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machines.
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543 Nominal efficiency limits for IE3 (see Tables 7 and 8)

Table 7 - Nominal efficiency limits (%) for 50 Hz IE3

Number of polesisynchronous speed

N7 nirya
IE3 - 50HZz

Hominal limits for Premium Efficiency (IE3)

Table 7 — Hominal limits (%) for Premium Efficiency (IE3) 50 Hz

Py
o 213000 411500 6/1000
075 807 B2.5 7889
1.1 827 B41 81.0
15 842 853 825
22 859 B6.7 843
87.1 a87.7 856
881 886 86,8
55 89.2 896 88,0
75 90,1 90.4 891
1 912 914 803
15 919 921 912
18.5 924 926 9.7
22 92,7 3.0 92.2
30 933 83,6 929
37 93,7 93,9 933
45 940 942 93,7
55 94,3 946 941
75 94,7 95,0 94,6
90 95.0 952 949
110 252 854 95.1
132 854 956 954
160 956 958 956

P“ Number of poles
kW 2 4 &
0,75 BO,7 82,5 Ta.2
1.1 B2.7 B4.1 81,0
1.5 B4.2 B5.3 825
22 B5.8 Ba,7 843
3 B7.1 B7.7 85.6
4 BE8.1 83,6 86,8
55 Ba.2 B9.6 88,0
7.5 [0 o4 9.1
1 81,2 B4 20,3
15 oio 2.1 21,2
18,5 oz4 02,6 a7
il B2 T 83,0 822
ki 023 03.6 a2.0
a Bar B3m 233
45 o4.0 042 3.7
56 043 4.6 241
5 B47 85,0 246
a0 050 052 240
110 852 B5 4 251
132 054 05,6 95.4
160 BE5.6 05,8 25,6
200 up to 375 Bs5.8 Ba,0 95,8
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VEC60034-30-1 lpn:t NDIY NI7'X2 NIAYT

70.8 78.1 81.4 79.6 IE2 1.1
7.7 81.0 84.1 82.7 IE3
80.8 84.5 87.2 85.2 IE4

- . - . IES
86.9 88.7 89.8 89.4 IE2 11
88.6 90.3 91.4 91.2 IE3
90.4 92.3 93.3 92.6 IE4

. - - - IES
823 94.3 94.5 94.3 IE2 110
93.7 Sendl 95.4 95.2 IE3
94.7 95.8 96.3 96.0 IE4

- - : - IES
£S5 95.0 95.1 95.0 |IE2 200 up t01000
94.6 95.8 96.0 95.8 IE3
95.4 96.6 96.7 96.5 IE4

- 5 - - IES
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IEC60034-30-1 jizn? IEC60034-30 fzn 2 XIUN

10NS

0.12 up tp 1000 kW | 0.75up to 375 kW 790N
2,4,6,8 2,4,6 n'aLvy

50 up to 1000 Volt up to 1000 Volt nnn
Line Line N1TNN 210
-20upto 60°C -20upto 40°C N2'20 N1IVISNL
yes no VFD

Up to 4000 m up to 1000 m D' 119 7un NaIa
yes yes NIXXI9SNA 12N

yes yes NniNonn ny 'vian

up to 400 ° C no JUy 'M'97 nynn
no no D'TNI'N D'YIIN
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IEC60034-30-1_[j7n NIYT 7¥ DIY"N IN'YIVIO

Motor type IE1 IE2 IE3 IE4 IES

Three-phase cage- Random wound Yes Fes Tes Difficult Ho
rotor induction windings; IP2x
motors (ASk) [open motors)

Form wound Yes Yas Difficult Mo Ko

windings; IP2x

(open moters)

Random wound Yes Yes Tes Difficult Mo

winaings, IF4x and

above [enclosed

motors greater tham

0.75 kW)

Random wound Yee b -1 e Difficult Mo

windinga; IP4x and

akove (enclezed

motore lees than or

cqual to 0.75 KW}

Form wound Yes Yes Yes Difficult Mo

windings; IP4x and

above
Threg-phase wound-rotor induction TEes Tes Tes Dimmcult Mo
molors
Single-phase Start capacitor Difficult Mo Mo No Ko
induction matars Run capacitor Yes Difficult No No No

Start/run capacitor Yea Difficult Mo Mo Mo

Split-phase Difficult Mo Mo Mo Mo
Synchronous Limna-start Yea Yaa ez Difficult Mo
motors permanant-magnet

(LSPM)
a  |jpe-start permanent-magrat motors have limitatione on their line-start capabilities with respect o

torgue and external imnertia and may not be zuitable for all types of applications.
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Next level of technology: IE5

® ThinGap

“The levels of the IE5 efficiency class are envisaged to be incorporated into the next edition
of this standard. It is the goal to reduce the losses of IES by some 20% relative to IE4. Motor
technologies for IES are currently not well developed and not commercially available.

