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VESSEL-PROPULSOR-DRIVE: ELECTRIC DRIVE MOTOR
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COMMUNICATING ENERGY

= Speak in terms of power, and not torque
= Better relates transfer of energy
= [t Is Independent of RPM

= Power is common among all system components
= Vessel: Resistance — Effective power (Pg)

= Propulsor: Thrust/Torque — Developed power (Pp)
= Drive: Torque — Brake power (Pg)
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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)

Electrical data Class | Division 1 Groups D
U ALY f | Load [Amps] Nom. Eff Load [%] Pwr. Factor Load [%] | Torque = T,/Ty TdTy
\J [Hz] a4 314 12 0 e | 44 314 214 | 44 314 214 | by IRT.,  BDT

460 60 5.00  64.70 47.10 25.00 543.0| 954 95.8 95.6 87.0 85.0 78.0 | 221.0 180 240
230 60 HE 170.00 954 958 95.6 87.0 85.0 78.0 | 221.0 @ 180 240

Frame Type: 365T Type of constr_: { A ) Foot mounted - End shield ns. CI';IHSL::latiDn Motor Prot.:(A) No winding protection S.F:1.15

Class
Mtr. WT:947 Temp. Rise Cl.: B Amb. Temp.: + to-20°C @1000 m kVA: G I.P.: IP65
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TORQUE & POWER CURVES: IC ENGINE

= Typical marine diesel
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TORQUE & POWER CURVES: AC/DC PM MOTOR

= “Constant Torque”

A. Full torgue 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. Fu” DOWEI’ tO hlqher RPM . DC MOTOR: "CONST Q - CONST P (FW)"
(via magnetic field weakening | '™ ,
or phase advance); broad RPM | = A
range of max power
B. Abundant power at low RPM = Z1A
(with proper sizing strategy!)
0% e==POWER[P] | |
C' Upper RPM Can Vary greatly 0%400/ 60% 80% 100% 126; R}:Z: 160%

RPM % Rated
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TORQUE & POWER CURVES: AC IND MOTOR

=NEMAA/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)
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Representative RPM-Power Curves
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HOW DRIVE CURVE SHAPE AFFECTS PERFORMANCE

= Power curve key to handling

Steady and dynamic Ioads . Impact‘ofcur\‘/eshapeandpropulstlarloadilng
A. Steady loads (seas, towing): o _
shape matters most with FPPs | .. ] —o //\ =
= . g 70% - /z \\
5. Dynamic loads (planing hump): &= = - /;, l\
shape at low RPM o sz
C. WJ & CPP propulsors tendto | = ‘\
fOIIOW Steady-State Curve 0%40% 50% 60% 70% 80% 90% 100% 11;)%
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FPP SIZING STRATEGY: AC/DC PM “CONST Q"

= Propulsor design point: Power -10%; RPM +10%
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FPP SIZING STRATEGY: AC/DC PM “CONST Q/P”

= Propulsor design point: Power rated; RPM +15%
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FPP SIZING STRATEGY: AC IND “NEMA A/B”

= Propulsor design point: Power rated; RPM rated
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CASE STUDY: 9M PLANING CRAFT

NavCad’s “Generic” simple definition models
Properties Properties
Description: V1 400 Rated point Description: V1 20,05 Rated point
Type: DC motor = Type: DC motor =
Data source: Generic DC[Q] =] 350 Data source: GenericDC[Q] v 7003
Units Units
Torque: [0.01 Nm 300 Torque: [0.01 Nm 60.0
Mech power: [0.01 e~ Mech power: [0.01 W ~]
Elec power: 001 e =) aspd Elec power: 001 I T (e
Voltage: [} ~v ~| ; Voltage: [} ~v ~| <
(urrEnt_‘ [0.0] A ~| % 003 (urrEnt_‘ [0.0] A ~| £ sood
Mec Ea Mechanical output a
Show as: i [Rd| ] 1503 Show as: Power =~ 9 3007
Rating Rating =
Voltage: 400 \ Voltage: 400 \
Ratedtorque: 4000 N 100 Ratedpower  |T735 oW 00
atRPM of: 1850 atRPM of: 1850
No-load RPM: 12400 03 No-load RPM: 12400 1005
Parasitic load:  |0.0 W Parasitic load: 0.0 e
Electrical input T T T T 1 Electrical input . T T T T 1
Current draw: Estimated | 300 1000 1500 2000 2500 Current draw: Estimated | 300 1000 1500 2000 2500
Motor eff'y: 095 Motor eff'y: 095
Controller eff'y:  |0.95 j ReM Controller eff'y:  |0.95 =] ReM
CONTINUOUS MAX POWER CURVE DEFINED LOAD CURVE CONTINUOUS MAX POWER CURVE DEFINED LOAD CURVE
RPM__ | TORQUE | PMECH | CURRENT | EFFMTR | PELEC RPM | TORQUE | PMECH | CURRENT | EFFMTR | PELEC RPM | TORQUE | PMECH | CURRENT | EFFMTR | PELEC RPM | TORQUE | PMECH | CURRENT | EFFMTR | PELEC
[1]2400 1.0 0.3 4.4 0.142 1.8 [1]1850 7 214, 3 [1]2400 1.0 0.3 0.142 ] [1]1850 0 2147 0.903 8
[2] [2] 2 [2] [2 1420 244
3 3 7 3 3 1110 1
[ ] [ ] 6
5 5 5 5
[6 13 [ [6 13 [
7 7 7 7
EX EX EX EX
9 g 9 g
[10] [1o] [10] [1o]
New ‘ Import | Export | Report ‘ oK | Cancel | Help ‘ New ‘ Import | Export | Report ‘ oK Cancel Help
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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”
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CASE STUDY: 9M PLANING CRAFT

= Current demand (amps="fuel”)
= Partial load eff'y (incl control loss)

=4
w
g
o
= Roughly 3%-4% loss at 50% power
Electrical input &
Current draw: Estimated ﬂ
Motor eff'y: 0.95 J
Controller eff'y: 095 J
SPEED COEF5 PRIME MOVER. ELEC DEMAMND PER MOTOR
SPEED RPM PMECH | LOADPCT | PELEC CURRENT
[Kt] v FNB [RPM] [EW] [%6 rnax] [EW] [A] EFFMTR
12.00 2473 2.126 1914 a7 33.8 46.7 116.8 0.201
20.00 2.748 2.363 2041 474 £1.2 53.1 132.7 0.393
22.00 3.022 2.599 2175 4.2 £9.9 60.5 151.4 0.895
24.00 3.297 2.835 2315 62.3 20.4 £9.4 173.6 0.397
26.00 3.57 3.07 2461 7.9 92.2 20.0 199.9 0.900 !
22.00 3.847 3.308 2612 a3.3 107.6 92.6 231.5 0.900
|
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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 youl!
= alex.walker@hydrocompinc.com
= donald.macpherson@hydrocompinc.com
= www.hydrocompinc.com
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