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1. Executive summary

Advanced electric motor driven systems for pumps, fans, compressors, etc. often use today variable
frequency converters to adjust the electric power demand to the required torque and speed of the ap-
plication. The converter use can lead to large energy savings because the necessary electric power
and the duration of its use can be reduced. On the other hand, frequency converters are costly elec-
tronic devices that need to be well designed, carefully chosen to the required task and well pro-
grammed during the operation of the motor system. Also, converters as power supplies have an intrin-
sic electric loss in standby and in operation, plus they also cause further losses in the driven electric
motor due to the non-sinusoidal voltage and current delivered from its pulse width modulation.

The electric losses and efficiency of converters for motor driven systems have not yet, in a publicly
available independent study, been systematically determined, analyzed and different products com-
pared. A well-defined, internationally accepted and used measuring method for converter losses that
delivers accurate and repeatable results, has not existed so far.

The Round Robin program for Converter Losses (RR'C) was initiated at the end of 2017 as a joint pro-
ject between 4E EMSA' and IEC SC 22G WG182. After the publication of the first standard for con-
verter losses in IEC 61800-9-2, edition 1, on 3 March 2017 [1], the necessity arose to clarify the test-
ing program for converter losses and to verify the so far not tested reference losses in order to set the
future IE-classes for edition 2.

The RR'C program is divided in two phases:

o Phase 1
From November 2017 to the end of February 2019
phase 1 serves as a pilot phase of the RR'C with a small number of laboratories and converters
to elaborate a testing method.

) Phase 2
From beginning of March 2019 to the end of 2020
phase 2 tries to provide sufficient evidence of a larger number of converters to serve as a basis
to define reference losses and efficiency classes.

The current report covers the results, the key findings of the tests in phase 1 between December 2017
and October 2018 and the first set of recommendations for amending IEC 61800-9-2, edition 1.

The first goal of RR'C was to define a robust and practical testing method with the newly defined Uni-
form Testing Protocol (UTP) that will return highly repeatable results. The focus was therefore to com-
pare results of multiple tests of the same converter and check the repeatability (and not the individual
product performance?). The second goal was to provide sufficient statistical evidence of tested regular
converters in the full scope of the converter market between 0.12 kW and 1000 kW to reappraise the
reference losses in IEC 61800-9-2, edition 1 and thus be able to secure the definition of the IE clas-
ses. The entire Round Robin was to be guided by a transparent and scientific approach.

With the project management from EMSA, the co-financing from the four EMSA members Australia
(AU), Denmark (DK), Switzerland (CH) and USA, the following four independent testing laboratories
have been involved in the definition of the UTP and the converter testing of phase 1:

T IEA 4E Electric Motor Systems Annex, www.motorsystems.org

2 International Electrotechnical Commission (IEC), Technical Committee TC22, Subcommittee (SC) 22
G, Working Group (WG) 18

3 This was the reason in phase 1 to publish the details of products and manufacturers. In phase 2, the
comparison of product performance is in focus. Then, the manufacturers will be treated anonymously.
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) Advanced Energy, USA: Emmanuel Agamloh,

o CalTest, AU: Andrew Baghurst,

. DTI, DK: Sandie B. Nielsen (RR'C Task Force Leader),

o BFH, CH: Andrea Vezzini/CH (RR'C Task Force Co-Leader).

The converters were mostly provided by the manufacturers for free or with a discount. The load mo-
tors were taken from laboratory's stock. In phase 1 only standard diode type converters were tested.

CalTest
Andrew Baghurst
Port Elliot AU
DTI Advanced Energy,
Sandie B. Nielsen Emmanuel Agamloh
Taastrup DK Raleigh NC US

BFH
Andrea Vezzini
Bern CH

Figure 1 The Round Robin circle with the four testing laboratories

Three major documents were prepared during phase 1, see Fehler! Verweisquelle konnte nicht ge-
funden werden. The revised UTP and the current Standard Reporting Format (SRF) are presented in
documents attached to this report.

i §
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Figure 2 Overview three working papers

has a mech:

The testing program in phase 1 included 9 converters from 0.75 kW to 11 kW from four different
manufacturers (see Figure 3). A total of 58 tests were made by four independent laboratories, using



24 different load motors in efficiency classes of IE1, IE2 and IE3 from 12 different manufacturers.
Tests were run at 50 Hz and 60 Hz.

To further the knowledge on converter losses, a number of tests were also run to find out about the
feasibility of the selected load motor by type, size, poles, efficiency class, etc. Some of these results
(2-pole, larger size motors, etc.) showed higher deviations and some of these results were not in-
cluded in the final compilation and discussion of repeatability of the results.

Owner Brand Size [kW] RR'C No. CalTest DTI BFH AE
Australia ABB 1.1 01A X X X X
ABB 11.0 01B X
Denmark Schneider 2.2 02A X X X
Parker 0.75 02B X X X
Lenze 55 03A X X X
Switzerland| ABB 55 03B X X X
ABB 2.2 03C X
USA Schneider 22 04A X X X
Schneider 3.0 04B X X X
Figure 3 List of tested products and the testing laboratories

The tests, according to the UTP, were run in a scientific manner with 17 operating points covering the
entire operating field of a converter/motor. If possible, these points should be measured in the follow-
ing sequence in four different frequencies between 100 %, 75 %, 50 % and 25 % plus 0 %, see Figure

4.
O 0 0

Current (% of nominal)
(&)
o

4@ 25| 50| 75| 100

Frequency (% of nominal)

Figure 4 17 operating points of the converter tests according to the UTP in phase 1



Note to the issue of selecting operating points:
Two critical comments on the test method and its operating points defined in IEC 61800-9-2, edition 1:

o the first thing you would want to know from a converter is how the motor would operate, and
how much the total system losses are, at its nameplate rated speed, and not at 90% of that
value. In IEC 61800-9-2, edition 1, only 90% of speed is tested because of the general concern
with ‘overmodulation’. Still, this has no consequence to the end user, who wants to know what
happens at 100% of base speed.

o Second, the ‘operating points’ at stand-still (0% of rated speed) for a range of currents are not
useful. The converter almost certainly will not be able to supply those currents, and if it were so
to do, the motor, deprived of any forced cooling means, would surely burn out in a relatively
short time.

In any case, our thesis has been that the converter should, for this purpose, be set to produce a con-
stant V/f ratio, in which case, at zero (fundamental) frequency output, the voltage is zero, and motor
current likewise. This is, after all, the point at which the ‘standby power’ for the converter is measured,
constituting the ‘C’ value in the quadratic relationship upon which this exercise has been based.

The choice of the number and place of operating points for practical applications which will eventually
be included in the IEC 61800-9-2, edition 2, will be discussed later.

The test results of all the tests on the 9 converters are shown in see Figure 5.

