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1 General Description

The Millswood Engineering  UAV Engine
Starter is designed to start internal
combustion engines up to 150cc in size.

It is small, lightweight, and delivers

rapid and reliable engine starting

without the use of decompression

valves .

The engine starter drives the BLDC
alternator as a motor in order start the
engine . Once the engine is running the
starter disconnects itself from the BLDC
alternator to allow electrical power
generation . A suitable BLDC alternator
fitted with Hall sensors is requir ed.

Engine starting is initiated locall y by
push -button or remotely using CAN or
RS232 command s. In -flight restarts
are possible with CAN or RS232
commands .

UAV Engine Starte

PRODUCT MANUAL

Features

Rapid and reliable starting i
1500RPM is typically achieved in
under 0.5 Seconds

Maximum torque available from
standstill .

Operates from battery voltage s of
20 to 55VDC. Tolerates generated
3-phase voltage s upto 140V AC.

CAN, RS232 and USB connectivity

Comprehensive front -panel
diagnostics to aid integration and
commissioning

User -friendly configuration
software, with  integrated graphing
and logging to optimise and verify
performance .

Weight: 190 grams ( 6.7 ounces).

Dimensions: 93.5 x 80.5 x 20mm.

Figurel ¢ UAV Engine Starter

Product manualvl1.0

www.millswoodeng.com.au Pagel of 26



http://www.millswoodeng.com.au/

UAV ENGINE STARTER

This page intentionally left blank.

Page2 of 26 www.millswoodeng.com.au Product manualvl.0



http://www.millswoodeng.com.au/

MILLSWOOD

engineering

UAV ENGINE STARTER

3 Contents
1 General DESCHPON v eevcere e eeeee e e —————— .1
2 FEAUIES .oeiiiiiiiiiiiiiiiiiiiiiis et eeeeeeee e eeeeeeeeeeeeea 1
3 CONENTS ittt et eeeeeeeaea e ——— aeeeeeeeeeeeeeas 3
L | o 1Y - 1[0 o P 4
5 WIrNNG DIagram  oooiiiiiiiiiiiiiiiis e e aeaees 4
6 Initial SEtUP @Nd tEST oo e e 5
6.1 Y =] (1 o PPN 5
6.2 1= S PPN 6
I @20 010210 0 1= 1T L 7
7.1 USB ..t e e eeesaieee s 7
7.2 RS232 i e et eaeaeeea 7
7.3 CAN oot s eee e s eeeaneee e 7
8  Configuration SOftWArE  .coviiiicciiie s e aerree e 8
8.1 Engine Starting parameters ..o e e 9
8.2 Communications ParamMeterS e eeeee—————— 1aaaaaaa 11
8.3 DIiAgNOSHCS wivviiiiiiiiiiiiiiiciie e e ——————. 1aaas 11
8.4 Graphing & LOQQiNg ...cccovviiiiiiiiiiiiiiiit e e 12
8.5 SEALISHCS cociiieiiiiiiiiiiii it e e eeeeeas 13
8.6 WIHNG ChECK i iis e e 14
LS T O o] o1 o T=T o1 o £ OPPPUUPT 15
9.1 Battery oooiiiiiiiis e e aeaeeeeen 15
9.2 2 ]I T | (=1 0= Lo PR 15
9.3 INEE IfACE it e e eeees 16
10 ViSUAl INAICATOIS oo iiiiiiiiiiiiiis e rirreees eeeerer e 17
11 SPECIfICALIONS  ..oiiiiiiiiiiciiis e e e 18
11.1  Absolute Maximum Ratings — N1 s e e 18
11.2 Recommended Operating ConditioNS ..o evvevecee 18
11.3  Electrical Specifications ( -40 to +85°C, typical values given for +25°C) ... 19
11.4 Mechanical CharacteriStiCS  .....cccccciiiiiiiiiiiiiee s e 20
12 Document version hiStOry  ..oooiiiiiiiicciciiiiiiiies e e ————— 21
13 AppendiX 1 T RS232 ProtoCol ...ccocociiiiiiiiiiiiiiiiiis s e 22
13.1  Hardware layer oo iiiiiiiis e e ————————————— 22
13.2 Command ProtOCOl oo e ——— e e e 22
13.3  CommaNnd SUMMATY oo eeeerieeesiee e siiees eeeaaieee s 23
14 Y o] o =TT D a2 N O AN A\ o] 0] (o o | 26
141 Hardware layer ..occcccciiiiiiiiiiie e e 26
142  Command ProtoCol  .oovviiiiiiiiiiiieiiies e e 26
14.3  Command SUMMANY  .cccccciiiiiiiiieeiieieeeieeees aeeeeeeeessssssenrnrrnrrrnne eeeeeeeaeaeaaeaaaaaann 26

