 6: EMRAX 208 (IP 65) 
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EMRAX 228:  

 

 

 
Figure 7: EMRAX 228 drawing 

 

 

 

       
Figure 8: EMRAX 228 (IP21) 
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EMRAX 268:  

 

 

 
Figure 9: EMRAX 268 drawing 

 

 

 

       
Figure 10: EMRAX 268 (IP21) 

 

 

 

 

 

http://www.emrax.com/


UserΩǎ aanual for Advanced Axial Flux Synchronous Motors and Generators 
 

www.emrax.com Version 5.1 / August 2018  10 

 

EMRAX 348: 

 

 
Figure 11: EMRAX 348 drawing 

 

       
Figure 12: EMRAX 348 (IP65) with encoder 

 

CUSTOMIZATIONS OF EMRAX MOTORS    

Customized motor winding: Even though we offer low/medium/high voltage motors, we can still make some winding 

modification for the customers that need higher/lower RPM according to their battery voltage.  

Customized motor shaft (only in case of bigger quantities) 

Special bearings for different magnitude and orientation of the force. 

Longer phase connectors (UVW): Up to 250 mm. 

Phase connectors on the mirrored side (on the left side instead on the right side). 
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EMRAX 188 Technical Data Table   

Technical data 

Type 
EMRAX 188 
High Voltage 

EMRAX 188 
Medium Voltage 

EMRAX 188 
 Low Voltage 

Air cooled = AC 

Liquid cooled = LC 

Combined cooled = Air + Liquid cooled = CC  
AC LC CC AC LC CC AC LC CC 

Ingress protection IP21 IP65 IP21 IP21 IP65 IP21 IP21 IP65 IP21 

Cooling medium specification  
(Air Flow = AF; Inlet Water/glycol Flow = 
WF; Ambient Air = AA) 
If inlet WF temperature and/or AA 
temperature are lower, then continuous 
power is higher. 

AF=20m/s; 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

AF=20m/s; 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/  

AF=20m/s; 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

Weight [kg] 7,0 7,3 7,2 7,0 7,3 7,2 7,0 7,3 7,2 

5ƛŀƳŜǘŜǊ Ǆ κ ǿƛŘǘƘ ώƳƳϐ 188 / 77 

Maximal battery voltage [Vdc] and full 
load/no load RPM 

400 Vdc (6400/7600 RPM) 270 Vdc (6750/7830 RPM) 100 Vdc (7000/7800 RPM) 

Peak motor power at max RPM (few min at 
cold start / few  seconds at hot start) [kW] 

60 

Continuous motor power (at 3000-6000 
RPM) depends on the motor RPM [kW] 

15 - 25 15 - 28 17 - 32 15 - 25 15 - 28 17 - 32 15 - 25 15 - 28 17 - 32 

Maximal rotation speed  [RPM] 6500 (8000 peak for few seconds) (with maximal battery voltage or magnetic field weakening) 

Maximal motor current (for 2 min if cooled 
as described in Manual) [Arms] 

200  300 800 

Continuous motor current [Arms] 100 150 400 

Maximal peak  motor torque  [Nm] 90 

Continuous motor torque [Nm] 50 

Torque / motor current [Nm/1Aph rms] 0,60 0,39 0,15 

Maximal temperature of the copper 
windings in the stator and max. 
ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ƳŀƎƴŜǘǎ ώϲ/ϐ 

120 

Motor efficiency [%] 92-96% 

LƴǘŜǊƴŀƭ ǇƘŀǎŜ ǊŜǎƛǎǘŀƴŎŜ ŀǘ нр ϲ/  ώƳҠϐ 12,0 5,0 0,8 

Input phase wire cross-section  [mm2] 10,2 15,2 38 

Wire connection star 

LƴŘǳŎǘƛƻƴ [Řκ[ǉ ώҡIϐ of 1 phase 92/102 40/44 5,4/6,0 

Controller / motor signal sine wave 

AC voltage between two phases 
[Vrms/1RPM] 

0,0384 0,0252 0,00923 

Specific idle speed (no load RPM) 
[RPM/1Vdc]   

19 28 75 

Specific load speed (depends on the 
controller settings)  

15 ς 19 22 ς 28 60 ς 75 

Magnetic field weakening (for higher RPM 
at the same power and lower torque) [%] 

up to 100 

Magnetic flux ς axial  [Vs] 0,033 0,022 0,008 

Temperature sensor on the stator windings kty 81/210 

Number of pole pairs 10 

Rotor Inertia_ LC motor  ώƪƎϝƳчϐ   0,0134 

Bearings (front:back) - FAG 
6204:6204 (for radial forces) or 6204:7204 (for axial-radial forces; for pull mode; focusing on very high axial load, e.g. for air 

propeller)  or 6204:3204 (for axial-radial forces; for pull-ǇǳǎƘ ƳƻŘŜΣ ʰҐнрϲύΤ ƻǘƘŜǊ ōŜŀǊƛƴƎǎ ŀǊŜ ǇƻǎǎƛōƭŜ όŜȄŎŜǇǘƛƻƴŀƭƭȅύ 
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Graphs valid for EMRAX High Voltage Combined Cooled (CC) motor type: 

 

 

 

