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DearQustomer,

Congratulations on your purchasetbe EMRAMigh performanceslectric motor.

This drive is a Slovenian product of a completely new type of pancake axial flux synclpemasent magnetlectric motor,
which will keep its capability for a long time if treatpabperly. It can also work as a generator with the sapsgformance
characteristics The drive was developed for airpla&here reliability is extremely importanTherefore our target was to
build areliable, low weight, high power direct drive electric motor with high efficiency.

¢KS RNRAGS 41 a RSGOSt2LISR | y KonpSsEMBAX d.0.¢@till Magchy2016 cdmpay/nareivask A LI ¢
Enstroj d.o.0. The first pototype was mounted oto the glider airplane Apis EA2 in 20@8hen also the 1st electric flight in

Slovenia and the8in the world was madeThe notor was also laboratory tested iPiktronik d.o.o in 201,Biemens GmbH

(May 2012) and Letrika d.(November 2014). Furthermoyeur customers give us test results from their projetEonfirmour

test data. In February 2014 thermtakts were performed on EMRAX motoffie notor was exposedtb shock tests fromn n c /
to+lenc/ TF2NJ mT tRi$ ndedns 408 molrs rigstop. EMRAX passed this examination with excellent results, without
any damages.

Meaning of EMRAX name:

- EMstands forthe Electric Motor,

- Ris the first letter ofthe innovatorQ @ame, who is Roman
- AXstand for theaxialmagnetic flux

Motor isOUTRUNNERheaning outer part (rotor) is rotating

EMRAX motor features:

- Axial Flux

- Permanent magnet synchronous motor

- Input type: sinusoidal three phase

- Lightweight- bestin class power density (up to k0V/kg)

- High taque at low RPM

- Highly efficient (up to 98%o

- Reliable (developed and produced fbe airplane industry EV and for otheapplication$
- Compact and higlyuality product

-1P21 or IP65

- EMC Compliant E marked (complies with essential protecti@guirements of 89/336/EEC)
- Low cost

- 3 Cooling options (Air/Liquid/Combined)

- Low noise

- No vibrations

- Stacking capability (two same gizmotors connected on the same shaft)

TheEMRAX engine can achieve high power even at relatively low rotation speeds due to high torque. It allows a gearless drive
without the usual stegdown gear unit which causes power losses, additional weight, complexity and maintenatieecise

where thelower output rotation is needethe reduction drive can be used, which allows even higher torque (power stays the
same).

TheEMRAX motor rankasthe besthigh power density motor in the global market. Ifower density is very higtup to 10
kW/kg.EMRAX motors havehe bestin-class power densityLhe nechanical and no load electrical loses are very small, so
EMRAX can run on higpeedc in which case very high motor power can be achieftazito 33 kWp¢ e.g. EMRAX 348 type).
EMRAX motors use less ragal more efficiently to provide higher power densities than any comparable motor or generator.

Our customers are and will be part tie field test thuswe are already excitedbout theexperiences thewill make with the
new motor.

FirstEMRAX engirsas prototypehave beersold since theyear 2008. Througthe years of experiencesve havemade many
improvements.The dvelopment isa neverendingstory, therefore improvements will still be mad&@he customer assumes
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responsibility to sharéhe experiences made with the drive with the manufacturierprder for the manufacturer tgatherthe
know-how ard identify possible weaknesses.

The usage of EMRAX motors is in automotive, motorsport, off road, marine, industrial, aerospace applications.

The orders are rising monthlgonsequentlywe are prepared to raise the production quantity by multiplying the existing
production cells and alsstart mass productiorEven though motors are not made in high voluntes advanced materials and
proprietaryconstruction techniques enable significant customer cost benéfhierefore EMRAX motors hawvaevery
competitive price in their class.

Applications where EMRAX motors can be used:

- Traction motors for on, offoad, rail and marine transport (hybrid &rll electric)

- Generatorgespecially where size and weight are important

- Integrated starter Generators (IS@jart, generate and poweboostfrom a small volumg

- Hydraulic replacemenfcompact and efficienalternativesfor hydraulic motors and starteys

Figurel: Emrax testing at Letrika d.d.

FRONT N - —T| BACK

MOTOR 1} | MOTOR

SIDE SIDE

EMRAX MOTOR PARTS SCHEME

Figure2: Sceme of EMRAX motor
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1. Technical data of EMRAX motors

EMRAX motors/generators aaglvanced axial flusynchronous (BLAC) electric motors/generatoEMRAX motors are
available in a range of torque and speed combinations and with variety of cooling ofEIRRAX motor type@he number in
the name means the diameter of the motor in mm):

EMRAX 188:

BACK VIEW SIDE VIEW FRONT VIEW
117.50
7188 109,50
77,50

6x60°

D62

Mé

Figure3: EMRAX 188 drawing

Figured: EMRAX 188 (IP21)
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EMRAX 208:
BACK VIEW SIDE VIEW FRONT VIEW
125
D208 117
§ 1 ExMAS 85
\b‘a’