Product manualvl1.0

www.millswoodeng.com.au

Page3 of 26


http://www.millswoodeng.com.au/

MILLSWOOD
UAV ENGINE STARTER engineering

4  Operation

The Engine Starter allows a3  -phase BLDC alternator to be used as a motor to start an internal
combustion engine. It requires a source of power capable of delivering high -current, and a
BLDC alternator fitted with Hall sensors. When requested to  do so, the starter energises the
windings of the BLDC alternator  to accelerate the engine upto starting speed.  Once the
engine starts, the starter disconnects itself electrically  from the BLDC alternator . This allows
the engine to spin freely and the BLDC alternat or to generate electrical power without

interference from the starter.

5 Wiring Diagram

D PHASE A HV + GENERATED POWER OUTPUT

DPHASE B GROUND4] SYSTEM GROUND

D PHASE C

3—Phase Rectifier
and Electrical
Power Generation

BLDC ALTERNATOR

HALL SENSORS

PHASE A BATTERY +4 TO BATTERY POSITIVE TERMINAL

PHASE B (GROUND) BATTERY — 10 BATTERY NEGATIVE TERMI

PHASE C

Engine Starter

DHALL A ARM] Q/Q SPST SWITCH
DHALL B -
DHALL C START ¢ O O MOMENTARY SWITCH
HALL POWER (+5V OR +12V) (OPTIONAL)
HALL GROUND GROUND

Figure2 ¢ Wiring diagram

Referringto Figure 2 above :

9 High -current wiring is shown in blue, small -signal wiring is shown in green.

1 CAN, RS232 and USB omitted for clarity.

1 The negative battery input to the engine starter is its ground reference. This may be
tied to system ground.

9 If the BLDC alternator is star connected and exposes its neutral , this must be left

unconnected. Do not connect it to ground.

During starting, the engine starter will energise th e 3 phases with battery voltage modulated
with 20kHz PWM. M ost rectifiers tolerate this without problems, but it is worth disabling
electrical power generation during starting so as to not burden the starter unnecessarily.

If colour -coding the high -curren t wiring, the following colour s are suggested :

Connection Colour Part number Online distributors

Battery + Red Mueller Electric  Coolflex 45 Digi -Key 314 -1241 -ND
WI-M-10-10-2 Mouser 548-WI-M-10-10-2

Battery 1 Black Mueller Electric  Coolflex 45 Digi -Key 314 -1240 -ND
WI-M-10-10-0 Mouser 548-WI|-M-10-10-0

Phase A Yellow Mueller Electric  Coolflex 45 Digi -Key 314 -1498 -ND
WI-M-10-10-4 Mouser 548-WI-M-10-10-4

Phase B Green Mueller Electric  Coolflex 45 Digi -Key 314 -1499 -ND
WI-M-10-10-5 Mouser 548-WI|-M-10-10-5

Phase C Blue Mueller Electric  Coolflex 45 Digi -Key 314 -1500 -ND
WI-M-10-10-6 Mouser 548-WI-M-10-10-6

Tablel ¢ Highrcurrent wiringsuggestedtolourcoding scheme
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6 Initial setup and test

This section outlines  an initial setup and test proce dure using the minimum possible number of
connections.

Figure3 ¢ Engine Starter witlits maincables plugged in

6.1 Setup

Make the following connections to the starter:

6.1.1 Battery

Connect a battery or power supply (see section 9.1 for details ). Take care not to reverse the
polarity.

6.1.2 BLDC alternator

Connect p hases A, Band C tothe BLDC alternator  (see section 9.2 for details ).

6.1.3 Hall sensors

5 wi res need to be connected T Hall power, Hall ground, and the 3 Hall sensor signals . All of
these connections are located onthe  16-way Harwin Gecko connector (see section 9.3 for
details ).

The 3 Hall sensor signals may need swapping around, so keep these connections accessible
during initial setup  and testing

6.1.4 Arm input

Wire a switch between the Arm input and signal ground i both of these connections are
located onthe 16 -way Harwin Gecko connector (see section 9.3 for details ).
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6.1.5 USB

Use a standard micro -USB cable to connect the starter to a PC. A galvanically -isolated USB
interface is  strongly = recommended if there is any possibility of a ground loop

forming

6.2 Test

Run the configuration software, pressthe iOpend b utohneahto theostarter via USB, and
check that reading parameters from the starter works.

Apply battery voltage and check that this is being reported correctly on the fiDiagnostics 0 tab.
Turn the Arm switch on and off and check that this is being reported correctly (also on the
fiDiagnostics otab).

