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Objective

Problem

e Low flight time
e <30% Efficiency
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Objective

e Understand

o Basic motor and propeller
theory
o Motors and propeller testing
e Improve

o Performance
o Range
o Flight time in your design







Voltage and power relationship
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Power loss (heat)

Motor's resistance

P =RI —— AW\

Example

11.4V battery with 0.31160hms "
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IVMiodel with electromagnetism

Force is proportional to current |
and number of turns on coil N_

Current

Force o< Current * NC

Torque = Current * K_
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Force is proportional to current |
and number of turns on coil N_

Motor's resistance

—WW\,

Force o< Current * NC

Torque = Current ™ K_
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Torque-RPM graph

:

Current * K = Torque

Torque
Current

0 RPM



A magnet moving close to the
coil will generate a voltage

Voltage
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Motor's resistance Motor back EMF
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Energy distribution in motor

Heat (Losses) Mech. power Total power
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Energy distribution in motor

Torque

Current

Heat (Losses)

0 RPM

Mech. power

A

Total power

0 RPM



Torque

Current

0

RPM
Back EMF

RC




RCbench@%

IMotor Efficiency

Motor Efficiency (%)
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Rotor Stator

3 Phases, 10 poles, 12 coils



RCbench@fark

Note on ESC and phases
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e Half sine wave or
triangular wave.

e Generated by rapid
switching of
transistors.
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ESC timing
e Phase timing A
changes Kv Late (low)
e Dynamic timing can v ‘g’
maximize power or g5
efficiency. —" Early (high)

>
0 RPM
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Bearing friction
No-load current

ESC settings

Thermal limitation



Diameter: usually in inches.

Pitch: How much the
propeller would move
forward in one turn in a gel
like medium.
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Thrust = CT . Speed2

Torque=C_* speed?
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Static torque and thrust of a 8x6 propeller
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Dynamic thrust

Higher airspeed: Use high pitch
Low airspeed: Use low pitch

Use equations to correct for airspeed.
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Testing Efficiency

Motor efficiency * Propeller Efficiency = Overall efficiency
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Torque-RPM

Propeller




. Effici f Il
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Static torque and efficiency of a 8x6 propeller

Increase propeller

0.57 ‘ | ‘ 50.01
efficiency with:
g
e Large propeller 5 $
e Slow propeller 7 10,0052
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Electrical power Electrical Watts

IViotor testing

Objective: o 5]
200

Test multiple torque-RPM 02|

. . —~ 150
combinaison E
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Load with propellers 0.05 50
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Selection of motor/propeller

Torque-RPM

Different prop, gearing
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RChenchmark overview

Thrust
Torque
RPM
Voltage
Current
Mechanical power e Propeller efficiency

Electrical power e Overall efficiency
Motor efficiency e Coil resistance
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e Manual tests

e Automated tests

e Scripting
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the reponsability of the user.

Manual

R o m
fcons ==y

Hardware:
C di

Seript: Sies sie v Return

Console:
Warning: wear safety goggles, keep away from: > Started script. Sweep - discrete js 2
rotating parts, and check fasteners are tight.: > Initializing ESC

Operating equipment beyond operating limits is a
safety hazard. Do not operate unattended. Safety is |

Pressing SPACEBAR will cut throttle.

| Real-time plots:
[ Acc @ RPM [ Torque

[ TareLoadCells |

[ Thrust ([ ESC Power (@ Efficiency

Metor rotation speed
Elecfrical: 0 RPM
Optical: 0 RPM
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