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AC Drive efficiency and loss estimation

The rated efficiency numbers of motors and drives are typically close to 95...98% and high energy
efficiency is a good sales argument for AC drives. But users might have difficulty to convert
efficiency of motors and drives to cost savings. This is the reason why DriveSize prefer to show
the heat losses as such even though English word “loss” have a negative meaning too. In the
other hand at very small partial loads low efficiency numbers might give wrong conception about
the magnitude of losses.

Typical losses are important when computing the energy savings, while worst case losses shall be
considered when guaranties are involved and when the losses are to be measured. In some
cases customers demand guaranteed drive efficiency values in one or more operational points.
Sometimes these values are linked to penalties so calculation should be as accurate as possible
while being also realistic without high safety margins. The manufacturing and measuring process
have always some tolerances which shall be recognized as well as the size of penalty.

This guide helps you to report typical and worst case losses using DriveSize sales/engineering
tool. Worst-case losses include reasonable tolerances, which are described in this guide.

In projects where efficiency guarantees include penalties confirm results with motors and drives
technical support of ABB.

It is important to bear in mind that
1) The international standard IEC60034 give the possibility to use quite large tolerances with
nominal efficiency (15% or 10% more losses). This leads nominal efficiency values, which
are higher than measured values.
2) There is some variation in efficiencies between individual drives and motors.
3) Efficiency of motor at nominal speed is anyway lower with AC drive compared to perfect
sinusoidal supply.

Example, quadratic pump load
Let’s start with 100kW 1450rpm pump example with ACS550. Customer wants to know the

efficiency of drive and motor in design operation point and lower speeds too. Open the DriveSize
and fill motor load data:

%Hutm load
Load ype |Pump!fan load
Overload type |5imple cyclic
ik baze I
Speed [1pm] | E
Pawer [Kw/] | oo |
l

Overload [%] 100
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One high efficiency motor selection is M4BP 315 SMD 4:

Selected motor data
Selection: DriveSize
Type code: M4BP 315 5MD 4

Product code: 3GEBF 312 240-ADEK [F1]

Yoltage [+] 400
Frequency [Hz] ]
Fower [khw] 132
Paoles 4
Speed [rpm] 1440
b ax mech.zpeed [rpm] 3000
Current [&] 232
Torgue [Mm] 345
TmaxiThn 3.2
Fower factor 0,85
Efficiency [%] 95,4

At this point the catalog efficiency of motor is shown nec=96,4%. Please remember that this value
is based on IEC60034 standard. Click “show details” icon E and you will see Result window

below:

Result
Motor data

Type designabon

MABP3155MD 4

®

Graph

100% at base speedis equalto basze load power

Overall efficiency =93.7 %

Product code AGER 312 240-:A0K (FI)
Load type Pump/fan load User selection
Report
Selectiondata : Specifications : Catalogue data:
Torque [Mm]  Requied  Result | Margin Marmie | [undefined] Woltage [+/] 1400
nbase (E53 i 18 % No.of motors & Frequency [Hz] 50
Power (kK] | Mator type: Process perfomance Prower [ki] 1132
n base 100 118 18% Framehd aterial Mot specified Foles 4
Owverload M) ) Farniily MABP Speed [ipm] 1430
n baze G539 1753 166 = Palenumber Autornatic Max mech.speed [rpm] 2000
Design | Basic: [Cenelsc] Current [A] 232
Connection | Mot specified Torque [Mm] 845
IP class | IPE5 Tmax/Tn 32
IC class | IC411 self ventilated Power factar 085
IM clazs IM1007, B3(foot) Efficiency [%] 964
Maw., zpeed ule Standard Temperature ise class | B
Temp. rise B [<B0K] Insulation class F
1 base = 1450 [ipm] Troax margin 43 % Inertia [lgm2] 32
Losses Wl Totallosses [wl
I Load [] | Load [%] s
Speedpm] | 4% | 16% | 6% | 64% | 100% | | Speedipm] | 4% | 16% | 36% | 64% | 100% M
290 510 540 BEO! 950 16D 230 1140 1210 1460 2100 3380
5800 740 7FO0 910 1280 2070 580 | 1370 1450 1740 2460 3910
870 1040 1080 12300 1650 2500 B70| 1880 1770 2100 2930 4550
1160 14300 1470 1640 2100 3100 1160 2070 2180 2560 3500 G400
1450 1920 19700 2190| 2800 4000 1450 25300 2670 3150 4380 &700

At the bottom we see that drive&motor total efficiency is 93,7% having typical heat losses 6700W

only.
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First let's take motor losses under consideration from above Result window. Full 100% load here
means the base load. At that point we get 4000W typical losses.

If the pump or fan does not have much static pressure the diagonal values give the estimated
losses on other speeds 20%, 40%, 60% and representing loads 4, 16, 36, and 64 loads.