UTP rated
Brand Sizzz RR'CNo. Supp. Current Loss Span Max Min Std. dev. % of mean
[kW] [A] w] W] w] w w]
Parker 0,75 02B 1ph 3,40 30,3 +05 309 299 0,3 1,08%
ABB 1,10 01A 1ph 450 416 +08 424 40,8 0,5 1,23%
Schneider 2,20 04A 3ph 4,60 52,4 +32 55,6 492 1,9 3,56%
Schneider 2,20 02A 3ph 475 57,4 +16 589 55,6 1,2 2,04%
ABB 2,20 03C 3ph 490 63,1 +13 64,0 61,4 1,2 1,84%
Schneider 3,00 04B 3ph 8,65 58,1 +08 591 57,5 0,6 0,97%
Lenze 5,50 03A 3ph 12,00 1243 +07 125,0 1237 0,5 0,39%
ABB 5,50 03B 3ph 12,00 126,2 +63 130,8 1183 43 3,39%
ABB 11,00 01B 3ph 21,40 2209 +10 2219 2199 0,9 0,39%
Figure 5 List of aggregated results of all tests

The results of the measured absolute losses of each converter in all the tested operating points can
also be presented in a standardized reporting format, defined as the SRF, as a second-degree polyno-
mial equation with a coefficient of determination R2 near 100%, see Figure 6 and the equation therein.
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50
45 Quadratic losses
-=---100% speed
40
75% speed
35
— ----50% speed
< 30
n 25% speed
? 25
w
S
@ 20 p
3 — - -
s P=A1R+B|+C
o)
< 10 Where: P is the total converter power loss in watt
| is the output current in ampere and
5 [ Y = 0608)(2 + 4243X + 10003 ] C is the standby power in watt
0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Absolute output current [A]
Figure 6 Graphic result with second-degree polynomial equation

The key results of the tests show:

The UTP is a valuable instrument to return highly repeatable results from tests in different la-
boratories.

It was shown that selection of the motor for load have a certain sensitivity to size and number
of poles whereas manufacturer and efficiency class are less important. In conclusion load mo-
tors must be (kW) sized to the converter in question and fulfill energy class IE2 or IE3. All load
motors must be 4-pole asynchronous motors.

The tests can be equally made at 50 Hz and 60 Hz fundamental frequency.

High precision measuring instruments from at least two different manufacturers have been
used without any influence on the results.

In the tested group of 9 converters from 0.75 kW to 11 kW the maximum span between mini-
mum and maximum loss at full load was between 0.5 W and 6.3 W. The relative span was be-
tween 0.39 % and 3.56 %. The standard deviation was between 0.3 W and 1.9 W.

The measured converter losses were all less than one third of the reference losses of IE1 in
IEC 61800-9-2, edition 1.

The recommendations for the advancement of the converter testing method include the following
topics:

The nominal and rated output current in ampere of any converter must be clearly defined.

o A solution has been introduced in section 3.4.1 A reference output current table of
this report

The converters can be tested with any asynchronous motor to return reasonable results. But it

is recommended to use IE2 or IE3 and only 4-pole motors of the same nominal rating as the

converter to keep repeatability of the test results high.

The no load/off point must be precisely defined to return repeatable results. Auxiliaries like

fans, etc. can distort the measuring results.

11




So far, the 17 operating points have been chosen because of the scientific necessity to have
the measurements covering the entire operating field. The necessary operating points for the
tests will be reappraised for practical reasons to be required in IEC 61800-9-2, edition 2. In
phase 2, only 13 operating points will be used.

For phase 2 of the UTP study it is recommended to include converters with all typical accesso-
ries, filters, 4Q etc. to evaluate the influence of these factors to the losses. Matrix converters
shall also be included.

The comparison of losses and performance in basic drive modules and in complete drive mod-
ules (including auxiliaries) shall be distinguished clearly in phase 2.

12



2. Background, goal

21 Initiative

On Wednesday 6 September 2017, in Rome lItaly, just before EEMODS'17 was starting, a group of 8
members of IEC SC 22G WG 18 met with three representatives from EMSA with the idea to improve
the testing method of converters described in IEC 61800-9-2, edition 1. A cooperation between EMSA
and WG18 was arranged with a two-phase approach with four independent labs to take the lead. The
first draft of a Uniform Testing Protocol was mandated to Andrew Baghurst within a short period of
time to be used in all the laboratories for the subsequent tests. The funding for phase 1 was to be ar-
ranged with the Swiss, Danish, Australian and US government agencies already involved as members
of EMSA. The four testing labs for phase 1 and the RR'C leadership were decided like this:

o Advanced Energy, USA: Emmanuel Agamloh,

o CalTest, AU: Andrew Baghurst,

o DTI, DK: Sandie B. Nielsen (RR'C Task Force Leader),

o BFH, CH: Andrea Vezzini/CH (RR'C Task Force Co-Leader).
2.2 Timeline

The timing with two phases was set like this:

o Phase 1
from November 2017 to the end of February 2019
as a pilot phase with a small number of laboratories and converters, to clarify the testing method
with a Uniform Testing Protocol (UTP).

o Phase 2
from the beginning of March 2019 to end of 2020
to provide sufficient evidence of tested converters between 0.12 kW and 1000 kW to reappraise
the reference losses and to secure the choice of the |E classes.

The timeline was coordinated with the tentative schedule for the revision of IEC 61800-9-2, edition 2
with a first CD to be published in summer of 2019.

A first orientation of the RR'C program, the first version of the UTP and the results of the first 26 tests
was held at the IEC WG18 meeting on 26 February 2018 in Tampa Florida USA.

A public workshop was held on 13 November 2018 at the Motor Summit 2018 in Zurich Switzerland.

This report as the result of RR'C phase 1 with 58 tests, will be presented and discussed at the IEC SC
22G WG 18 meeting in Melbourne Australia on 19 - 20 February 2019. WG 18 will then decide what to
include in the revised IEC 61800-9-2, edition 2.

2.3 Motives for the RR'C

In the last decade, the development of methods for motor efficiency testing and motor efficiency clas-
sification the test methods for motor efficiencies were clarified by international Round Robin testing
programs. Their results were discussed and published in the motor community. This work preceded
the initial setting of efficiency classes in 2008 (IEC 60034-30, edition 1, 2008). In the following years,
the test methods were again improved (IEC 60034-2-1, edition 2, 2014) and the classification updated
with the technical development (IEC 60034-30-1, edition 1, 2014). Subsequent Round Robin programs
verified the repeatability of the currently used preferred method [2].

The test and calculation method for converter losses and the efficiency classification have been set
(IEC 61800-9-2, edition 1, 2017) without preceding systematical tests in independent laboratories with
the results publicly available. The testing method in IEC 61800-9-2, edition 1 has been considered not

13



precise enough to return repeatable results. Also, the calculation method given in IEC 61800-9-2 has
been criticized for not being readily and generally applicable by any manufacturer because no verified
calculation program was available from IEC. Also, the necessary inputs in any similar calculation pro-
gram require a considerable effort in default values and component tests.

In the current situation of national Minimum Energy Performance Standards (MEPS) being set, the
methods for check testing have not been well enough defined for independent laboratories to verify
the results.

24 Goals

The first goal of RR'C was to define a robust and practical testing method with a newly defined Uni-
form Testing Protocol (UTP) that will return highly repeatable results.

The second goal of the RR'C was to provide sufficient statistical evidence of tested regular converters
in the market between 0.12 kW and 1000 kW to reappraise the reference losses in IEC 61800-9-2,
edition 1 and thus be able to secure the definition of the IE classes.

The entire Round Robin was to be guided by a transparent and scientific approach.
25 RR'C organization

The RR'C Task Force and its leadership from 4E EMSA, WG18 and industry has been selected and
mandated.

o Project manager (PM):
Sandie B. Nielsen/DK (Task Force leader), Andrea Vezzini/CH (Co-Task Force leader)

o Advisory group (technical support for the PM):
Andrew Baghurst/CalTest, AU; Pierre Angers/Hydro Quebec, CA; Emmanuel Agamloh/Ad-
vanced Energy, USA; Kurt Stockman/University of Gent, BE; Chai Qing/China National Center
for Quality Supervision and Test of Electrical Control and Distribution Equipment/Tianjin CN

o Steering committee (strategic support and financial resources):
Conrad U. Brunner/CH (4E EMSA) (for phase 1 only), Maarten van Werkhoven/NL (4E EMSA),
Roland Briiniger/Swiss government CH, Bjarke Hansen/Danish government DK

o Industry contact group:
It was considered necessary to hold close contact with representatives of major industries that
manufacture converters. The following group was invited as industry contact group.

o ABB (Freddy Gyllensten, Sweden), Danfoss (Norbert Hanigovszki, DK), Fuji Electric (Ikuya
Sato, Japan), SEW Eurodrive (Tim Schumann, US), Siemens (Bill Finley, USA).

