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3D Efficiency contour for an 11 kW, IE3, 400V, 1500 rpm IM
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Introduction hOWCSt

[ Speed controlled machines with repetitive torque and speed
profiles widely spread

[ At present efficiency of VSD & converter fed motors at different
torque & speed values not commonly available

[ Economic assessment of (high efficient) alternatives difficult
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Content

[ Test-procedure based on iso efficiency maps
[ 1TkW range measurement results
[ Impact of flux optimization algorithm using iso efficiency maps

[ Evaluating energy consumption of repetitive load profiles using
iso efficiency maps
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Measurement setup howest

[ Scope of measurement :
1 Speed controlled IM and PMSM 0,75kW to 15kW, 1500RPM rated speed
{1 0to 200% rated speed, 0 to 150% rated torque (if possible)

[ Field oriented torque controlled IM with speed feedback as load
[ Use of direct method (input-output) to determine overall efficiency
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Iso efficiency maps
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[ Final measurement grid fixed at 16 torque values & 19 speed values
1 Higher concentration near axes
[ Aim test rig: 1% absolute error
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Iso efficiency maps

[ Linear interpolation algorithm (Matlab) to create contours

3D Efficiency contour foran 11 kW, IE3, 400V, 1500 rpm IM
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Measurement results hOWCSt
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[ Example : TTIkW, 400V, 1500 rpm + drive (overall efficiency)
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Measurement results hOWCSt

[ IE3 vs IE]
1 Major area : + 2%
{ Low torque / speed : - 2%
f Nominal torque : + 3-5 %

Ad IE2 Ad PM
torque speed [%] [%]
[%]) [%

10 | +3]
10 | +3 +2 +25
10 | 100 62 +1 +4 +17
| 50 [ 65 iz 2 +15
| 50 [T 79 +1 +1 +11
| 50 [ 85 +1 +2 i
100 [ 63 +3 +5 +8
100 [T 79 +3 +4 i
100 [ 85 +1 +3 +4
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Measurement results hOWCSt

[ PMyvs IE]
{ Maijor area : large gains up to + 31%
1 Nominal torque : + 4-8%
1 Very speed / torque dependant

Ad IE2 | Ad IE3
torque speed [%] [%]
[%]) [%

10 | +3]
10 | +3 +2 +25
10 | 100 62 +1 +4 +17
| 50 [ 65 iz 12 +15
| 50 [T 79 +1 +1 +11
| 50 [ 85 +1 +2 Vi
100 [ 63 +3 o5 +8
100 [T 79 +3 +4 i
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Measurement results hOWCSt

[ Fluxoptimization (4kW, 1500 RPM]

1 IE2 IM + Fluxoptimization : efficiency gains comparable to PMSM (3000rpm,
18Nm)

Y Disadvantage : low torque dynamics with fluxoptimization

T [%] n [%]) d IEl Ad IE2 Ad IE2 Ad PM
[%] [%] Flux [%]
[%]

5 +25 +28
5 | +7 +17 +19
5 | 100 35 +5 +18 +12
| 52 | 14 53 +4 +6 +18
| 52 | 50 77 +3 +3 +10
| 52 R 84 +2 +2 +7
105 14 41 +8 +11 +18
105 | 50 72 +5 +6 +11
105 [ 81 +4 +3 +8
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Economic assessment hOWCSt
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[ Economic assessment motor-drive combination with given load profile
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Economic assessment

[ Projection of load profile on iso efficiency map considered motor-drive
combination.
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A Overall efficiency orofile:

A Shaftpower T.
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Economic assessment

[ Method has been validated on testbench
1 Load profile imposed to motor-drivecombination

[ Difference between testbench measurement and calculation based
on contours: less then 0,1%
[ Remark: Impact of acceleration and deceleration neglected in

calculations
1 Acceleration times small in respect to period of load profile
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Economic assessment hOWCSt

4kW alternatives considered for load profile. IET as reference
[ High efficient alternatives only interesting for high operating hours

Average Price PB PB PB PB
efficiency excl. VAT [yearl  [yearl I[year]  I[year]
[%] [%] (2000u) (4000u) (6000u) (8000u)
4 KW IET 72.9 100 Reference

4kWIE2 76.0 (A3.1) 150 10.2 4.5 2.9 2.1

4 kW IE2
FO

4 kW PMWM 80.2 (A7.3) 516 +20 +20 13.8 9.4

/7.0 (A4.1) 150 7.4 3.4 2.2 1.6

8.9 4.0 2.6 1.9

o

4kWPM 80.2(A7.3) 2
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Economic assessment hOWCSt

4kW alternatives considered for load profile. IET as reference
[ Flux optimization decreases paybacktimes by 25-30%

Average Price PB PB PB PB
efficiency excl. VAT [yearl  [yearl I[year]  I[year]
[%] [%] (2000u) (4000u) (6000u) (8000u)
4 KW IET 72.9 100 Reference

4kWIE2 76.0 (A3.1) 150 10.2 4.5 2.9 2.1

4 kW IE2
FO

4 kW PMWM 80.2 (A7.3) 516 +20 +20 13.8 9.4

77.0 (A4.1) 150 7.4 3.4 2.2 1.6

8.9 4.0 2.6 1.9

o

4kWPM 80.2(A7.3) 2
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Economic assessment hOWCSt

4kW alternatives considered for load profile. IET as reference
[ Standard PMSM alternatives not acceptable due to high initial cost

Average Price PB PB PB PB
efficiency excl. VAT [yearl  [yearl I[year]  I[year]
[%] [%] (2000u) (4000u) (6000u) (8000u)
4 KW IET 72.9 100 Reference

4kWIE2 76.0 (A3.1) 150 10.2 4.5 2.9 2.1

4 kW IE2

0 /7.0 (A4.1) 150 7.4 3.4 2.2 1.6

4 kW PMWM  80.2 (A7.3) 516 +20 +20 13.8 9.4

4kWPM 80.2 (A7.3) 200 8.9 4.0 2.6 1.9
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Economic assessment hOWCSt

4kW alternatives considered for load profile. IET as reference

[ Evolution towards “low-cost” PMSM-alternatives (E.g: LSPMSM)
[ Main reason: absence of speed feedback
[ Better payback than IE2 standard alternative

Average Price PB PB PB PB
efficiency excl. VAT lyearl  Iyear] Iyear] [year]
[%] [%] (2000u) (4000u) (6000u) (8000U)
4 kW IE 72.9 100 Reference
4 KW IE2 76.0 (A3.1) 150 10.2 4.5 2.9 2.1
4k\F/\(l)IE2 77.0 (A4.1) 150 7.4 3.4 2.2 1.6

4kWPM 80.2 (A7.3) 516 +20 +20 13.8 9.4

4 kW PM  80.2 (A7.3)

N
(@)

8.9 4.0 2.6 1.9
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Conclusions

[ Iso efficiency maps usefull to visualize efficiency in entire
operating areaq.

[ Optimum efficiency for IM reached in field weakening area
[ Flux optimization can give similar efficiencies to PM alternatives

[ Maps used to correctly assess (technical and economic)
different motor-drive alternatives for given load profile

[ IEC 60034-2-3* draft : additional losses converter fed motor
1 Losses dependant of control algorithm drive and working point
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