Further energy-efficiency optimizations will have to focus on improved system efficiency

throughout the entire operating load cycle including all system-losses (converter, filter, cables,
motor etc.) —see EN 52800.”
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S| 50598 part 1 1 7'n 50598 "n " N
EN 50598-1: December 2014

May 2016 2016 'xn = 1"vwnn N
ICS CODE: 29.160.30

, DI 'WINN ¢ nir‘mun ya'a ninayn 7 2171 pn
:DNN D'YIND DY 7Y 90N NPINLVFIX Y
V' TI'Y 7w X niexa? napn nynag? nirt'n nivnT
(EPA) anninn 2Xinn NYl YIin'Y NIYXNXA '7vn
(SAM) nxnn" '0'"x 7Tl

Ecodesign for power drive systems, motor starters, power electronics & their driven applications:
General requirements for setting energy efficiency standards for power driven equipment using the
extended product approach (EPA), and semi analytic model (SAM)

1755102 Elat 2016 37
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electronics & their driven applications - Part 2: Energy efficiency
indicators for power drive systems and motor starters
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Figure 4 — Typical power required by application over time fraction = load-time profile required
to calculate the needed electrical energy
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Figure 8 — Four segments of deviating operating points of a PDS

Segment 1 covers the operating points up to 50% relative PDS speed and above 50% relative torque.

Segment 2 covers the operating points above 50% relative PDS speed and above 509% relative

torque.

Segment 3 covers the operating points up to 50% relative PDS speed and up to 50% relative torque.

Segment 4 covers the operating peoints above 50% relative PDS speed and up to 50% relative torque.
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Figure 3 — lllustration of the operating points for speed versus torque to determine the relative
power losses of the power drive system (RPDS)

17 95 02 Elat 2016 45



/4

IVION 95999 SITY9 95799
9959UH IY9IP3

(EED m58979 0999 Y230 D750 5V 119298 02V 9N

Motor systemn data Application operating points

: \
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S — _____________________l ________ -
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points occarding to EN . .
Specify interpolation procedure
505598-2 Exten dEd Frud uct Determine power demand from the losses,
Approach standard Specify calculation of EEl based on the
T application load —time profile
Energy Efficiency
Index
Figure 7 — lllustration of the workflow to derive the energy efficiency index of an extended

product. The relative power losses of the motor system together with permissible tolerances
are the input data of the extended product approach
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Figure A.2 — lllustrated example how the SAMs of the PDS and the pump system interact to
the resulting efficiency index of a pump system
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Example how to apply the SAM in the EPA for pump systems
with a required speed versus torque loss points using the PDS

One example will be the pump systems and other flow rate machine systems which normally are
associated to a parabolic like speed versus torque shape.

PDS relative 4

torque / % PLPps (100:100)  Area of Torque-

100 speed range
relevant for
determining the

T=f(s2) | s

50 /( @ P rps (100:50)
25
PL, Fos (50:25)
» PDSrelative
50 100 speed /%

Figure A.1 — Three points of relative losses and shaded area of interest for the pump
manufactures while defining their EEIl (energy efficiency index)
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Figure 5 — Speed versus torque relative power loss operating points to determine the power
drive system (PDS) losses
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Table A.1 — Relative losses (%) of the reference CDM’s, based on 400V RCDM of different
power ratings at the operating points described in Figure 5

