'How to Specify
System

A Simple Walk-through






The I.C. Engine Approach

! @ Most |.C. aircraft have a specified engine size, whether
| building from a plan, kit, or ARF, E.g.

e 0.46 — 0.61 2-stroke

e 0.61—0.91 4-stroke

| @ This worked because all engine makes & models
developed roughly the same power per cubic capacity.

e Through years of trial and error modellers had developed a feel
for engine size vs aircraft size + flying style

e E.g. 2.5kg sport-model intended for aerobatics will fly well with
0.40 C.l. 2-stroke

| ® Each engine came with a recommended propeller size +
fuel type

\ e Install the right engine with the recommended prop, use J
\_the right fuel, and success was virtually guaranteed =/




The Electric Conundrum

o Electric Motors have a multitude of “rating
| numbers”

| @ However, the same fundamental rule applies:

Each model will require a certain amount of
power to achieve a certain flying style

| @ A powered aircraft needs thrust to fly, and thrust
| is proportional to power

e Most IC modellers are not aware how much power
their engines develop

e Manufacturers specs are usually optimistic, e.g. 1.6 /



So all we need is Power?

Fundamentally YES...

BUT... there are MANY variables we must correctly
specify to make a system work:

e DBattery voltage

e Battery capacity and C-rating

e Speed Controller size (voltage and current capacity)

e Motor speed constant (Kv)

e Propeller size
No aircraft comes with all of these items covered, and
usually they are not covered at alll

To specify an electric power system you need to be
prepared to apply some simple MATH




Measuring Power \

| & Electrical Power (P,) is determined by voltage
(V) x electrical current (1):

| Pn=V.l |
| @ Motor Power (Pg,,7) is determined by torque () x|
| angular velocity (o): |
Pout = 1.0
= T xrpm = 0.105
| @ The system’s efficiency (¢) is determined by:
; e = PinT Pour
@ Torque is difficult to measure.

\ ® For simplicity we work from input power, and
\._assume an efficiency B S




mining the Required INPUT Power

"o The required power is a function of the weight of

the plane, and the flying style desired

o Experience has yielded the following INPUT
Fower requirbments:

2iSlow-speed - will barelyfly

75 167 Sport flyer, non aerobatic
100 223Mild aerobatics, slow climbing
125 2791Good aerobatics, strong climbing
150 335]3D flight, unlimited vertical .
200 446 Hot aerobatics, fast vertical
250 558 F 3A pattern - speed control in vertical
300 670]Ducted fan jet

Note that these are based on BRUSHLESS motor systems /
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Input Power Requirement

| We are seeking a strong climb-out but not
| “hotliner” out-of-site vertical

o The table suggests we need a Power Loading of
280W/kg for a strong climb |

le The required input power is therefore:

P,y = Power Loading x Weight
=280 x 0.800

= 224W (~225W)

le The power system including motor, ESC and |
\ battery must be capable of drawing at least 225W/




Battery Specificati

e With known power required from the/

battery, we can then start to specify the
battery

| @ We need to specify the voltage (V), and

also the charge capacity (Q)

' @ \V/oltage is determined by the number of

cells

| @ Charge capacity is determined by the
| “mAhR” rating of the cells (chemical energy |

> &
&

| ~stored in the cells
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y C-rating

C-rating is a measure of a battery’s current capacity as a function
of its charge:

C=1+Q
e The higher the C-rating, the more current the battery can deliver

® In this example, we are drawing 22A from a 2000mA.h battery
(2.0 A.h):
C =22+20
=11
l.e. the battery must be rated at least to 11C
® ngOSt modern batteries are rated to at least 15C, and many are
+

e A 2000mA.h battery (2.0 A.h) rated to 20C is capable of
delivering 2.0 x 20 = 40A of current!
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Motor Specification

e Motors often have confusing

specifications, e.g.:

e Graupner Speed 380BB
e Axi 2808/16

e HiMax C3030-1000

| e Most of these numbers are IRRELEVANT

| @ \We need only 2 x numbers:
| e Rated Power
\. © Speed Constant (Kv)
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Motor Specification 2 — Speed Constant

| @ Every electric motor will want to turn at a certai
' speed (rpm) depending on the applied voltage
e This is expressed as a motor speed constant (Kv),
e.g. 1000rpm/V
: Motor Speed (rpm) = Kv x V
| © We will be sending 10.2V to the motor.
| Resulting motor speeds will be:
e 500rpm/V will attempt to achieve 5200rpm
e 1000rpm/V will attempt to achieve 10200rpm
e 6000rpm/V will attempt to achieve 61200rpm!!!

® GREAT! Let’s go for 61200rpm and select




Motor Speed Constant vs Propeller Selection

The higher the rpm, the higher the load on the motor, and hence the |
greater the power draw
The bigger the propeller, the higher the motor load, and the greater
the power draw

e A 7x5 propeller draws more than twice the power of a 6x3 at the same

rpm

High revving propellers are less efficient than low revving propeliers |
Clearly we want to specify a propeller and a motor constant that will |
draw 225W at full motor power, at reasonable efficiency
A good rule of thumb for electric is to target 6000 — 10,000rpm
e Higher rpm is less efficient
e Lower rpm will need a big propeller to draw the power




‘Motor Speed Constant Selection

| o The speed constant (Kv) is the UNLOADED
| speed of the motor

e As the load increases, the motor will slow down —
called SLIP, BUT it will draw more power (unlike |C)

| e Slip is typically 20% - 30%
| @ The 1000rpm/V motor on 3S will turn at

10,200rpm with no load, but at about 7000rpm
under load — IDEAL!




Typical Speed Constant Requirements

Number of
Lipo cells

in series | Min kV Max kV

1500 2000
900 1500
700 1100
600 900
450 750
350 600
250 450
200 300

12 150 250

S ®NOOGDWN

Notes:

1. Helicopters and ducted fan jets need vastly higher speed constants

\ 2. Gearboxes step-down the speed constant (e.g. 6000rpm/V into a 6:1 gearbox
\_ ©quates to 1000rp/V)




Propeller Selection

® Select a propeller size that will draw the
| appropriate power at the expected rpm
| @ Our motor will be turning the prop at ~7000rpm

e From experience, a 10x6 propeller will draw
around 200 — 250W at this rpm

o When selecting a motor, check if it has a
recommended prop size

| ® Experimentation will be needed to select the
| appropriate propeller that loads up the motor to
225W




1

Resultant Powe
|

| @ Brushless Outrunner motor:

| e 200+W power rating or ~55g weight
e Kv =1000rpm/V

e Max Voltage 13+V (or 3S+)

| @ Brushiess ESC:

| e Max Voltage 13+V (or 3S+)

e 30A current capacity

| @ Lipo Battery:

e 3 cells in series (3S)

e 2000mA.h charge capacity

e 15+ C-rating

\e Propeller ~10x6 (confirm with testing)

22




Model Weight

Flying Style

Specify Motor
LA gwer of Weight)

Nominate Battery
Voltage

Nominate Flight Calculate Battery Charge

Experiment with different Propellers to achieve target power draw

- Need help? Feel free to contact me: Lawrie.Henrickson@hotmail.com, or call 905 817 1087