Rotate the BLDC alternator by hand and check that the blue Hall sensor LEDs (on the starter
itself ) illuminate in order. There should always be one ortwo blue LEDs on, and they should

appear to fiflow 0 from one end to the other and wrap around as the alternator is rotated. All
Hall LEDs on or all LEDs off are illegal states and should never happen. Do not proceed if
illegal states are observed.

6.2.1 Hal sensor check

Go to the fAWiring Check otab. With battery voltage applied and the Arm switch closed press
each of the buttons to check thatthe correct LED illuminates. Swap Hall sensor wires a S
required until all 3 Hall sensors are correct (see section 8.6 for further details)

6.2.2 Cranking the engine

Go to the fAEngine Startingo tab and check that the BLDC
Change it if necessar y and write out the new value to the starter. With spark plugs removed
attempt to crank the engine by pressing the AStarto but

The default parameters are generally insufficient to crank the engine successfully, and a
il ocked r ot or 0 bethe esult. iTresis camiplétély normal.

I ncrease the AlnitiahdPWMW§Murt g pamameteress(ocon t he AENngi ne
Startingo tab), wrsotutéo the stater anel try agam! Keep going until the

engine can be cranked successfully  and reach the chosen target speed (see section 8.1 for

further details ). This is an empirical trial  -and -error process.

Keep an eye on the BLDC alternator winding temperature I repeatedly energising a
stalled rotor will heat up the windings

Once the engine is able to be cranked reliably without spark plugs, fit the spark plugs and
continue testing, increasing the initial PWM duty cycle and PWM ramp rate as required.

For reference, the following settings have been found to work well on a 150cc twin -cylinder
engine (simultaneous compression, no decompression valves), with the starter powered from a
12S LiPo:

1 Cranking current limit: 67 Amps
1 Initial PWM duty cycle: 50%
1 PWM ramp rate: 250%

These settings give a  typical engine start time of less than 4 00ms. Even more aggressive
starting is possible by increasing the initial PWM duty cycle.
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7 Communications

The Engine Starter has USB, RS232 and CAN interfaces . They are largely independent and
may be used concurrently. There is no requirement for  any of the communications interfaces
to be used operationally T once configured, the starter is capable of operating with no
communications at all.

7.1 USB

The USB interface is designed to provide easy initial access to the starter , accelerating the
process of setup andtesting . Itisnotintended to be used operationally (inflight ).

When a PC is connected to the starter via the USB interface , the configuration software can
communicate directy wi t h the starter, allowing accemde to all
parameters, internal status registers, measured values and a host of other diagnostic
information. Data logging, graphing, statistics and Hall sensor alignment checking are also
available from the configuration software.

7.2 RS232

The RS232 interface provides identical functionality to USB, but has superior noise margins
and uses a more reliable connector and is therefore suitable for operational use in flight. The

Baudrate may be set to any of the standard rates from 9600 to 115,200 Baud.

The RS232 p rotocol is givenin  Appendix 1 T RS232 protocol

7.3 CAN
The CAN interface provides a subset of the functionality available in the USB and RS232
interfaces, but is faster and more reliable . The bitrate may be set to 125 kb/s , 250 kb/s ,

500 kb/s or 1 Mb/s. The CAN bus is not terminated internally.

The CAN protocol is given in Appendix 2 T CAN protocol .

Product manualivl.0 www.millswoodeng.com.au Page7 of 26



http://www.millswoodeng.com.au/

UAV ENGINE STARTER

MILLSWOOD

engineering

8 Configuration software

Download the Windows configuration application from

www.millswoodeng.com.au/resources.html

. Connect the starter to a PC via a micro -USB cable

and run the configuration software. The starter will power itself from the USB connection.

% Engine Starter Configuration Utility

About  Engine Staing Communications  Diagnostics

MILLSWOOD

engineering

Graphing & Logging Statistics  Wiring Check

RS232 Embedded code Control
Port: |COM10 Rescan Update fi Read fi version Read SN Start Stop
Connected on COM10.
Figure4 ¢ UAV Engine Starteonfigurationutility
Parameters may be read from and written to the starter. All parameters are stored in non -

volatile memory. The starter also maintains a small database of statistics internally, also
stored in non -volatile memory. This allows performance to be assessed and optimised.
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8.1 Engine Startingarameters

Exercise caution when initially configuring the starter. The starter is a high -power device with

a low-impedance output stage and is easily capable of destroying a BLDC alternator. In

particular, monitor the BLDC alternator 6 svinding temperature with rep eated failed start
attempts . Failed start attempts  tend to heat the windings more than successful ones.