25 Plan of RR'C phase 2 (see chapter 5)

During 2018, the plan of the RR'C phase 2 was developed. Currently, 7 labs will participate in the tests
of small and medium size converters, 2 or 3 industry laboratories will participate in stationary tests of
larger converters between 200 and 1000 kW according to the UTP. Three of the current laboratories
will continue and four new laboratories Canada, China, Germany and Japan) will expand the group of
testing laboratories.

Itis planned to tests some 60 converters between 0.12 kW and 1000 kW and accept different types of
diode and matrix converters.

The definitive program for phase 2 will be decided at the SC22 G WG 18 meeting on 19 - 21 February
2019 in Melbourne, Australia.
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3. Compiled results and findings

3.1 Phase 1 tests performed

The tests performed in phase 1 of the RR’C was distributed around the world between 4 independent
laboratories.

o USA Advanced Energy, Raleigh NC

o Denmark Danish Technological Institute, Aarhus

o Switzerland Bern University of Applied Sciences, Biel
) Australia CalTest, Port Elliot, SA

The converters and load motors used for phase 1 was in most cases already “in-stock” at the labs,
and the rest were purchased for the purpose.

For reasons of simplicity / recognizability the following chapter refers to the size of converters as the
kW size of the motor intended for the specific converter respectively. Especially for the smaller con-
verters the nominal output current is relatively high compared to the kW motor size nominal current.

One part of phase 1 of the project was to show whether this relatively lower absolute value of the nom-
inal current of the motors was enough to show the efficiency of the converters involved.

The complete testing program in phase 1 included 9 converters ranging in nominal output power from
0.75 kW to 11 kW from four different manufacturers (see Figure 7).

A total of 58 tests were made, using 24 different motors in efficiency classes of IE1, IE2 and IE3 from
13 different manufacturers.

Tests were performed at both 50 & 60 Hz input and output frequencies with corresponding voltage lev-
els and combinations hereof.

Owner Brand Size [kW] RR'C No. CalTest DTI BFH AE
Australia ABB 1.1 01A X X X X
ABB 11.0 01B X
Denmark Schneider 2.2 02A X X X
Parker 0.75 02B X X X
Lenze 55 03A X X X
Switzerland| ABB 55 03B X X X
ABB 2.2 03C X
USA Schneider 2.2 04A X X X
Schneider 3.0 04B X X X
Figure 7 Phase 1 converters overview

For some of the converters the tests included both 50 Hz and 60 Hz load to establish independency
on the output circuits.

Furthermore, it should be noted, that some of the motors used served as load for multiple setups.
One example of this was the Busck motor at the DTI lab. This is constructed in such a way that it can
be used as both a 50 Hz load (2.2 kW — 4.91 A) and a 60 Hz load (2.53 kW — 4.91 A):
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[FBUsSCK < )
3-Phase Motor ~ | IE2

Type ME100LA4 B5 [No0.1603083439 [22.7 k

| Insulation F | COS® 0.77

(ﬁﬁ Temp Rise B | Duty S1 lIP_ 55 :._349
38 V KW Hz A Pm_ &4
W™ 230 212 50 8.51 1445
Y 400 2.2 50 4.91 1445
Y 440-480 | 2.53 60 4.91 1730
50 Hz: IEZ—84.3(100%)—84.4(75%)—82.5(50%)

B

Standards EN 60 034-1

Figure 8

Busck 4-pole motor from DTI, 2.2 kW 50 Hz, 2.53 kW, 60 Hz

When elaborating the 58 tests performed (see Figure 9), the distribution of the energy classes of the
motors used show a limited number of IE1 motors (14%), about one third was IE2 motors (33%) and
more than half of the motors used was IE3 (53%).

This is likely a good representation of the motor market for conventional converters in the year 2018.

CalTest DTI BFH AE
Owner Brand Size [kW] RR'C No. IE1 IE2 IE3 IE1 IE2 IE3 IE1 IE2 IE3 IE1 IE2 IE3
. ABB 1.1 01A 4 4 1 2 2
Australia
ABB 11.0 01B 4
Schneider 22 02A 1 2 2 2
Denmark
Parker 0.75 02B 1 1 2|1
Lenze 55 03A 1 1 1 2
Switzerland ABB 55 03B 1 1 1 2
ABB 2.2 03C 3
i 1 2 4
USA Schneider 2.2 04A
Schneider 3.0 04B 1 4
IE1 IE2 IE3 Total no. of tests: 58
8 19 31
14% 33% 53%
Figure 9 Phase 1 converters elaborating motors used
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3.2 Results of each converter

The detailed description of the tested nine converters follows in chapter 6.2.

3.21 Converter No. 01A: ABB 1.1 kW, nominal output 6.7 Amps — 1 phase supply

Below, in Figure 10, are the collected results of the tests performed by four labs on the ABB 1.1 kW
converter No. 01A.

The measurements from Advanced Energy have been removed, as the load motor used here was a
2.2 kW machine resulting in deviations beyond acceptable values.

DT DTI2 DTI3 CalTest! CalTest2 CalTest3 CalTestd DTI4 DTI5  BFH1  BFH2 AE1 AE2
IE2 1E2 IE3 IE2 IE2 IE2 IE2 IE2 IE2 IR IE3 IE3 IE3 IE3
Equations | 059 0,61 0,52 0,48 0,43 0,54 0,56 0,61 0,67 0,88 0,87
4,29 4,24 4,61 4,97 513 4,70 4,64 4,26 4,06 2,95 2,96 Mean | Max/Min
Absolute | 10,09 1000 9,93 10,14 1013 10,16 10,18 9,99 10,03 9,89 9,92 value | span
Current 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

2,00 21,0 20,9 21,2 22,0 22,1 21,7 217 21,0 20,8 19,3 19,3 21,0W | 1,4 W
2,16 221 22,0 223 23,1 232 22,8 228 22,0 21,9 20,3 20,3 221W | £1,4W
2,31 232 231 233 24,2 24,3 23,9 239 23,1 23,0 21,4 21,4 232W [ £1,4W
2,47 243 24,2 24,4 253 254 25,1 25,1 24,2 24,1 25 25 243W [ £1,4W
2,63 254 253 256 26,5 26,5 26,2 26,2 254 253 237 237 254W | £1,4W
2,78 26,6 26,5 26,7 27,7 27,7 27,4 27,4 26,6 26,5 24,9 24,9 266W | £1,4W
2,94 27,8 27,7 27,9 28,9 28,9 28,6 28,7 27,8 27,7 26,1 26,1 278W | £1,4W
3,09 29,0 28,9 29,1 30,1 30,1 29,9 29,9 29,0 29,0 27,4 27,4 291W | £1,3W
3,25 30,3 30,2 30,3 31,3 31,3 31,2 31,2 30,3 30,3 28,8 28,7 304W  £13W
3,41 31,6 31,5 31,6 32,6 32,6 32,5 32,5 31,6 31,6 30,1 30,1 3M7W  £13W
3,56 32,9 32,8 32,9 33,9 33,8 33,8 33,8 32,9 32,9 31,6 31,5 3BOW  £12W
372 34,2 34,2 34,2 352 35,1 35,1 352 34,3 343 33,0 33,0 344W  £11W
3,88 35,6 35,6 355 36,6 36,4 36,5 36,6 35,7 358 345 34,4 3BTW £ 11W
4,03 37,0 37,0 36,9 38,0 37,8 37,9 38,0 371 37,2 36,1 36,0 372W  £1,0W
4,19 38,4 38,4 38,3 39,3 39,1 39,3 39,4 38,5 38,7 37,7 37,6 386W  £09W
4,34 39,9 39,9 39,7 408 405 408 40,9 40,0 402 39,3 39,2 401W | £09W
4,50 41,4 41,4 41,1 422 41,9 423 424 41,5 41,8 41,0 408 41,6W | £08W
4,60 42,4 42,4 42,0 43,1 428 43,2 43,4 425 42,8 42,1 41,9 426W | 20,7 W
4,70 433 434 43,0 44,1 437 442 44,4 435 438 432 43,0 436W [ 20,7 W
4,80 44,3 44,4 43,9 45,0 446 452 454 44,5 44,9 443 442 446W | £0,7W
4,90 453 454 44,9 46,0 455 46,2 46,4 455 459 455 453 456 W | 0,7 W
5,00 46,3 46,4 45,9 47,0 46,5 47,2 474 46,6 47,0 46,6 46,5 467W | 208W