P/ kKW ir\?x PLRcDM, PLRrcoM, PLRcOM, PLRCDM, PLRCDM, PLRcom, PLRcom, PLRrCDM,
relative relative relative relative relative relative relative relative
(0;25) {0;50) (0;100) (50;25) (50;50) (50;100) (90;50) (90;100)
0,12 0,278 33,79 33,84 34,30 33,89 34,04 34,84 34,39 35,85
0,18 0,381 25,24 25,28 25,75 25,34 2548 26,28 25,83 27,30
0,25 0,5 19,74 19,78 20,25 19,84 19,99 20,78 20,34 21,80
0,37 0,697 14,77 14,82 15,29 14,87 15,02 15,82 15,37 16,84
0,55 0,977 11,14 11,19 11,66 11,24 11,39 12,19 11,74 13,21
0,75 1,29 8,96 9,00 9,47 9,06 9,20 10,00 9,55 11,02
1,1 1,71 6,86 7,13 7.82 6,93 7,33 8.40 7.68 9,51
1,5 2,29 5,56 5,83 6,52 5,63 6,03 7,10 6,38 8,21
2,2 3,3 4,54 4,82 5,51 4,61 5,02 6,09 5,37 7,20
3 4 44 4,07 4,35 5,04 4,14 4,55 5,62 4,90 6,72
4 5,85 3.74 4,02 4,71 3.82 422 5.29 4.57 6,39
55 7,94 3,35 3,63 4,32 3,42 3,83 4,90 4,18 6,01
7.5 9,95 2,80 3,09 4,02 2,86 3,28 4,64 3,61 5,84
11 14,4 2,39 2,68 3,61 2,46 2,87 4,23 3,20 543
15 19,5 2,15 2,44 3,37 2,22 2,63 3,99 2,96 5,18
18,5 239 2,02 2,32 3,24 2,09 2,51 3.86 2,83 5,05
22 28,3 1,94 2,23 3,16 2,01 243 3,78 2,75 4,97
30 38,2 1,83 212 3,05 1,90 2,31 3.67 2,64 4,87
37 47 1,76 2,05 2,98 1,83 2,24 3,60 2,57 4,79
45 56,9 1,71 2,01 2,93 1,78 2,20 3.55 2,52 4,75
55 68,4 1,62 1,93 2,90 1,70 2,13 3.53 247 4,74
75 92,8 1,58 1,88 2,85 1,65 2,08 3.48 242 4,69
90 111 1,55 1,86 2,82 1,62 2,05 3.45 2,39 4,66
175102 Elat 2016

50



/4

IVION 95999 SITY9 95799
9959UH IY9IP3

CDM 739095 59999 VY (%-3) 5299957
SINVH ANV MNP IIWPY 993y

Table A.1 — Relative losses (%) of the reference CDM’s, based on 400V RCDM of different
power ratings at the operating points described in Figure 5

PM 7 kW Srequ PL.rcDm, PL rcOM, PL,RCcDM, PLRCcDM, PLRrcDM, PLRrRcom, PL.rcom, PL.RCDM,

KWVA

relative relative relative relative relative relative relative relative

(0:25) {0:50) {D;100) {50:25) (50:50) (50:100) {90:50) {90:100)

110 135 1,24 1,48 2,27 1,32 1,68 2,91 2,02 4,11
132 162 1,23 1,47 2,26 1,30 1,67 2,89 2,01 4,10
160 196 1,22 1,46 2,25 1,29 1,66 2,88 2,00 4,09
200 245 1,21 1,45 2,24 1,28 1,65 2,87 1,98 4,07
250 302 1,17 1,42 2,24 1.24 1.61 2,88 1,95 4.10
315 381 1,16 1,41 2,23 1,23 1,61 2,87 1,94 4,09
355 429 1,16 1,41 2,23 1,23 1,60 2,87 1,94 4,09
400 483 1,16 1,41 2,23 1,23 1,60 2,87 1,94 4,09
500 604 1,15 1,40 2,22 1,22 1,60 2,86 1,94 4,08
560 677 1,15 1,40 2,22 1,22 1,60 2,86 1,93 4,08
630 761 1,15 1,40 2,22 1,22 1,60 2,86 1,93 4,08
710 858 1,15 1,40 2,22 1,22 1,99 2,86 1,93 4.08
800 967 1,15 1,40 2,22 1,22 1,59 2,86 1,93 4,08
900 1088 1,15 1,39 2,21 1,21 1,59 2,85 1,93 4,08
1 000 1209 1,14 1,39 2,21 1,21 1,99 2,85 1,93 4,08
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Table A.3 — Relative losses (%) for a reference PDS, based on a 400V RCDM and 4-pole
reference motors (IE2) at different power ratings and at the operating points described in

