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This controller is used for the secure and broad monitoring and the generation of signals and rotary
fields in order to use the brushless DC motor HPD10. Therewith, it is possible to use electric drive
systems for aviation applications.

Features:

The Smart Drive Controller, in the following named SDC, was in combination with the Frequency
Converter designed as a drive management system. Here, our primary concerns were the security
concept, the ease of use as well as the availability plus the preparation and displaying of relevant data
for the pilot.

The security concept avoids an accidentally switch-on of the drive and any risk potential based on the
accumulators. It also ensures a secure switch-off of the motor in case of a fault and the protection of
drive components from overheating.

The ease of use realizes an automatic and optimal start-up of the drive until the set rotation speed is
reached. This e.g. prevents damages to the retractable propellers. The controlled thrust ramp avoids
oscillations and the quick stop stops the propeller movement very rapidly in case of a fault.

The availability is achieved by a cut close to the limits. This means that for example a wrong treatment
of the accumulators (e.g. depositing them in the blazing sun) only reduces the driving power but does
not switch it off abrupt.

The displaying of relevant data gives the pilot information about the consumed electric charge in Ah
(ampere-hour), about the accumulator, the drive components and about possible error messages.
These Displays are listed and explained in detail in the chapter “the interface” in chart 2.

1. Intended usage of the Drive Management System an  d the corresponding components

The system with all of its components right now is in the testing phase in the field. The
customer assumes responsibility to share experiences made with the SDC with the
manufacturer, so that the manufacturer can gather know-how and identify possible
weaknesses.

The system is built according to the state of the art and to approved safety-related rules.
However, risks for life and limb of the user or other parties as well as damages to the device
or other material assets can arise.

Only use the system in technically soundness, safety-conscious, according to the intended
usage and be aware of dangers! Especially faults which can affect the safety should be
cleared immediately and be reported to the manufacturer!

The SDC in combination with the Frequency Converter and the HPD10 are only allowed to be
used in applications with appropriate safeguarding. The protection includes a secure load
current cutoff in case of a fault (quick accumulator separation, dropping device), plus a
safeguarding against touching for the protection from burns and the contact with rotating parts
(cage). Any other usage or one beyond that is deemed as not intended . The
manufacturer/deliverer is not liable for defects/damages which result from not intended usage.
The customer alone bears all the risks.

Always be aware of protecting flammable parts next to the Frequency Converter and the
accumulator package itself against external thermal effects. This means that the accumulator
has to be stored in a flame resistant material like e.g. PE-foam of the model series XAC33FR
against impact load and protected from mechanical influences in a flame resistant box made
of e.g. GFK.
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2. Be aware of the following safety instructions be  fore starting

It is absolutely essential to permanently check the loads powered by the drive for damages,
cracks etc. The use of damaged loads can lead to se  vere injuries.

The drive and the Frequency Converter can heatupt 0 100C and more. Risk of burns!

The Frequency Converter as well as the SDC need to  be mounted jacked up, so that a
vibration-free use is unconditionally guaranteed. | f this is not the case, vibrations can

cause contact faults and further the breakdown of d evices. This may lead to damages
to the electronic system or to components in its en vironment.

It is extremely important to check for the right po larity while connecting the FC with the
accumulator.

Only connect the Frequency Converter with the accum ulator cables in the following
order:
1. Plug the temperature sensor.
2. Plug the black GND-cable of the accumulator (neg  ative pole) first.
3. Connect the cable to pre-charge the condenser (t  hin red cable) with the positive
pole of the feed-in accumulator.
4. After ca. 5sec., connect the red accumulator fee  d cable (positive pole) with the
accumulator.