78

1
I rl
g

Figure5: EMRAX 208 drawing

Figure6: EMRAX 208 (IP 65)
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EMRAX 228
BACK VIEW SIDE VIEW FRONT VIEW
124
118
86

. piB
B
Ex60

Figure7: EMRAX 228 drawing

Figures: EMRAX 228 (IP21)
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EMRAX 268

BACK VIEW SIDE VIEW FRONT VIEW

Ex &0

HBs

Figure9: EMRAX 268 drawing

Figure10: EMRAX 268 (IP21)
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EMRAX 348

BACK VIEW SIDE VIEW FRONT VIEW

147
141 Hed

199 ]

bt g 0 || i

Figurel2. EMRAX 348 (IP65) with encoder

CUSTOMIZATIONS BMRAX MOTORS

Customizednotor winding: Even though we offémw/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 shafonly in case of bigger quantities)

Special bearings for different magnite and orientation of the force

Longer phase connectors (UVW): 1d250 mm.

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

Type

EMRAX 188 EMRAX 188 EMRAX 188

High Voltage Medium Voltage Low Voltage
Technical data
Air cooled = AC
Liquid cooled = LC AC LC CcC AC LC CEC AC LC CcC
Combined cooled = Air + Liquid cooled = (
Ingress protection 1P21 IP65 1P21 1P21 IP65 P21 1P21 IP65 1P21

Cooling medium specification
(Air Flow = AF; InletVater/glycol Flow =

WE: Ambient Air = AA) AF=20m/s: :./\/E=8|/m;:l‘ V\{Fzsllmln[ AF=20m/s: V\{-FESmef V\{.FESImmI AF=20m/s: V\{Fzsllmln[ V\{Fzsllmln[
If inlet WF temperature and/or AA 'l THp P Pl rap P Pl oy Pup p p

) 11 THp !'!'THup ' THp !'!1THp 11 THp !'!THp
temperature are lower, then continuous
power is higher.
Weight [kg] 7.0 73 72 7,0 73 72 7.0 73 72
5AFYSGSNI DZ k 6ARGK 188/ 77
AR ISy VB R ol | el ] 400 Vdc (6400/760RPM) 270 Vdc (6750/7830 RPM) 100 Vdc (7000/7800 RPM)
load/no load RPM
Peak motor power at max RPM (few mat 60
cold start / few seconds at hot start) [kKW]
Continuous motor power (at 3008000 15-25  15-28 17-32  15-25  15-28  17-32  15-25  15-28 17-32

RPM) depends on the motor RPM [kW]
Maximal rotation speed [RPM] 6500 (8000 peak for few secondsyith maximal battery voltage or magnetic field weakening)
Maximal motor current (for 2 min if cooled

as described in Manual) [Arms] 200 300 800
Continuousmotor 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. 120

USYLISNI Gdz2NB 2F 0KS

Motor efficiency [%] 92-96%

LYGSNYFf LIKIF&AS NBaa 12,0 5,0 0,8
Input phase wire crossection [mn¥] 10,2 15,2 38
Wire connection star

Ly RdzOG A 2 yof Lpphasg lj x| 92/102 40/44 5,4/6,0
Controller / motor signal sine wave

'R/Crr‘:qos';i‘g?:&?twee” D [FhEEES 0,0384 0,0252 0,00923
Specific idle speed (no load RPM

[RpPM/1Vdc] pecd( ) =) & £
e i
Magnetic field weakening (for higher RPM up 0 100

at the samepower and lower torque) [%]

Magnetic fluxg axial [Vs] 0,033 0,02 0,008
Temperature sensor on the stator windings kty 81/210

Number of pole pairs 10

Rotor Inertia LC motor®] I F Yu 8 0,0134

6204:6204 (foradial forces) or 6204:7204 (for axialdial forces; for pull mode; focusing on very high axial load, e.qg. for

SEENIYS (MEIIE Y (RS propeller) or 6204:3204 (for axiedial forces; for pullddzda K Y2 RSE hl'upc 0T 2GKSNJ 6St
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Graphs validor EMRAX High Voltage Combined Cooled (CC) motor type:

70,00 120
: \A EMRAX 188 High Voltage CC
= ef
EMRAX 188 High Voltage CC .o 188
60.00 iciency map
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E E 100
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Note 1: for determening peak or continuous power (kW) you should choose motor speed and than read power from chosen power curve
(in the left graph side)
Note 2; for determening peak or continuous torque (Nm) you should choose motor speed and than read torque from chosen torque curve 0
(in the right graph side) o 1000 2000 3000 4000 5000 6000 7000 8000
Motor speed [rpm]

2000,00 =
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%0 orque vs. Irms 3
160000 Free run losses

* 1400,00 ~
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H 200,00 //
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200,00
20 0,00
i 0 1000 2000 3000 4000 5000 6000 7000 8000
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0
0 s0 100 150 200 250
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Graphs of the EMRAX88 Medium and Low voltage motor type:
Graphs of EMRA88 Low Voltage and EMRAER3 Medium Voltage are similar to graphs of EMR&XHigh Voltage. The only

differences & the DC voltage and motor current. These two parameters can be read from the Technical data table for the
EMRAX88 Low and Medium Voltage motor.