Once successful start ing is achieved , winding temperature rise tends to be minimal i even with
repeated starts i because the starting process is extrem ely fast and the total energy lost to
winding resistance is low.

It is recommended that the spark plugs be removed for initial testing.

7 Engine Starter Configuration Ltility

About  Engine Starting Communications Diagnostics  Graphing & Logging  Statistics  Wiring Check
Settings
Cranking timeout 5.0 seconds [] Reverse direction of rotation
) — [] Backup to compression before cranking
Cranking speed 15005 RPM [ Ignore Hall sensor emors
Cranking current limit 20 ~ | Amps One touch starting
BLDC pole count 14 | poles
Initial PWM duty cycle 1015
PWM ramp rate 2512 “/second
Hall sensor phase offset 0 ~ | degrees Riead sefiings
Write settings
RS232 Embedded code Control
Port: |COM10 Close Rescan Update fimware Read fimware version Read 5N Start Stop
Engine starting settings written.
Figure5 ¢ Engine Starting parameters
8.1.1 Cranking timeout
Can be set from 1.0 to 8.5 seconds. Intended to prevent overheating the  BLDC alternator 6 s
windings when an engine can be cranked but is failing to start
The starter also implements locked rotor protection with a fixed timeout of 0.5 seconds.
During the initial setup of a new engine, the locked rotor timeout and associated LED will
probably trip many times, helping to prevent  the BLDC alternator windings from overheating
Once the system is optimised, locked rotor protection should rarely, if ever, trip.

8.1.2 Cranking speed

Can be set from 500 to 5000 RPM. The starter will attempt to crank the engine at this speed
until either the engine starts or the cranking timer expires.
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8.1.3 Cranking current limit

Can be set from 20 to 200 Amps. Intended to prevent damage to the starterdfs output
there isa short -circuit. Should be set one or two levels above the point where current limiting

events happen occasionally.

When current limiting occurs the warning LED illuminate s briefly. Current limiting may only be
detectable by a worsening in starting performance as the limit is reduced

Empirically it has been found that a 150cc 2 -cylinder engine requires about 50 Amps to start
(initial PWM duty cycle =50% , PWM ramprate = 250%/s), and so a current limit of 67 Amps
is appropriate in this case .

8.1.4 BLDC pole count

Can besetfrom2to 32 poles. Thisisthe number of magnetic poles, not electrical poles

(count the magnets, not the windings). This setting can be verified by meas uring the speed of

the engine and comparing with the starteroés estimate of
been set correctly, the  se two numbers will match

8.1.5 Initial PWM duty cycle

Can be set from 10 to 90%. This will determine the initial current t he starter will draw, and
therefore the torque that is applied initially. Higher values will result in faster but more violent
engine start ing.

Do not set this parameter up too high initially, and only increase it incrementally. This is the

parameter tha t will break stuff and ruin your day. 25% is suggested asa  reasonable initial
value.

8.1.6 PWM ramp rate

Can be set from 25 to 250%/s. This sets an upper limit on the acceleration of the system.
The higher this value is, the faster the engine can reach itst arget cranking speed, but the
starter will draw more current in doing so.

Do not set this parameter up too high initially. 50% /s is suggested as a reasonable initial
value.

8.1.7 Hall sensor phase offset

Can be set from -180 to +180 degrees in 60 degree steps. The main intended use for this
parameter is to correct for Hall sensor misalignment. Usually a +60 or -60 degree offset is all
that is required.

A secondary use for this parameter is to correct for inverted Hall sensors. Setting this
parameter to eithe r+180 or -180 degrees is equivalent to inverting the sense of the Hall
sensor signals.

8.1.8 Reverse direction of rotation
Spin the BLDC alternator in the opposite direction.

8.1.9 Backup to compression before cranking

Rotate backwards until compression is found, bef ore attempting to start in the correct
direction.

8.1.10 Ignore Hall sensor errors

Starting is normally aborted if the Hall sensor error rate exceeds 2 errors per 100ms.

Sometimes it is useful to turn this error checking off. The warning LED will still flash wh enever
Hall sensor errors are detected, but the start attempt will proceed regardless.

8.1.11 One touch starting

If enabled, a single press of the start button is all that is required to start the engine. If one
touch starting is not enabled, releasing the start button will cause the start attempt to be
abandoned.
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8.2 Communicationparameters

Figure6 ¢ Communicationparameters

The RS232 and CAN communications protocols are given in the a ppendi ces to this document

8.3 Diagnostics

Figure7 ¢ Diagnostics
Status registers 0 and 1 contain useful i nf ormati on about the starterés ir
registers 2 and 3 contain information about the 3 -phase FET driver and can generally be

ignored.
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