Only now, the drive can be enabled. Attention! Any other order of connecting the cables
causes damages to the pins because of spark format  ion. In this case the drive must not
be used any longer. Instead, please contact your m  anufacturer

After having finished the operating phase you alway s have to completely disconnect

the accumulator from the system. Also the pre-char  ge cable (thin red one) must not
stay connected for a longer duration (>15hours) bec  ause the current consumption of
drive devices can lead to a damaging deep discharge of the accumulator.

www.geigerengineering.de Version 2.36 / 02.06.09
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3. The SDC’s safety concept

D The pyramid of safety: T

Industrial
standard

_ Redundant use o

two controllers

Monitoring all relevant pargmeters
by extern sensor;

Consistent use of the no-signal current principal af the
“intelligent rotary field generation”.
Use of intelligent and secure accumulator technplog

5. The SDC's functionality.

The SDC's function is to ensure a secure and comfortable use of the Frequency Converter (FC) with
the HP-Direct drive.

The SDC comes with two self-monitoring processors with each having integrated a watchdog again.
The output of the setpoint value to the FC is monitored and switched-off in case of a fault.

An accidentally start-up of the drive is prevented by the temporary controller clearance (40 seconds).
The pilot gets to know this from an intermittent acoustic signal. A regulated fan controller undertakes
the task of effectively cooling down the power stage.

The following parameters are recorded and monitored by sensors or have an influence on the
steering:
Drive temperature
Temperature of the accumulator
FC temperature (redundant)
Voltage of the accumulator
Discharge current
Used energie/capacity
Rotation speed
Power output
Power-on hours
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In case of exceeding the limit values, the SDC blocks the motor power at 50% and the cause is
displayed as an error code. After the situation has relaxed, the SDC will provide the full motor
power again.

If the down-control does not improve the situation and the limit values keep on being exceeded the
drive will be switched-off in accompanied by an error message.

You will find detailed information about error messages/codes in the chapter “The Interface” on
page 11.

In case of a down-control caused by an exceed ofethimit values the situation for
a forced landing is given immediately. Please acbrrespondingly.

5. Handling

After connecting the accumulator with the FC and successfully finishing the self-check, an
intermittent ready signal sounds. The display now shows the voltage of the accumulator, the used
capacity and the discharge current. Still, the drive is in a secured off-state.

After pushing the green button of the interface for more than 1.5 seconds, the drive will be ready
and can then be powered up by clearing the dead-man’s control or by use of the throttle. The
enabling by the release button can only occur if the potentiometer/throttle control is at the
minimum setting. This motor authorization is confirmed by a permanent intermittent acoustic signal
as long as the drive is not running.

The signal and with it the motor authorization disappears if the drive is not started within 40
seconds by the dead-man’s control or the potentiometer/throttle. The period of enabling should be
triggered with each operation of the drive. This means that the period of enabling is reset with
each switch-off of the drive by the dead-man’s control or by minimizing the rotation speed to 0 with
the potentiometer.

Please mind that the drive is enabled and can be asted as long as the

intermittent acoustic signal can be heard. Use thdrive very carefully during the
period of enable. This signal equates to the idleinning of combustion engines.

The enabling can also be reset by a short push of the green button of the interface. The motor
authorization prevents an accidental switch-on of the drive e.g. while handling the aircraft on the
ground.

Throttle/rotation speed of the drive can be pre-selected by the potentiometer of the interface.
Throttle should normally be adjusted by dint of the potentiometer before the enabling is started.
But the throttle can also be changed at any time by dint of the potentiometer while the drive is
running.

Pushing the dead-man’s control or increasing the potentiometer initiates a throttle ramp with 4
levels which accelerates the drive.

In the first phase, ca. 1.5 seconds, the propeller is deployed as gentle as possible and smoothly
accelerated. The second phase takes ca. 1 second and accelerates the drive up to ca. 75% of the
nominal rotation speed. Phase three takes ca. 2 seconds and pushes he drive up to 100% of its
rotation speed. In this phase the engine emerges maximum throttle. If the dead-man’s control is
released or the potentiometer is set back, the drive is stopped in a 1.3 seconds lasting phase of
deceleration.

After that, the drive is retarded so that the propellers can latch on.
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6. Connections of the SDC.