Figure 10 Collected results of converter No. 01A — ABB 1.1 kW

The losses at 4.5 A, the defined “nominal” output current corresponding to a standard 1.1 kW 4-pole
motor, shows very good agreement.

The statistics at this load point are as follows:

Mean value: 41.6 W with a standard deviation of 0.51 W

The averaged efficiency of the converter at this operating point was measured to 96.8%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 1.71 kVA unit (1.1 kW informative) of 163 W.

This would lead to a relative value of 41.6/163 = 0.26.

In the specific case with this converter, the reference becomes higher.
The calculated rated apparent power of this converter is: Sr = V3-Ur:Ir = 1.73:230-4.5 = 1.793 kVA.

The reference losses would then amount to 188 W corresponding to a relative value of 0.22.
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3.22 Converter No. 01B: ABB 11 kW, nominal output 23.1 Amps — 3 phase supply

Below, in Figure 11, are the collected results of the tests performed on the ABB 11 kW converter No.
01B.

This converter was only measured by one of the participating labs (CalTest). It was measured on four
different days using two different motors.

CalTest1 CalTest2 CalTest3 CalTestd

IE2 IE2 IE2 IE2

Equations 0,12 0,12 0,13 0,13
7,01 6,99 6,87 6,89 Mean Max/Min

Absolute 15,30 15,18 15,29 15,09 value span

Current 1,00 1,00 1,00 1,00
10,00 97,4 97,1 96,9 97,0 97 W +02W
10,60 103,1 102,8 102,7 102,7 103 W +02W
11,20 108,8 108,6 108,5 108,5 109 W +02W
11,80 1147 114,4 1144 114,5 114 W +02W
12,40 120,6 1204 1204 120,5 120 W +01W
13,00 126,7 126,4 126,5 126,6 1227 W +0,1W
13,60 132,8 132,5 132,7 132,8 133 W +01W
14,20 139,0 138,7 138,9 1391 139 W +02W
14,80 1453 145,0 1453 1455 145 W +02W
15,40 151,7 151,4 151,8 152,0 152 W +03W
16,00 158,1 1579 158,3 158,5 158 W +03W
16,60 164,7 164,4 165,0 165,2 165 W +04W
17,20 1713 171,0 1717 172,0 172 W +05W
17,80 178,0 177,8 1786 178,8 178 W +05W
18,40 1849 1846 185,5 1858 185 W +06W
19,00 191,7 191,5 1925 192,8 192w +0,7W
19,60 198,7 1984 199,6 200,0 199 W +08W
20,20 205,8 205,5 206,8 207,2 206 W +08W
20,80 213,0 212,7 2141 2145 214 W +09W
21,40 220,2 219,9 2215 2219 221 W +1,0W
22,00 2275 2272 229,0 2295 228 W +1,1W
22,60 2349 234,6 236,6 2371 236W | £12W

Figure 11 Collected results of converter No. 01B — ABB 11 kW

The losses at 21.4 A, the defined “nominal” output current corresponding to a standard 11 kW 4-pole
motor, shows very good agreement.

The statistics at this load point are as follows:

Mean value: 221 W with a standard deviation of 0.86 W

The averaged efficiency of the converter at this operating point was measured to 98.2%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 14.4 kVA unit (11 kW informative) of 781 W.

This would lead to a relative value of 221/781 = 0.28.

In the specific case with this converter, the reference becomes higher.
The calculated rated apparent power of this converter is: Sr = V3:Ur:|r = 1.73:400-21.4 = 14.8 kVA.

The reference losses would then amount to 1.01 kW corresponding to a relative value of 0.22.
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3.23 Converter No. 02A: Schneider 2.2 kW, nominal output 5.8 Amps — 3 phase supply

Below, in Figure 12, are the collected results of the tests performed by three labs on the Schneider 2.2
kW converter No. 02A.

The measurements from Advanced Energy have been removed, as the load motor used here was a
3.7 kW machine resulting in very high deviations.

DTH DTI2 DTI3 DTI4 BFH1 BFH2 AE1 AE2
IE3 IE3 IE1 IE2 IE3 IE3 IE3 IE3
) 0,56 0,73 0,84 0,61 1,10 1,02
E quations
6,46 6,03 5,30 6,64 465 520 Mean | Max/Min
Absolute 12,60 12,54 12,61 12,52 12,21 11,59 value span
Current 1,00 1,00 1,00 1,00 1,00 1,00

220 295 293 283 30,1 278 28,0 288W  212W
2,34 30,8 30,6 296 31,4 29,1 29,4 VAW 212W
2,48 32,1 32,0 30,9 3238 30,5 30,8 MSEW 1AW
262 33,4 33,3 32,2 341 319 32,2 329W =11W
276 347 347 336 355 334 33,7 343W  =11W
2,90 36,1 36,1 35,0 36,9 349 35,3 3/TW £10W
3,04 37,4 376 36,5 38,4 36,5 36,8 372W  £10W
3,18 38,8 39,1 379 39,8 38,1 38,5 3BTW  £10W
3,32 40,2 406 39,4 413 39,7 40,1 402W | =09W
3,46 a7 421 41,0 4238 414 413 418W | 209W
3,60 431 437 425 444 432 436 434W | =09W
3,74 446 453 441 459 45,0 453 450W | 209W
3,88 461 469 458 475 468 4772 487W | 209W
402 477 485 474 491 436 49,0 434w | 208W
416 492 50,2 491 50,8 50,6 50,9 501w | 209W
430 50,8 51,9 50,9 52,4 52,5 52,8 519W  £10W
444 52,4 53,6 526 54,1 545 54,8 537W  12W
458 54,0 55,4 544 558 56,5 56,8 555W @ 14W

LAT2 ss6 ..572 ...%83 . ..S51S5....588 ..%588 .. S |L3TAw Pt e W
486 57,3 59,0 58,1 59,3 60,7 61,0 592W | £19W
5,00 59,0 60,8 60,0 61,1 62,9 63,1 612w | 224 W
514 60,7 62,7 62,0 62,9 65,1 65,3 631w =2 3W

Figure 12 Collected results of converter No. 02A — Schneider 2.2. kW

The losses at 4.75 A, the defined “nominal” output current corresponding to a standard 2.2 kW 4-pole
motor, shows good agreement.

The statistics at this load point are as follows:

Mean value: 57.4 W with a standard deviation of 1.17 W

The averaged efficiency of the converter at this operating point was measured to 97.7%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 3.3 kVA unit (2.2 kW informative) of 237 W.