For safety margin we need to consider IEC60034 tolerance for efficiency. It is -15%*(1-nec) for
150kW and smaller motors (and -10%*(1-nc) for bigger ones). This means about 15% higher
losses for good motor but much more for bad efficiency motor. DriveSize will compute this
automatically — in this case multiply the typical losses with 1.16. We get 1,16 x 4000W = 4640 W
motor losses. On partial loads the minimum safety margin is 20%.

When compared to the original power requirement we have calculated worst case motor efficiency

_ 100kW

motor = 95’ 6%
104,6kwW

Next let’'s consider frequency converter losses

Result @l
Drive data
Type designation ACS5550-01-1954-4

Graph
User selection
Report

Selection data : Specifications : Catalogue data:

Lirnit Required | Result M argin Mame | [undefined] Woltage 4] 1400
Icant [4] 134 205 B% Iriverter amaunt Il Mominal power (k] 110
I [&] 194 1292 B0% Type Auto selaction Mominal current [A] 1205
Curr. integration 100 % IP Class P2 [2hd [A] 162

Switching freq. 4 kHz Phd [kiaf] a0
[ma [4] 292

Frame type RE&

Selection method: Cumrent [integrabon]

Losses Wl
I Load [%]
Speed[rpm] | 4% 16% 36% E4¥ | 100%
2490 B30 B70 800 1110 1690
50 | B30 Ban 830, 1180 1840
8v0|  B40  BS0  HFD 1280 2050
1e0 6400 710 3200 1400 2300
1450 E10 Foo 960 1660 2700
100% at base speedis equal to baze load power

The base load, supply voltage level, drive type, output current, motor power factor, motor
frequency, line current etc. will have an effect to losses. They are shown with drive result
window with loads 25, 50, 75, 100 and 125% for constant torque and 4, 16, 36, 64 and
100% for pump&fan types of loads. In this case the drive losses are 2700W at required
base speed and power. We can now compute the drive&motor typical efficiency
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Mo = 100kwW —937%
100KW + 2, 7KW + 4,0kW

This is also shown by DriveSize Efficiency Data Sheet, will list also efficiencies in table

format for other loads and speeds.

A safety margin 10% is used to compute worst case losses of frequency converter.

) 100KW
Marive = 700KW + 2,9KW + 4.6KW

=929%

DriveSize will list the worst case losses at each load point on report. These are

candidates for guaranteed values. Please refere the appendix.

Please notice that in the graph of the report the typical losses are shown.

Notice following:

The Efficiency Data sheet is made also for Single drives but not for Multidrives.

The cooling water of liquid cooled units is not considered.
Cables are not considered.

Below you see the graphical presentation of loss calculations in this examble.
Sometimes lower losses can be accieved by higher system voltage e.g. 690V and
generally DriveSize can be used as fast calculator to compare the losses of different

selections.

2.7

KW 4.0
kw

106,7 104.0 100
kw kw kw
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Appendix : Copy of DriveSize Efficiency Data Sheet.
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"I
RIP

Efficiency Data Sheet Typical, average losses and efficiency values
ltem Mo. 1.1.1 and worst case losses
Motor load Motor losses [KUWW] torque of Thase
|Load type Pumpffan load speed [rpm] 4%| 16 %% 36 % G4 %% 100 %
[nminrpm] 1450 240 0,51 0,54 0,66 0,99 1,69
n base [rpm] 1450 580 0,74 Q.7 0,91 1,28 207
nmaxrpm] 1450 a0 1,04 1,08 1,23 1,65 25
Fbase [KW] 100 1160 1.43| 1,47 1,64 21 3.1
Thase [MM] 658 1450 1,92 1,87 2149 28 4
Drive load Drive losses [kKW]
[lcont [A] 194 speed [rpm] 4% 16 % 36 % 64 % 100 %
|Imax [A] 194 280 0,63 067 08 1.44 1,69
a0 0,63 0,68 0,83 1,18 1,84
arvo 0,64 0,69 087 1,28 205
1160 0,64 07 0,9z 1.4 23
1450 0,61 07 0,96 1,56 27
Combined Drive & Motor(s) Efficiency %
speed [rpm] 4% 16 % 36 % 64 % 100 %
280 412 726 831 858 855
a0 53,9 815 a9z 91,2 911
arvo 58,8 84 4 911 929 93
1160 60,7 85,4 918 93,6 937
1450 61,3 85,7 a2 93,6 937
Worst case losses including full positive tolerance [KW]
speed [rpm] 4% 16 % 36 % G4 % 100 %
280 1.3 1,38 167 241 39
a0 1,58 1,67 2,01 2.8 45
arvo 1.95| 206 243 34 53
1160 242 25 3 4.1 6,2
1450 3 A 3T 51 7.8
Graph: Combined losses:
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