All the connectivity options are realized pluggable. The following table contains the descriptions of the

connections:
Connection designation | Description Spec.
Led Possible connection for an ultra bright LED to display | 5V/50mA
the motor authorization (blinking intermittent with the
frequency of the buzzer).
PC/CP Possible connection for a PC via RS232 Interface or RS232/
direct connection with the cockpit. 5V voltage level
Interface Connecting plug for the interface (handling and RS232/
displaying relevant data). 5V voltage level
TA Connector for the Temperature sensor of the n/a
Accumulator. This sensor monitors the temperature
within the accumulator package.
™ Connector for the Temperature sensor of the Motor. n/a
This sensor monitors the motor temperature at the
iron ring close to the coil of the drive.
TS Connector for the Temperature sensor of the n/a
Frequency Converter. This sensor monitors the
temperature of the power stage at the FC.
Poti Here, an extern potentiometer for setpoint setting can | 1kOhm
be connected. This option is enabled by a jumper on
the pcb.
N.-S. Rotation speed sensor which measures the rotation Hall sensor
speed at the magnets of the rotor.
Current DC sensor which allows fast and exact measuring of Hall sensor
the current in the DC-link.
V.S Voltage Supply. Red cable! Do only plug the red 30-60 Volt
cable into this V.S connector. The device will be
damaged if the cable is connected to any other 2-
pin connector.
Thrust Possible connection for two additional sensors for e.g. | VS: 5V/60V
thrust or torque. Analog 0-5V
pwm Setpoint signal Pulse-Width-Modulation for the 1.2ms-1.7ms
Frequency Converter.
SEC/FRG Can be used as a linking connector to the SEC (Smart | 5V TTL
Elevator Controller) which is used for the controlled
retractable empennage or as an interlock input for the
drive.
Fan Connector for the fan which ensures a regulated cool | 24-48V

down of the power stage.

www.geigerengineering.de
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Terminal lay-out and cableform overview:

red
arown
black

PC connection S-pin

S0C connector
yellow
orange

ald cockpil
= white

= hlack

= brown

function
=RxD
=TxD
=+12v
- 'r\‘r

= Gnd = blua

LED
rad
black

==~ Led

o thratlle controlfrawn
Karey = Gnd {potentiomealer feed, pushbution enabling,

=+

Cozll wollage: measuring:
200 22mm*

patch phug 20-pin

1= lack = call 1 negative = Gnd
2= white = call 1 poaitive
3= groy = cell 2 posilive

4 = purple = cell 3 positive

5= blue = call 4 positive

G = groen = cell 5 positive

T = yellow = cell § positive

8 = orange = Zelle 7 posiive
4 = red = call @ positive

10 = brown = o2/l 9 poaitive
11 = black = cell 10 positive
12 = white = cell 11 positive
13 = grey = cell 12 positive
14 = purple = cell 13 posilive
15 = blue = call 14 positiva
19 = red = accumulalor +

20 = brown = accumulator -

500

Inferface

= +5V (potentiometer fead)

oushbutlon paging through)

lwhite = potentiometar slider
Kraan = pushbulton anabling
\-u fvellow = pushbutton paging through

\

i S T

prange
red
Lo

Fan connector 2-pin:
red = +WE[B0V)

black = Gnd P

red = Clearance to empennage
brown =Gnd
black

Clearance/Coupler to empennage 3-pin :

= Clearance if connected to GND

Controllar setpaint value PYWM 3-pin :
ed = signal

o = +5Y

plack =Gnd

FC
= grange
= rad

= brown
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Inalog sensors S-pin:

ellow = tensicn/compression
pranga = tension/comprassion n)
rad = +G60%
brown = +5Y
black = (Gnd
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nlerface connection S-pin: lengths: GS =1.3m ; HG = 2.6m

lead of cable, B-pin round  binder coupler 8-pin
=white
= brawin
= green
= yallow

= grey
= red

= blue
= pink

D LRI

Connection to accumulatar 2-pin:
red = accumulalor + = Pin19
black = accumulatar - = Pin 20

measured resistors of the following fuses:

ANL fuse gald plated by Sinus Live type 2004 -> 0.4 mOhm

AML fuse lypa 1504 -= 0.34 mOhm

ponnactor  function cabla Bp. w. shielding
wrple = +5Y =purpla
blue = Gnd =olue
green = 51 =green
ollow = signal polerntiomater =yallow
= gignal fransmitier = grange
= TxDio Interface = red
=  FRG-selpoinl value  =brown
black not reserved =black
Tamp.sansor accumulator 2-pin:
rad = KTYE1-110
black = Gnd
Tamp.sensor maoltor 2-pin:
red = KTY&1-110
black = Gnd
Temp.sensor RSC 2-pin:
red = KT¥81-110
black = Gnd
saipoint value of the polentiometer 3-pin:
red = signal
brawn = +5Y
black = Gnd
rotary speed sensor 3-pin -
red = signal
brawven = +5V
bilack = Gnd
Current sensor S-pin:
vellow = gurrent signal
prange = TxD to circuit breaker
e = enabling from circul breakear
bircwn =+5Y
black = Gnd
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The SDC can transmit relevant data via integrated RS232 interface to a pc or a cockpit. Likewise, the
rotation speed set value can be read in.

In the version “R”, the SDC has an integrated radio transceiver with a coverage of up to 30m in free
field. The data transfer via radio transceiver is encoded and can only communicate with the
corresponding device.

7. Setting options of the SDC’s hardware encoding

Setting options by the use of jumpers:

Jumper 1: Sets the source of the setpoint which is either the potentiometer of the interface
or a potentiometer directly connected to the connector “Poti” of the SDC.

Jumper 2: Choose between wired or radio transmission of data from the communication interface
to the PC or an other cockpit device.

Jumper 3: Enable/Disable the block possibility with an external device e.g. an empennage or an
emergency chute button. If this block is set enabled, the motor authorization can be
disabled by an external stop-command.

Jumper 1: Potentiometer of
the Interface or external one|

tg[w-

(Y e e e

Jumper 3: With data link to
the SDC (block — or without),

Jumper 2: Wired or radio
data transmission.
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8. The SDC'’s Interface.

Button for paging through the

2nd line of the display.
(see following table)

Button for the controller clearence:

Pushing button for more than 1.5sec
controller clearence

Short keypress
Switch-off of the controller clearence

Speed |
25 %~ P

o%g ;.,',, ' Control button for the
' speed pre-selection.

__— | Accumulator voltage:59V, used capacity: 23 Ah

1st line of the display: 59V 23Ah
2nd line of the display: Err= 2

Error code (e.g. 2 excess temperature of the RSC)

www.geigerengineering.de Version 2.36 / 02.06.09 9
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The following table lists all possible readouts:

LCD line definition:

Line Readout Explanation of the exemplary values
1st line: 5 1V 1 5 A h |Accumulator voltage 51 Volt / used capacity 15 Ah
2nd line, index 0 |1 = + 1 7 8 A |Actual current 178 Ampere
2nd line, index1 [N = 1 9 2 0 U |Actual rotation speed 1920 rpm
2ndline,index2 |P = 1 1 4 5 0 W | Actual power consumption in VA (apparent power)
2nd line, index3 |T A = 4 5 C | Temperature of the accumulator package 45°Celsius
2nd line, index4 |T M = 6 7 C | Temperature of the motor 67°Celsius
2nd line, index5 |T S = 7 5 C | Temperature of the power stage at the FC 75°Celsiu s
2nd line, index 6 |F = 5 0 0 N |Thrust/propulsive force of 500N (50kg)
2nd line, index7 |S = 1 5 0 | [Pulse width signal to the FC 1450 pus
2nd line, index 8 |D = 1 2 m |12min of operating time of the drive since the point of
delivery
2nd line, index9 |E r = 4 Error code 4 = temperature of the drive too high/cut
comes into effect!
Table 2

The readouts of the 2nd line can be paged throutyh W
the button on the side of the interface!

www.geigerengineering.de
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SDGI (Smart Drive Graphic Interface):