This would lead to a relative value of 57.4/237 = 0.24.

In the specific case with this converter, the UTP reference equals the reference suggested by IEC
61800-9-2, edition 1 although it is right on the limit:

The calculated rated apparent power of this converter is: Sr = V3-Ur:Ir = 1.73:400-4.75 = 3.3 kVA
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3.24 Converter No. 02B: Parker 0.75 kW, nominal output 4.0 Amps — 1 phase supply

Below, in Figure 13, are the collected results of the tests performed by three labs on the Parker 0.75
kW converter No. 02B.

All measurements were made with 0.75 kW motors. In US with Advanced Energy the maximum meas-
ured current was 4.0 A, all others it was 3.4 A.

DT DTI2 BFH1 BFH2 AE1 AE2

1E3 IE2 IE3 IE3 IE1 1E1

Equations 1,02 0,76 1,37 K33 1,73 1,80
426 4,87 2,99 3,03 1,69 1,58 Mean Max/Min

Absolute 458 4,59 456 454 428 427 value span

Current 1,00 1,00 1,00 1,00 1,00 1,00
1,48 13,1 134 12,0 11,9 10,6 10,6 11,9W +1,4W
1,60 14,0 143 12,9 12,8 114 11,4 12,8 W +1,4W
1,72 14,9 15,2 138 13,7 12,3 12,3 13,7W +1,4W
1,84 15,9 16,1 147 14,6 133 133 146 W +1,4W
1,96 16,9 17,0 15,7 15,6 14,3 14,3 15,6 W +1,4W
2,08 17,9 18,0 16,7 16,6 153 15,4 16,6 W +1,3W
2,20 18,9 19,0 178 17,7 16,4 16,5 17,7W +13W
232 20,0 20,0 18,9 18,7 17,5 17,6 18,8 W +1,2W
244 211 21,0 20,0 19,9 18,7 18,9 19,9W +12W
2,56 2.2 22,0 21,2 21,0 20,0 20,1 21,1W +1,1W
2,68 233 231 224 22,2 213 21,5 223W +1,0W
2,80 245 241 237 23,5 226 228 235W +1,0W
2,92 257 252 25,0 24,7 240 243 248W +0,9W
3,04 27,0 264 26,3 26,1 254 257 2611W +08W
3,16 28,2 275 277 27,4 26,9 27,3 275W +0,6W
3,28 29,5 287 291 28,8 285 288 289w +05W
3,40 30,9 29,9 30,6 30,2 30,1 30,5 30,3W +0,5W
3,52 32,2 311 32,0 31,7 317 322 31.8W +06W
3,64 33,6 323 336 33,2 334 339 333w +0,8W
376 35,0 33,6 352 347 352 357 349W +1,1W
388 36,5 349 36,8 36,3 369 37,5 36,5W +1,3W
4,00 38,0 36,2 38,4 38,0 38,8 39,4 3g,1w INEEW

Figure 13 Collected results of converter No. 02B — Parker 0.75 kW

The losses at 3.4 A, the defined “nominal” output current corresponding to a standard 0.75 kW 4-pole
motor, shows very good agreement.

The statistics at this load point are as follows:

Mean value: 30.3 W with a standard deviation of 0.33 W

The averaged efficiency of the converter at this operating point was measured to 96.5%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 1.29 kVA unit (0.75 kW informative) of 142 W.

This would lead to a relative value of 30.3/142 = 0.21.

In the specific case with this converter, the reference becomes higher.
The calculated rated apparent power of this converter is: Sk = V3-Ur'Ir = 1.73-230-3.4 = 1.354 VA.

The reference losses would then amount to 163 W corresponding to a relative value of 0.19.

20



3.25 Converter No. 03A: Lenze 5.5 kW, nominal output 13 Amps — 3 phase supply

Below, in Figure 14, are the collected results of the tests performed by three labs on the Lenze 5.5 kW
converter No. 03A.

The measurement from CalTest have been removed as this, for so far unexplainable reasons, resulted
in very high deviation.

BFH1 BFH2 AE1 AE2 CalTest1
IE3 1E1 IE3 IE3 1E2
Equations 0,27 033 0,26 0,25
6,56 5,85 6,50 6,65 Mean Max/Min
Absolute 6,54 6,58 7,93 7,83 value span
Current 1,00 1,00 1,00 1,00

5,70 52,7 50,8 53,5 54,0 52,8W P16 W
6,05 56,2 54,2 56,9 57,3 56,2W FEE5W
6,40 59,6 57,8 60,3 60,8 59,6 W +15W
6,75 63,2 61,3 63,8 64,3 63,1W +15W
7,10 66,8 65,0 67,3 67,8 66,7 W +14W
745 705 68,8 709 714 70,4 W +13W
7,80 742 72,6 746 751 741W +13W
8,15 78,0 76,5 783 789 77,9W +12W
8,50 81,9 80,5 821 827 81,8W +11W
8,85 85,9 846 86,0 86,5 85,7 W +10W
9,20 89,9 88,8 89,9 90,5 89,8 W +08W
9,55 94,0 93,0 93,9 94,5 938w +07W
9,90 98,1 97,3 98,0 98,5 98,0 W +06W
10,25 1023 101,7 1021 102,6 1022W | =04W
10,60 106,6 106,2 106,3 106,8 1065W | =03W
10,95 111,0 110,8 110,5 111,0 1108W | =02W
11,30 1154 1155 1149 115,3 1153 W [ = 0,3 W
11,65 119,8 120,2 119,2 119,7 1197W | =05W
12,00 1244 1250 1237 1241 1243W  =07W
12,50 131,0 132,0 130,1 130,6 1309W +09W
13,00 137,8 139,2 136,7 1371 1377W . £12W
13,50 1446 146,6 1435 1438 1446 W [ 1,6 W

Figure 14 Collected results of converter No. 03A — Lenze 5.5 kW

The losses at 12 A, the defined “nominal” output current corresponding to a standard 5.5 kW 4-pole
motor, shows very high agreement.

The statistics at this load point are as follows:

Mean value: 124.3 W with a standard deviation of 0.48 W

The averaged efficiency of the converter at this operating point was measured to 98.0%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 7.94 kVA unit (5.5 kW informative) of 477 W.

This would lead to a relative value of 124.3/477 = 0.26.

In the specific case with this converter, the reference becomes even higher.
The calculated rated apparent power of this converter is: Sr = V3-Ur:Ir = 1.73:400-12 = 8.31 kVA.

The reference losses would then amount to 581 W corresponding to a relative value of 0.21.
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3.2.6 Converter No. 03B: ABB 5.5 kW, nominal output 12 Amps — 3 phase supply

Below, in Figure 15, are the collected results of the tests performed by three labs on the ABB 5.5 kW
converter No. 03B.