Figure 3
Pr,M / KW PLPDs, PL, rDs, PLRPDS, PLpDs, PLpPos, PLpDs, PLpDs, PLpPDs,
relative relative (0;50) relative relative relative relative relative relative
(D;25) (0;100) (50;25) (50:50) {50;100) (100;50) {100;100)
0,12 107,2 111,2 139,4 115,1 119.,4 147.,5 136,8 172,1
0.18 77,22 80,61 101,80 84,24 87,73 109,0 104,0 127.,5
0.25 58,98 61,96 78,50 64,98 68,08 84,76 82,31 102,2
0,37 42, 82 45,52 59,50 47 .51 50,39 64,20 61,03 79,62
0.55 31,49 34,28 48,41 34,97 37,93 51,75 45,05 61,40
0.75 24,71 27,18 39,09 27,68 30,32 41,90 37,74 51,64
1,1 18,06 20,78 32,66 20,77 23,69 35,26 29,92 43,98
1,5 14,49 17,10 27,85 16,90 20,01 30,54 25,28 39,03
2.2 12,01 14,43 23,77 14,32 16,93 27.04 22,15 34,54
3 10,52 12,74 21,26 12,63 15,03 24,52 19,91 31,61
4 9,27 11,28 19,09 11,19 13,47 22,14 18,01 29,11
55 7.84 9,64 16,74 9,64 11,63 19,67 15,80 26,57
7.5 6,21 7,80 14,63 7,79 9,65 17,36 13,45 24,01
11 5,33 6,91 13,43 6,82 8,66 15,84 12,18 21,60
15 4,60 6,17 11,88 5,99 7,72 14,39 10,95 19,98
18,5 4,31 5,80 11,29 5,60 7,24 13,69 10,21 18,84
22 4,10 547 10,86 5,39 6,93 13,16 9,86 18,11
30 3,83 5,00 10,08 492 6,34 12,17 9,13 16,84
37 3,54 4,70 9,39 4,72 6,05 11,47 3,70 16,14
45 3,36 4,44 8,70 4,45 5,68 10,79 240 15,46
55 3,11 4,10 7.91 421 535 9,99 8,18 14,76
75 2,95 3,63 7.03 4,04 4,97 9,11 7.88 13,95
90 2,91 3,59 6,98 3,90 4,73 8,86 7.50 13,60
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Table A.3 — Relative losses (%) for a reference PDS, based on a 400V RCDM and 4-pole
reference motors (IE2) at different power ratings and at the operating points described in

Figure 3
Pr,M [ KW PLpos, P eos, PLRPDs, P ros, PLpros, PLros, PiLpros, | PLpos,
relative relative (0;50) relative relative relative relative relative relative

{0;25) (0;100) (50;25) {50;50) {50;100) {100;50) {100;100)

| 110 2,52 3,22 5,99 3,82 4,76 8,27 7,70 13,12
132 2,51 3,20 5,97 3,50 4,55 8,15 6,80 12,80

160 2,49 3,19 5,86 3,38 443 8,13 6,78 12,47

200 2,48 3,18 5,84 3,37 4,32 8,02 6,64 12,14

250 2,41 3,12 5,71 3,30 4,24 7,88 6,57 12,10

315 2,30 3,01 5,70 3,29 4,25 7,77 6,56 12,10

355 2,30 3,00 5,59 3,29 4,23 777 6,56 12,09

400 2,30 3,00 5,59 3,29 4,23 7,67 6,56 12,09

500 2,29 2,99 548 3,27 4,23 7,65 6,56 12,08

560 2,29 2,99 5,38 3,27 423 7,56 6,55 12,08

630 2,29 2,99 5,28 3,27 4,23 7,55 6,55 12,08

710 2,29 2,99 5,28 3,27 4,22 7,56 6,55 12,08

800 2,29 2,99 518 3.27 4,22 746 6,55 12,08

900 2,29 2,98 5,07 3,26 4,22 7,35 6,55 12,08

1 000 2,28 2,98 5,07 3,26 4,22 7,25 6,55 12,08
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IES class Calculation example:

3 kW PMSM motor (IE 4) with an

inverter (IE 1)
0.12 9% 100 207 | >248W | 166W - 248W | <166W
0.18 113 104 220 | >275W | 183W - 275W | <183 W nverter [0sses: 200w [F
0.25 132 109 256 | >307W | 205W - 307W | <205W Motor l0sses - A BRI EA
0.37 160 117 205 | >364W | 236W - 354W | <236W |
0.55 188 129 338 | >406W | 270W - 406W | <270W System losses @ ESR
0.75 291 142 387 | >464W | 310W - 464W | <310W | . P—
1.1 289 163 484 | >581W | 387W - 581W | <387W
15 358 188 585 | >702W | 468W - 702W | <468W
0.2 471 237 760 | >912W | 608W - 912W | <608W