Voltage

Current

Rotation speed

Power

Throttle

Temperature of the drive

Temperature of the battery

Temperature of the FC

numeric display of the
effective values

Bargraph scale of the battery capacity
readout’s maximum value

Potentiometer for scaling the baragraph’s
maximum value of the of the battery
capacity readout between 20-255 Ah

www.geigerengineering.de

inltage JE-EOU urid Battery Copacit - H45fh
= Felall ) : i
Current 0-2508 Setpmint FL_0-100%
TN 28
e T
Fouer O-13kH Al OF=Time Tok: ifi
Thrart =700 Statur:
| 49H | [ DEnakle OButton
Tewm.Drive O-135 CEemote OLive-Bit
2? nC Error: i
Ting.Fatl, -GS Ol _min OI_Max
: 2eer | [ OTOFC IV R
T ECHI I OT_Drive OEM_sxt
B0 OT_Batt OPot_min?
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Used capacity of the battery

Setpoint of the FC

Operating time of the actual
operating phase

Operating time of the drive
since delivery

Error messages
U_min: Undervoltage of the accumulator

T_FC: Excess temperature of the FC
T_Drive: Excess temperature of the drive

T _Batt: Excess temperature of the battery
|_max: exceeded current limit of the drive
Cut: Cut

EN_ext: No external controller clearance

from the controller “SEC/FRG”
Pot_min: Potentiometer is not at minimal
settings while activating

Status bits
Controller clearance
lights up if the button
of the interface is
pushed
Remote: Remote control
is in-/active
Live-Bit: indicates that the
SDC is still working

Enable:
Button:

11
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Error codes:

The SDC monitors all important parameters of the drive section and displays faults on the display of
the interface by the readout of an error code. The appearance of a fault on the display of the interface
causes a cut or even an immediate switch-off of the controller clearance. The reactions of the system
on an error code are listed in the following table. An error code instantly comes to the fore on the
display after a fault appears.

The error codes are reset automatically as soon as the error is not present any longer and if it has only
caused a cut. If an error causes a switch-off, it can only be quit by enabling the controller clearance

again (push the button for 2 seconds) after the error is not present any longer.

The following table describes the error codes and the reaction of the system on them:

Errorcode

Description

Reaction of the system

1

Undervoltage of the accumulator;
under-run the voltage limit of 38,0 V

Controller clearance is reset. Drive will be
disengaged

The error signal (intermittent sound for 4
seconds) resounds.

Excess temperature of the power stage
at the FC;
exceeded limit of 90C

Drive is limited to ca. 50% of the engine
output. After the power stage has cooled
down below the limit of 90C, maximum
engine output will be provided again.
The error signal (intermittent sound for 4
seconds) resounds.

Excess temperature of the motor;
exceeded limit of 120 at the iron core

Drive is limited to ca. 50% of the engine
output. After the motor has cooled down
below the limit of 120C, maximum engine
output will be provided again.

The error signal (intermittent sound for 4
seconds) resounds.

Excess temperature of the accumulator;
exceeded limit of 65C

Drive is limited to ca. 50% of the engine
output. After the accumulator has cooled
down below the limit of 65C, maximum
engine output will be provided again.
The error signal (intermittent sound for 4
seconds) resounds.

16

Current limit of the motor;
exceeded limit of 250A

The drive will be limited when exceeding
250A. Attention: an operating duration of
more than 1 minute at the current limit can
cause an excess temperature of the FC!
The error signal (intermittent sound for 4
seconds) resounds.

32

Switch-off after cut close to the limits

The foregone cut because of exceeded
limits (error code 2,4,8,16) was not
successful.

controller clearance is reset; drive is
disengaged
A swith-off appears after exceeding the
following limits:
temperature at FC’s power stage > 95T
temperature of the motor > 135C
temperature of the accumulator > 70C
The error signal (intermittent sound for 4
seconds) resounds.

64

No external controller clearance from the
controller “SEC/FRG”

Controller clearance is reset.
The error signal (intermittent sound for 4
seconds) resounds.

www.geigerengineering.de
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128

Potentiometer is not at minimal settings
while activating

Controller clearance is not enabled.
The error signal (intermittent sound for 4
seconds) resounds.

9. The Frequency Converter (FC):

Picture 1: Overview of the components and connectors:

It is extremely important to check for the right po

accumulator.

larity while connecting the FC  with the

Only connect the Frequency Converter with the accum ulator cables in the following

order:
1.
2.
3.

4.

Plug the temperature sensor.