BFH1  BFH2 AE1 AE2  CalTest1
IE3 IE1 IE3 IE3 IE1
Equations | 023 0.32 0,22 0,22 022
722 5,96 6,96 6,94 594 Mean | MaxMin
Absolute 875 1326 1113 1113 14,97 value span
Current 1,00 1,00 1,00 1,00 1,00
6.00 604 60 5 60.9 60,9 586 603W | ELIW |
629 63.3 634 63.6 636 611 630W | £13W
657 66.2 662 66,4 66,5 636 658W | £14W
6.86 69.2 692 69.3 69.3 661 686W  +16W
7.4 72.2 721 721 722 687 TI5W | £17W
743 75.2 752 75.0 75.1 714 744W | £19W
771 78.2 783 78.0 78.1 740 773W | £21W
8.00 81.3 814 81,0 81.1 767 803W  £23W
829 84,5 846 84.0 84.1 794 833W  £26W
857 87.7 8738 87.0 87.2 822 864W  +28W
8.86 90,9 911 90,1 90,3 850 895W  +31W
9.14 94.1 945 93,2 934 879 926W  £33W
943 974 979 96.4 96.6 907 958 W  £36W
971 1008 1013 99.6 99,8 936 990W  £38W
10,00 104.1 1048 1028 1030 966 1023W  +41W
10,29 1075 1084 1061 1063 996 1056 W | +44W
10,57 1110 1120 1094 1096 102,6 1089W +47W
10,86 1145 1157 1128 1130 105,7 1123 W £50W
11,14 118.0 1194 1161 1164 108.8 1157 W £53W
1143 1215 1232 1195 1198 11,9 1192W | £56W
11,71 1251 1270 1230 1233 115,1 1227 W | £6,0W
12,00 128 8 1308 1265 12638 1183 1262 W £63W

Figure 15 Collected results of converter No. 03B — ABB 5.5 kW

The losses at 12 A, the defined “nominal” output current corresponding to a standard 5.5 kW 4-pole
motor, shows good agreement between four of the measurements. The CalTest measurement are dis-
tinctly lower than the others.

The statistics at this load point are as follows:

Mean value: 126.2 W with a standard deviation of 4.3 W

The averaged efficiency of the converter at this operating point was measured to 98.1%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 7.94 kVA unit (5.5 kW informative) of 477 W.

This would lead to a relative value of 124.7/477 = 0.26

In the specific case with this converter, the reference becomes even higher.
The calculated rated apparent power of this converter is: Sr = V3-Ur:Ir = 1.73:400-12 = 8.31 kVA.

The reference losses would then amount to 581 W corresponding to a relative value of 0.21.

It's worth noting that this 5.5 kW converter has been measured to the exact same losses as 03A.
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3.2.7 Converter No. 03C: ABB 2.2 kW, nominal output 5.3 Amps — 3 phase supply

Below, in Figure 16, are the collected results of the tests performed on the ABB 2.2 kW converter No.
03C.

This converter was only measured in Switzerland by BFH.

BFH1 BFH2 BFH3

IE3 1E1 IE3

Equations 042 0,25 0,32
930 9,98 1055 Mean | Max/Min

Absolute 579 8,81 476 value span

Current 1,00 1,00 1,00
3,00 375 410 393 392wW | 1.8 W
3,10 386 421 405 404W | 21T W
320 398 433 4138 M6W [ 21 TW
330 41,0 445 43,0 428W | £17TW
340 423 456 443 41w 21 TW
350 435 468 456 453W | £17W
360 447 480 46,8 465W  £16W
370 459 491 481 477TW  £16W
3380 472 503 494 490W  £16W
390 484 515 50,7 502W  +15W
4,00 497 527 52,0 515W  +15W
410 51,0 539 533 527TW  +£15W
420 522 551 54.6 540W +14W
430 535 56,3 56,0 553W  +14W
440 54,8 575 573 566W +14W
450 56,1 58,8 58,6 578W  £13W
460 574 60,0 60,0 591W | £13W
470 58,8 612 61,3 604W | £13W
4380 60,1 625 62,7 61,7W | £13W
490 61.4 63.7 64.0 631W | 13W
500 62,8 649 654 644W | £13W
510 64,1 66,2 66,8 657W | £13W

Figure 16 Collected results of converter No. 03C — ABB 2.2 kW

The losses at 4.9 A, the defined “nominal” output current corresponding to a standard 2.2 kW 4-pole
motor, show very good agreement. The first measurement was lower than the others.

The statistics at this load point are as follows:

Mean value: 63.1 W with a standard deviation of 1.16 W

The averaged efficiency of the converter at this operating point was measured to 97.5%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 3.3 kVA unit (2.2 kW informative) of 237 W.

This would lead to a relative value of 63.1/237 = 0.27.

In the specific case with this converter, the reference becomes even higher.
The calculated rated apparent power of this converter is: Sr = V3-Ur:Ir = 1.73:400-4.9 = 3.39 kVA.

The reference losses would then amount to 299 W corresponding to a relative value of 0.21.
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3.28 Converter No. 04A: Schneider 2.2 kW, nominal output 5.1 Amps — 3 phase supply

Below, in Figure 17, are the collected results of the tests performed by four labs on the Schneider 2.2
kW converter No. 04A.

This converter was tested both at 3.91 A and 5.1 A nominal using different load motors.

AE1 AE2 CalTest1 DT DTI2 AE1 AE2 DT DTI2

IE3 1E3 IE2 IE2 1E1 |E3 IE3 IE1 1E2

Equations -0.72 -0.74 0,79 -0.96 -0.84 0,04 -0.27 -0.36 -0.31
13,50 13,65 1358 13.88 13.49 10,44 1132 11,87 11,65 Mean Max/Min

Absolute 673 6.77 5,80 5,67 560 6.68 6.74 561 5,57 value span

Current 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
1380 287 289 217 275 272 256 263 258 255 210W  £17W
193 301 304 291 289 285 27.0 276 272 269 284W £17TW
2,06 315 318 304 302 299 284 29.0 286 283 298W £17W
220 329 332 318 315 312 298 30.3 299 297 1AW £18W
233 342 345 331 328 325 31.2 317 313 31.0 325W  £18W
246 356 358 344 340 337 326 33.0 326 323 338W  +18W
259 36.9 371 357 352 349 34,0 343 339 337 BIW 21TW
272 381 384 36,9 364 361 354 356 352 350 364W  £1TW
286 394 397 381 375 373 36.8 36.9 36.5 363 376W  £17TW
299 406 409 393 38,6 384 38.2 38.2 37.8 376 3B8W 21 TW
312 4138 421 404 396 395 39.6 395 391 389 401W - £16W
325 430 433 416 406 406 411 407 404 402 4M3W 216 W
338 442 444 426 416 416 425 42,0 416 414 424W | £15W
351 453 456 437 426 427 439 432 428 427 436 W [ 215 W
365 464 46.7 448 435 436 453 445 41 439 47W 216 W
378 475 417 458 444 446 467 457 453 451 459W £17TW
391 485 488 46,8 453 455 481 46,9 46,5 464 47T0W  £18W
400 492 495 474 458 461 491 47.8 473 472 47TTW  £18W
430 515 517 495 476 481 52,3 505 499 499 501W £24W
460 536 538 515 492 499 55,6 53.2 525 526 524W  £32W
490 556 558 53.3 50,6 516 58.8 55,8 551 552 546W « x41W
520 575 576 55,0 51,9 531 62,1 58,4 57.5 57.7 568 W | £51W

Figure 17 Collected results of converter No. 04A — Schneider 2.2 kW

The losses at 4.6 A, the defined “nominal” output current corresponding to a standard 2.2 kW 4-pole
motor, shows very good agreement.

The statistics at this load point are as follows:

Mean value: 52.4 W with a standard deviation of 1.87 W

The averaged efficiency of the converter at this operating point was measured to 98.0%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 3.3 kVA unit (2.2 kW informative) of 237 W.

This would lead to a relative value of 52.4/237 = 0.22.

In the specific case with this converter, the reference becomes even higher.
The calculated rated apparent power of this converter is: Sr = V3-Ur:Ir = 1.73:460-4.6 = 3.66 kVA.

The reference losses would then amount to 299 W corresponding to a relative value of 0.18.
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3.29 Converter No. 04B: Schneider 3.0 kW, nominal output 13.7 Amps — 3 phase supply

Below, in Figure 18, are the collected results of the tests performed by three labs on the Schneider 3.0
kW converter No. 04B.