Low Voltagenotor needs 4 x higher motor current and 4 x lower DC voltage for the same power/torque ancc&Rpared to
EMRAXL88 High Voltage motor.

Medium Voltagemotor needs 1.52 x higher motor current and 1/3 lower DC voltage for the same power/torque and RPM,
compared to EMRAX38 High Voltage motor.
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EMRAX 208 Technical Data Tafdgnamometer test data)

Type
EMRAX 208 EMRAX 208 EMRAX 208

High Voltage Medium Voltage Low Voltage

Technical data
Air cooled = AC

Liquid cooled = LC AC LC CcC AC LC CC AC LC CcC
Combined cooled = Air + Liquid cooled = (
Ingress protection 1P21 IP65 P21 P21 IP65 P21 P21 IP65 P21

Cooling medium specification
(Air Flow = AF; Inlet Watéglycol Flow =

WE; Ambient Air = AA) AF=20m/s: V\:.FESI/mmI V\:-FESmef AF=20m/s: V\f?l/mmf W.Fzsllmln[ AF=20m/s: V\:-FESmef V\:-FESmef

If inlet WF temperature and/or AA I I THp P P I THp p P 11 Tup P P
: T THp !'!I'THp I THp ! ! THp T THp !'!I'THp

temperature are lower, then continuous

power is higher.

Weight [kg] 9,1 9,4 9,3 9,1 9,4 9,3 9,1 9.4 9,3

5A YSGSNI DZ k 6ARGK 208/ 85

I o EE el el el 470 Vdc (5170/7050 RPM) 320 Vdc (5760/7040 RPM) 125 Vdc (6250/7250 RPM)

load/no load RPM

Peak motor power at max RPM (few min

at cold start / few seconds at hot start) 75

[kw]

Continuous motor power (aB00G-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)ith maximal battery voltage or magnetic field weakening)

Maximal motor current (for 2 min if cooled

as described in Manual) [Arms] ALY € el

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. 120

GSYLISNI Gd2NE 2F (KS

Motor efficiency [%] 92-97%

LYGSNYFf LIKF&AS NBaa 14,0 6,0 1,0

Input phase wire crossection [mn¥] 10,2 15,2 38

Wire connection star

LyRdzOGA 2 yoflphast |j x| 125/130 52/56 7,2/7,5

Controller / motor signal sine wave

AC voltage between two phases

[Vrms/IRPM] 0,0487 0,0319 0,0117

Specific idle speed (no load RPM)

[RPM/1Vdc] = e o

Specific load speed (depends on the

controller settings) [RPM/1Vdc] et 1rc22 UGS

Magnetic field weakening (for higher RPM up to 100

at the same power and lower torque) [%] P

Magnetic fluxg axial [Vs] 0,0393 0,0257 0,0095

Temperature sensor on the stator winding kty 81/210

Number of pole pairs 10

Rotor InertiaLC motofkg*Y u 6 0.023

6206:6206 (for radial forces) or 6206:7206 (for axaalial forces; for pull moddpcusing on very high axial loaglg. forair

SEENIYS ((EE (RO propeller) 0r6206:3206 (foraxialradial forcesfor pulkpushmodeZ h I'Hpc 0T 2GKSNJ 6 S| NA y 3
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Power (red/green solidline) [kW]

=MRAX

INNOVATIVE E-MOTORS UselQ a anaalfor Advanced Axial Flux Synchronousokdrs and Generators

Graphs valid foEMRAXHigh VoltageCombined Cooled (CC) motor type

70,00

EMRAX 208 High Voltage CC ,/k*’/ 0
Peak power |

8
8

8
8

Peak torque

8
8

8
8

8
8

Torque ( red fgreen dashedline) [Nm]

5
8

0,00 0
0 1000 2000 3000 4000 5000 6000
Motor speed [rpm]

Note 1: for determening peak or continuous power (kW) you should choose motor speed and than read power from chosen power curve
(in the left graph side)
Note 2: for determening peak or continuous torque (Nm) you should choose motor speed and than read torque from chosen torque curve
(in the right graph side)

Graphsof the EMRAX 208 Medium and Low voltage motor type:

Graphsof EMRAX 208 Low Voltage and EMRAX 208 Medium Voltage are similar toagfaptigAX 208 High Voltage. The only
differences arehe DC voltage and motor current. These two parameters can be read from the Technical data tétde for
EMRAX 208 Low and Mediurol¥ge motor.

Low Voltagenotor 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 Voltagemotor 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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