Plug the black GND-cable of the accumulator (neg  ative pole) first.
Connect the cable to pre-charge the condenser (t  hin red cable) with the positive

pole of the feed-in accumulator.

After ca. 5sec., connect the red accumulator fee  d cable (positive pole) with the

accumulator.

Only now, the drive can be enabled. Attention! Any other order of connecting the cables
causes damages to the pins because of spark format  ion. In this case the drive must not
be used any longer. Instead, please contact your m  anufacturer

After having finished the operating phase you alway s need to completely disconnect
the accumulator from the system. The pre-charge ca  ble (thin red one) must not stay
connected for a longer duration because the current consumption of drive devices can
lead to a damaging deep discharge of the accumulato .

cable to pre-charge the condenser (red)

Accumulator feed cable (red, length < 60cn

RSC programming cable (short cable, not reserved})

www.geigerengineering.de

Black GND-cable of the accumulator
(minus pole, length < 60cm)

Desired power value of the RSC to the
SDC-connector “PWM” (long cable).

Attention! The battery feed cable must not be longe  r than 60cm!
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Picture 2: This picture shows the motor connection terminals. The rotating direction is defined by the
order of the connectors. In this picture, the connection for the rotation direction “right” is documented.
A rotation direction to “left” can be realized by changing two motor phases.

Motor phase of the

fing in the middle Motor phase of the

inner ring

Motor phase of the
outer ring

Attention! The motor cable must not be longer than 40cm!

www.geigerengineering.de Version 2.36 / 02.06.09 14
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Picture 3:

Voltage supply cable V.S (red)
for the SDC.

Temperature sensor for the power stag

Feed cable for thfan

Temperature sensor for thg
DC-link (optional)

10. Contact with water/use in environments with hig h humidity

If the device gets under or into the strong influence of water, the battery has to be disconnected
immediately in order to prevent destructive short circuits.

Usage in atmospheres which contain saltwater can lead to a corrosion of contacts and other metal
parts!

A use under those or other adverse environmental conditions has to be clarified with the manufacturer
first in order to arrange maintenance rates or to approve the usage itself.

Post the device back to Geiger Engineering for checks after it has dried completely.

Warranty claims forfeit in case of a splashdown!
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11. An exemplary assembling and cabling at the plug  gable drive of the E-Lift :

View on the drive chain from behind Topvi ew on the drive chain

Side view on the drive chain from the left Side view on the drive chain from the right

%
Attaching the temperature sensor at the HPD10 Attaching the sensor for the rotation
speed at the HPD10

www.geigerengineering.de Version 2.36 / 02.06.09 16
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12. Technical specifications

SDC:

Supply voltage range:

Switch-off voltage:

Current limit:

Ramp generator:

Max. allowable motor temperature:

20-58 Volt
<=38 Volt
260 Ampere
4 level throttle ramp
120 T

Max. allowable accumulator temperature: 65 T

Max. allowable power stage temperature: 95 T

Time limit of the controller clearance: 40 seconds
Signal shape, send to the power stage: PWM

Serial wired interface:

Serial remote interface:
Ambient temperature range:

RS232/TTL level without flow control,

38 400Bd,
8 data bits, 1 stop bit
900MHz transceiver
0-45 <

Weight SDC: 130 gramm

Measure SDC: 125mm*67mm*25mm

Weight Interface: 110 gramm

Measure Interface: 100mm*46mm*30mm
Frequency Converter:

Supply voltage range: 20-58 Volt

Limiting voltage: <=39 Volt

Max. allowable power stage temperature: 90 T

Time limit of the controller clearance: 40 seconds

Signal shape, send to the power stage: PWM

Rotary field direction: rechts

Clock frequency: 8 kHz

Ambient temperature range: 0-45C

Weight FC: 850 gramm

Measure: 120mm*69mm*60mm (ohne Lifter)
13. Service

In case of a fault or damage(s), post the devices and a formulation of the problem(s) to the
manufacturer:

Geiger Engineering
Kronacher Str. 41

96052 Bamberg

Phone: (0049)-951/9649-220

We now wish you lots of fun and success with your Drive Management System.
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