3 g >1,138W - Relative
4 712 374 | 1164 [>1397W| 931W - 1397W | <931 W losses
55 887 A77 | 1462 [>1,754W [ 1170W - 1,754 W | <1170 W 0 >120 %
75 1099 | 581 1,801 |>2161W| 1441 W - 2161 W | <1441 W 0
1 1437 | 781 | 2376 |>2851W|1,901W - 2,851W |<1,901W 100 % jeterance
15 1790 | 1,010 | 2,997 |>3596W|2.398W - 3596 W | < 2,398 W pystem
185 | 2053 | 1,207 | 3486 |> 4,183W|2,780W - 4,183 W | < 2,780 W 80 %
22 2320 | 1,408 | 3983 |>4,780W|3186W - 4780 W |<3,186W _
30 2878 | 1,858 | 5053 |>6,064W|4,042W - 6,064 W | <4,042W F}g'sast;"se
37 3351 | 2,253 | 5973 |>7,168W|4,778W - 7,168 W | < 4,778 W <80%
45 3835 | 2,700 | 6957 |>8348W|5566W - 8348 W | <5566 W
Source: ENSOSOE
0%
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The interactions between the different stakeholders of the extended product approach are shown in
Figure C.1.

For determining
motor spstem Asses

N S05%058

B Far determining
Maotor manufacturer COM fozses
stardard Losses at standardized I Lreccos 2t skandardined EN 05583
aperating paim= aperating paints standard
uses - - ] e -
e e e - ;
[ . T = T LSy
=D ,.,
FDS manufacturer : iy: o PL
Extended Product manufacturer £on manufactures
Lises ntliade specic
GFeneral procecune *  Muotor system
standard Jor 540 and EFA characteristics
o *  Liad miachine
h
Driving equipment Extended Product e
“ standardisation rites "':'imm sm'd
COMMiti tBuses :Hllhl:uul EEl of the
e EEl evaluation rrﬂmds/, Extended Product
standard within the na_nda rdized
applications
Far combining indihviclual
mtor ard control spstem
WA Figure C.4 — lllustration of the responsibilities and workflow to derive the energy efficiency
! index (EEI) of an extended product
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Figure 14 Definition of Extended Product Approach
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Increased efficiency = decreased related power losses
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NINNN I

Limne fed Converter | Converters (CDM) Power Drive

motors fed losses related to systems (PDS)

Efficiency motors rated power losses related to

Efficiency rated power

IEQ — not u=sed IEQ — u.c. IED — more than 25% IESD — more than
higher than 20%: higher than
reference value reference value

IE1 — can be IE1 — u.c. IE1 - reference IESA - reference

mosthy value +25% wvalue +20%

technically

achieved

IEZ2 — can be IE2 — u.c. IE2 — more than 25% IESZ2 — more than

achieved by lower than reference 20% lower than

enhancement value reference value

IE3 — neasds IE3 —u.c. IE3 —u.c. IES3 —u.c.

significant

amount of

techniques

IE4 — wrill IE4 — u.c. IE4 —u.c IESd —u.c

require new

techniques

IES — IES — u.c. IES —u.c IESS —u.c

experimental

new

technologies

IEG — not used IEE — u.c. IEE —u.c IESE — u.c

IET — not used IET —u.c. IET —u.c. IEST —u.c.

IES8 — not used IEE —u.c. IES — u.c. IESS8 —u.c.

IES — not used IES — u.c. IES — u.c. IESS —u.c.

u.c. = under consideration

NOTE

IE classes for line fed motors are defined in EN 60034-30-1.

IE classes for converter fed motors will be defined in the future IEC/TS 60034-30-2 (in preparation).

Figure 9 — Metrical relation of IE, IES classes
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Figure 2
Typical Switched Reluctance Motor Construction

Wound Stator
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Table 1
Variable Speed Drive System Comparison
Source: Nidec Motor Corporation
Induction Permanent Switched
Criteria Motors Magnet (PM) | Reluctance
Motors (SR) Motors
Maturity of technology 3 2 1
Power density 1 3 2
High starting torque 1 3 3
Cool rotor 1 3 3
Pancake profile capabilities 1 2 3
Maximum speed 2 1 3
Maximum speed range: base to top speed ratio 2 1 3
High peak efficiency 1 3 2
Flat efficiency over a wide speed range 1 2 3
Loss of controls / effect of back Electromotive Force (EMF) 3 1 3
High temperature capability 3 1 3
MNoise, vibration 3 3 2
Torque ripple 3 2 2
Robust, fault tolerance 1 1 3
Sensorless control capability 2 2 3
Low Apparent Power (VA) demand 1 2 3
3 = Best 2 = Average 1 = Worst
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