 
Graphs of the EMRAX 188 Medium and Low voltage motor type: 
Graphs of EMRAX 188 Low Voltage and EMRAX 188 Medium Voltage are similar to graphs of EMRAX 188 High Voltage. The only 
differences are the DC voltage and motor current. These two parameters can be read from the Technical data table for the 
EMRAX 188 Low and Medium Voltage motor.  
Low Voltage motor needs 4 x higher motor current and 4 x lower DC voltage for the same power/torque and RPM, compared to 
EMRAX 188 High Voltage motor.  
Medium Voltage motor needs 1.52 x higher motor current and 1/3 lower DC voltage for the same power/torque and RPM, 
compared to EMRAX 188 High Voltage motor. 
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EMRAX 208 Technical Data Table (dynamometer test data) 

Technical data 

Type 
EMRAX 208 
High Voltage 

EMRAX 208 
Medium Voltage 

EMRAX 208 
 Low Voltage 

Air cooled = AC 
Liquid cooled = LC 
Combined cooled = Air + Liquid cooled = CC 

AC LC CC AC LC CC AC LC CC 

Ingress protection IP21 IP65 IP21 IP21 IP65 IP21 IP21 IP65 IP21 

Cooling medium specification  
(Air Flow = AF; Inlet Water/glycol Flow = 
WF; Ambient Air = AA) 
If inlet WF temperature and/or AA 
temperature are lower, then continuous 
power is higher. 

AF=20m/s; 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

AF=20m/s; 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/  

AF=20m/s; 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

WF=8l/min 
ŀǘ рлϲ/Τ 
!!Ґнрϲ/ 

Weight [kg] 9,1 9,4 9,3 9,1 9,4 9,3 9,1 9,4 9,3 

5ƛŀƳŜǘŜǊ Ǆ κ ǿƛŘǘƘ ώƳƳϐ 208 / 85 

Maximal battery voltage [Vdc] and full 
load/no load RPM 

470 Vdc (5170/7050 RPM) 320 Vdc (5760/7040 RPM) 125 Vdc (6250/7250 RPM) 

Peak motor power at max RPM (few min 
at cold start / few  seconds at hot start) 
[kW] 

75 

Continuous motor power (at 3000-5000 
RPM) depends on the motor RPM [kW] 

20 - 32 20 - 32 25 - 40 20 - 32 20 - 32 25 - 40 20 - 32 20 - 32 25 - 40 

Maximal rotation speed  [RPM] 6000 (7000 peak for a few seconds) (with maximal battery voltage or magnetic field weakening) 

Maximal motor current (for 2 min if cooled 
as described in Manual) [Arms] 

200  320 800 

Continuous motor current [Arms] 100 160 400 

Maximal peak  motor torque  [Nm] 140 

Continuous motor torque [Nm] 80 

Torque / motor current [Nm/1Aph rms] 0,80 0,50 0,19 

Maximal temperature of the copper 
windings in the stator and max. 
ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ƳŀƎƴŜǘǎ ώϲ/ϐ 

120 

Motor efficiency [%] 92-97% 

LƴǘŜǊƴŀƭ ǇƘŀǎŜ ǊŜǎƛǎǘŀƴŎŜ ŀǘ нр ϲ/  ώƳҠϐ 14,0 6,0 1,0 

Input phase wire cross-section  [mm2] 10,2 15,2 38 

Wire connection star 

LƴŘǳŎǘƛƻƴ [Řκ[ǉ ώҡIϐ of 1 phase 125/130 52/56 7,2/7,5 

Controller / motor signal sine wave 

AC voltage between two phases 
[Vrms/1RPM] 

0,0487 0,0319 0,0117 

Specific idle speed (no load RPM) 
[RPM/1Vdc] 

15 22 58 

Specific load speed (depends on the 
controller settings) [RPM/1Vdc] 

11 ς 15 17 ς 22 50 ς 58 

Magnetic field weakening (for higher RPM 
at the same power and lower torque) [%] 

up to 100 

Magnetic flux ς axial  [Vs] 0,0393 0,0257 0,0095 

Temperature sensor on the stator windings kty 81/210 

Number of pole pairs 10 

Rotor Inertia LC motor [kg*Ƴчϐ   0.023 

Bearings (front:back) - FAG 
6206:6206 (for radial forces) or 6206:7206 (for axial-radial forces; for pull mode; focusing on very high axial load, e.g. for air 

propeller) or 6206:3206 (for axial-radial forces; for pull-push modeΣ ʰҐнрϲύΤ ƻǘƘŜǊ ōŜŀǊƛƴƎǎ ŀǊŜ ǇƻǎǎƛōƭŜ όŜȄŎŜǇǘƛƻƴŀƭƭȅύ 
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Graphs valid for EMRAX High Voltage Combined Cooled (CC) motor type: 

 

    
 
 

    
 
 
Graphs of the EMRAX 208 Medium and Low voltage motor type: 
Graphs of EMRAX 208 Low Voltage and EMRAX 208 Medium Voltage are similar to graphs of EMRAX 208 High Voltage. The only 
differences are the DC voltage and motor current. These two parameters can be read from the Technical data table for the 
EMRAX 208 Low and Medium Voltage motor.  
Low Voltage motor needs 4 x higher motor current and 4 x lower DC voltage for the same power/torque and RPM, compared to 
EMRAX 208 High Voltage motor.  
Medium Voltage motor needs 1.52 x higher motor current and 1/3 lower DC voltage for the same power/torque and RPM, 
compared to EMRAX 208 High Voltage motor. 
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