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VESSEL-PROPULSOR-DRIVE: ELECTRIC DRIVE MOTOR



COMMUNICATING ENERGY

Speak in terms of power, and not torque

Better relates transfer of energy

 It is independent of RPM

Power is common among all system components

 Vessel: Resistance → Effective power (PE)

 Propulsor: Thrust/Torque → Developed power (PD)

 Drive: Torque → Brake power (PB)



ELECTRIC MOTOR POWER DESCRIPTION

 “Rating” point: mechanical power & RPM

Typical power curve forms

 AC/DC PM (“const Q”, “const Q/P” FW); AC Ind (NEMA)



TORQUE & POWER CURVES: IC ENGINE

Typical marine diesel

A. Full power to lower RPM 

(contemporary diesels)

B. Low RPM power curve follows 

typical prop demand curve

C. Peak torque below rated RPM
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TORQUE & POWER CURVES: AC/DC PM MOTOR

 “Constant Torque”

A. Full torque to lower RPM, not 

power; max power is tucked 

into a peak

B. Still generous power at low 

RPM vs diesel

C. “No-load” RPM can vary 

greatly (+10% to +100%)
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TORQUE & POWER CURVES: AC/DC PM MOTOR

 “Const Torque / Const Power”

A. Full power to higher RPM

(via magnetic field weakening 

or phase advance); broad RPM 

range of max power

B. Abundant power at low RPM 

(with proper sizing strategy!)

C. Upper RPM can vary greatly
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TORQUE & POWER CURVES: AC IND MOTOR

NEMA A/B

A. Very high peak torque/power 

at 90% to 95% rated RPM 

(“breakdown torque”)

B. Generous power at low RPM 

(minimum “pull-up” power 

equal or greater than rated)

C. Steep decline to no-load RPM
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PROPULSOR LOAD ON A DRIVE

Critical to determine first

Power vs RPM

Relevant curves

 Rated power (“cubic”)

 Predicted calm-water curve

 With design margin

 With added load (seas, etc)



HOW DRIVE CURVE SHAPE AFFECTS PERFORMANCE

Power curve key to handling 

steady and dynamic loads

A. Steady loads (seas, towing): 

shape matters most with FPPs

B. Dynamic loads (planing hump): 

shape at low RPM

C. WJ & CPP propulsors tend to 

follow steady-state curve
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FPP SIZING STRATEGY: AC/DC PM “CONST Q”

Propulsor design point: Power -10%; RPM +10%



FPP SIZING STRATEGY: AC/DC PM “CONST Q/P”

Propulsor design point: Power rated; RPM +15%



FPP SIZING STRATEGY: AC IND “NEMA A/B”

Propulsor design point: Power rated; RPM rated



CASE STUDY: 9M PLANING CRAFT

NavCad’s “Generic” simple definition models



CASE STUDY: 9M PLANING CRAFT

Design objectives

 25+ kt speed (incl added loads)

 Only “Const Q” motor available;

but with generous no-load RPM

Sizing solution

 Motor with +10% power margin

 Optimize gear ratio & pitch for

operational RPM at +20% “rated”



CASE STUDY: 9M PLANING CRAFT

Current demand (amps=“fuel”)

 Partial load eff’y (incl control loss)

 Roughly 3%-4% loss at 50% power



FINAL THOUGHTS:

For successful electric drive motor selection

 Assess operation profile (environmental, towing tasks, ...)

 Calculate and lay out RPM-Power demand curves

 Fit motor power curve to enclose demand curves

Thank you!
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