This converter was tested by three labs both at 8.65 A and 13.7 A nominal using different load motors.
The measurement from CalTest have been removed, as the load motor used here was a 2-pole ma-
chine resulting in very high deviations.

AE1 AE2 DT CalTest1 AE3 AE4

IE3 1IE3 IE1 1E2 2p 1E3 IE3

Equations 0,07 0,05 0,08 0,13 0,11 0,12
531 5,55 551 5,66 499 4,94 Mean Max/Min

Absolute 6,24 6,31 524 5,25 6,31 6,27 value span

Current 1,00 1,00 1,00 1,00 1,00 1,00
420 298 30,5 299 29,3 291 297 W +07W
448 315 322 316 30,9 30,7 314W +07W
476 331 338 333 326 324 331W +07W
5,03 348 355 351 343 341 348W +07W
531 36,5 37,2 36,9 36,0 358 365W +07W
5,59 38,2 389 387 37,8 375 382w +07W
587 399 40,6 405 395 393 399w +07W
6,15 416 423 423 413 41,0 417w +06W
6,43 433 440 441 431 428 435W 06 W
6,70 451 457 459 449 446 452W +07W
6,98 46,8 47,5 478 46,7 46 4 470W +07W
7,26 48,6 492 496 485 483 488 W +07W
7,54 50,3 51,0 515 50,4 50,1 50,7 W +07W
7,82 521 527 534 52,2 52,0 525W +07W
8,09 53,9 54,5 55,3 541 53,9 543 W +07W
8,37 557 56,2 57,2 56,0 558 56,2 W +07W
8,65 57,5 58,0 59,1 58,0 57,7 58,1W +08W
9,70 64,5 64,8 66,5 654 65,1 653 W +10W
10,70 713 71,4 738 727 724 723W +12W
1,70 78,2 78,0 811 80,2 80,0 795W +16W
12,70 853 848 887 88,0 878 86,9W +20W
13,70 925 91,6 96,4 96,0 9538 94 4 W ‘ +24W

Figure 18 Collected results of converter No. 04B — Schneider 3.0 kW

The losses at 8.65 A, the defined “nominal” output current corresponding to a standard 3.0 kW 4-pole
motor, shows very good agreement.

The statistics at this load point are as follows:

Mean value: 58.1 W with a standard deviation of 0.56 W

The averaged efficiency of the converter at this operating point was measured to 97.5%.

For reference it should be noted that the testing standard for converters IEC 61800-9-2, edition 1 have
a suggested reference IE1 loss for a 4.44 kVA unit (3.0 kW informative) of 299 W.

This would lead to a relative value of 58.1/299 = 0.19.

In the specific case with this converter, the reference becomes lower.
The calculated rated apparent power of this converter is: Sr = V3:Ur:Ir = 1.73:208-8.65 = 3.12 kVA.

The reference losses would then amount to 237 W corresponding to a relative value of 0.25.
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3.3 Consolidated results for the 9 converters together
3.31 Tabled overview of tests with UTP in phase 1

When compiling all the test results above, the table in Figure 19 is generated. The table is sorted by
UTP defined output current which in most cases are much lower than the nominal output current on
the nameplate of the converters respectively.

UTP rated
Brand Sizzz RR'CNo. Supp. Current Loss Span Max Min Std. dev. % of mean
[kW] [A] w] W] w] w] W]
Parker 0,75 02B 1ph 3,40 30,3 +05 309 299 0,3 1,08%
ABB 1,10 01A 1ph 450 416 +08 424 40,8 0,5 1,23%
Schneider 2,20 04A 3ph 460 524 +32 556 492 1,9 3,56%
Schneider 2,20 02A 3ph 475 57,4 +16 589 55,6 1,2 2,04%
ABB 2,20 03C 3ph 4,90 63,1 +13 64,0 61,4 12 1,84%
Schneider 3,00 04B 3ph 8,65 58,1 +08 59,1 57,5 0,6 0,97%
Lenze 5,50 03A 3ph 12,00 1243 +07 1250 1237 0,5 0,39%
ABB 5,50 03B 3ph 12,00 126,2 +63 130,8 1183 43 3,39%
ABB 11,00 01B 3ph 21,40 2209 +10 2219 2199 09 0,39%
Figure 19 Overview of phase 1 test results

The results show very good repeatability in most cases. Only two examples show a standard deviation
that differs significantly from the others.

For the worst case, converter No. 04A - the standard deviation constitutes 3.56% of the mean value.
In this case the converter was measured several times as both 3.91 A & 5.1 A UTP nominal output
current and the statistical presentation above includes therefore both extrapolation as well as 50/60 Hz
frequency testing. Considering this, the result is acceptable. It is more than likely that if one agreed
output current had been present (as planned in forthcoming UTP version), the result would have been
with a much smaller standard deviation.

In the case of converter No. 03B there is, at this point, no plausible explanation for the deviation. The
converter has been tested five times with four different motors in three different labs. Four of the test
results agree smoothly and one of the tests shows significantly lower losses hence the high standard
deviation. Should this test be excluded in the statistics, the new calculated standard deviation based

on four labs instead would be 1.68 W (1.35%). There is, however, no plausible reason for this at this

point in time. The UTP phase 2 shall include further testing of this device to enlighten the issues with
this device.

In conclusion the repeatability and reproducibility of the 58 tests performed in four laboratories using
24 different motors in efficiency classes of IE1, IE2 and IE3 from 13 different manufacturers are re-
markable. Even across 50 & 60 Hz supply worlds the results agree impressively.
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3.3.2 Relation to current values of nominal losses in IEC 61800-9-2, edition 1

When comparing the losses of the measured converters to the reference losses in the current IEC
61800-9-2, edition 1 standard, a clear tendency emerges. All of the tested converters were measured
at losses less than one third of the reference losses.

The first table below, Figure 20, shows the calculated UTP kVA values using the UTP defined output
currents, which is used to find the related kW losses for an IE1 reference.

The relation in the last column express the IE level (IE1 > 0.75; IE2 < 0.75).

In this case it is calculated in absolute W values:

UTP rated UTP calc. IEC calc. IEC 61800-9-2, ed.1
Brand Size RR'C No. Supp. Current Loss Supp.U Supp.| Apparent power Calc. ref. Relation
[kw] [A] w] v [A] [KVA] [KVA] wi]
Parker 0,75 02B 1ph 3,40 30,3 230 4,00 1,354 1,593 163 0,19
ABB 1.1 01A  1ph 4,50 416 230 6,70 1,793 2,669 188 022
Schneider 22 04A 3ph 4,60 524 460 5,10 3,665 4,063 299 0,18
Schneider 222 02A 3 ph 475 574 400 5.80 3,291 4,018 237 0.24
ABB 22 03C 3 ph 4,90 63,1 400 5,30 3,395 3,672 299 0,21
Schneider 3,0 048 3ph 8.65 58,1 208 13,70 3,116 4936 237 025
Lenze 5.5 03A 3 ph 12,00 1243 400 13,00 8,314 9,007 581 0,21
ABB 5,5 03B 3 ph 12,00 126,2 400 12,00 8,314 8,314 581 0,22
ABB 11,0 01B 3ph 21,40 2209 400 2310 14826 16,004 1010 022
Figure 20 Comparing measured losses to reference W vs. W

Following the methodology of the IEC 61800-9-2, edition 1 this evaluation is to be performed in rela-
tive loss values. When applying this to Figure 20 above the result in Figure 21 becomes equally clear
although a fraction higher in absolute values:

UTP rated UTP calc. UTP IEC
Brand Size RR'CNo. Supp. Current Loss Supp.U Supp.l App.P. % % Relation
[kw] [A] wi V] [A] [kVA]
Parker 0,75 028 1ph 3,40 30,3 230 4,00 1,354 2,24% 9,51% 0,24
ABB 1,1 01A 1ph 4,50 416 230 6,70 1,793 2,32% 8,21% 0,28
Schneider 22 04A 3ph 4,60 52,4 460 5,10 3,665 1,43% 6,72% 0,21
Schneider 22 02A 3ph 475 57,4 400 5,80 3,291 1,74% 7,20% 0,24
ABB 22 03C  3ph 4,90 63,1 400 5,30 3,395 1,86% 6,72% 0,28
Schneider 3,0 04B 3ph 8,65 58,1 208 13,70 3,116 1,86% 7,20% 0,26
Lenze 55 03A 3ph 12,00 1243 400 13,00 8,314 1,50% 5,84% 0,26
ABB 55 03B 3ph 12,00 126,2 400 12,00 8,314 1,52% 5,84% 0,26
ABB 11,0 01B 3ph 21,40 220,9 400 2310 14,826 1,49% 5,18% 0,29
Figure 21 Comparing measured losses to reference percentages

For phase 2 of the UTP study it is planned to include converters with all available accessories, filters,
Four-quadrant power converter (4Q), etc. to evaluate the influence of these factors on the losses. One
potential idea could be to include a compensation factor when evaluating the energy efficiency class.
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34 Recommendation for future tests

Based on the findings described earlier in this chapter a few details have been narrowed in for the up-
coming RR'C phase 2 of the UTP project.

3.41 A reference output current table

It has been shown that for the best comparability a well-defined output current table is needed for the
specific converter sizes. This table needs to be differentiated in terms of input voltage.

For UTP phase 2, it is suggested to use table A1 in IEC 61800-9-2, edition 1, as inspiration for a new
“nominal” output current of a given converter as it has a column of informative kW. If this is combined
with the “Examples for CDM output current” equation in table 18, a relatively uniform output current
can be defined for any converter.

Pm S, equ
kW KVA
infor-
mative
0,12 0,278
0,18 0,381
0,25 0.5
0.37 0.697 Examples for CDM output current at typical line
0.55 0077 voltages
0,75 1.29 I ot = Sr.equ
1,1 1,71 ' E'Utr.ow
1.5 2,29
22 33 Partial table 18 - IEC 61800-9-2
3 4,44
4 5.85
5.5 7.94
7.5 9,95
1 14,4
15 19,5
185 239

Partial table A1 - IEC 61800-9-2

Figure 22 Table extracts from IEC 61800-9-2, edition 1

Had this idea been used in phase 1, the nominal currents would look like Figure 23 below giving a fine
match to the selected. The method could even be refined to round up to nearest 0.5 A:

UTP rated IEC 61800-9-2, ed.1 Calculated
Brand Size RR'CNo. Supp. Current Loss Supp.U  Supp.| Table A1 A Rounded
kW] [A] W v [A] [kVA] [A] [A]
Parker 0,75 028 1ph 3,40 30,3 230 4,00 1,29 3,24 35
ABB 11 01A 1ph 4,50 416 230 6,70 1,71 429 45
Schneider 22 04A 3ph 4,60 52,4 460 5,10 3,30 414 45
Schneider 22 02A  3ph 475 57,4 400 5,80 3,30 476 50
ABB 22 03C  3ph 4,90 63,1 400 5,30 3,30 476 50
Schneider 3,0 048 3ph 8,65 58,1 208 1370 4,44 12,32 12,5
Lenze 55 03A 3ph 12,00 1243 400 13,00 7,94 11,46 12,0
ABB 55 03B 3ph 12,00 126,2 400 12,00 7,94 11,46 12,0
ABB 11,0 01B 3ph 21,40 2209 400 2310 14,40 20,78 21,0
Figure 23 Phase 1 converters calculated output current
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3.4.2 Use only IE2 or IE3 motors

In phase 1 of the UTP it has been shown that the energy class of the load motor used is of less im-
portance for the measured power loss result.

It is however recommended to use at least IE2 motors as these are the minimum performance stand-
ard requirement in many parts of the world and are likely to be present in many laboratories.

It has also been shown that for repeatability only 4-pole motors shall be used as load and that these
motors must match the converter evaluated in nominal kW.

The UTP phase 1 participants were aware, that converters are sized in kVA and output A, but it has
been shown during phase 1 that almost all converters also have a kW rating for the motor intended.

Should everything else fail the reference in Figure 22 above can be used to calculate a nominal motor
size.

343 Stay with 13-point UTP measurement in phase 2

Phase 1 of the UTP has shown that the potential operating points 13, 14, 15 & 16 were not needed to
make a proper evaluation and creation of the quadratic equation.

Furthermore, it has been shown that especially on the smaller motors it is very hard to achieve these
relatively small currents and that magnetizing current takes control consequently making it very diffi-
cult to measure in a stable condition.

The final discussion on how many and which operating points will eventually be included in the stand-
ard will be held later.
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4. Proposed testing method
41 2019 UTP measurement method

Choice of loading motor: The RR'C phase 1 specified that the loading motor for a given converter
should be a 4-pole IE2 machine with a rated output mechanical power matching that of the converter's
rated output power. It was found, however, that both IE2 and IE3 efficiency rated motors produced
closely comparable measured converter loss and efficiency figures.

Per unit (100%) rated converter current, for the purpose of the measurements made in this study, will
be defined as the average rated full load current drawn by (4-pole) motors of the above type. Any fu-
ture standard based on this study would include a table of such current values. Converter losses for
the slightly higher currents drawn by motors with higher or lower pole numbers would be determined
by extrapolation.

Converters in the RR'C phase 1 were exclusively of the ‘DC link’ type, as these are the most common
in the market place. Attention is drawn, however, to converters with other topologies, such as the ma-
trix type, in which the output is generated (in 3-phase systems) by a matrix of nine bilateral solid-state
switches, connected directly to the in-coming supply and converter output terminals. Such converters
have advantages over the DC link type, including lack of need for DC link capacitors, fewer semi-con-
ductor junctions in the main current paths and intrinsically bilateral (regenerative) power flow capabil-
ity. Converters of this and any other types will be included in RR'C phase 2 study.

Converters for the forthcoming study should have output ratings which range as widely as possible, as
the RR'C phase 1 provided comparison figures for converters with ratings limited to the range 0.75 to
5.5 kW. For the RR'C phase 2 to be effective, it is suggested that the converter ratings range up to at
least 110 kW, and beyond, if possible.

Concern was expressed at the RR'C Workshop on 13 November 2019 at the Motor Summit 2018 in
Zurich that by including measurements of ‘standby power’ in assessing a given converter, equipment
with greater internal computational and communications capacity would be penalized. This is not the
intention, however, and higher standby power consumptions should be accommodated by regulatory
standards by assigning increased standby power limits for more sophisticated converter equipment
(e.g. those incorporating PLC and related capabilities). It will thus be important to include converters
with such advanced capabilities in the RR'C phase 2.

The RR'C phase 1 was limited to air-cooled converters. The inclusion of water-cooled converters in
phase 2 will enhance the value of the project. In such cases, it is suggested that for water-cooled con-
verter loss measurements, cooling water be provided at the maximum temperature and minimum flow
rate of the coolant as specified by the manufacturer.

Because converter efficiency is generally quite high, efficiency measurements using input-output
methods require very high-quality instrumentation, primarily in the form of a multi-input electrical
‘power analyzer'. The ‘state-of-the art’ for such equipment is a nominal (power measurement) accu-
racy of around 0.02%, and such instruments should be used for the RR'C phase 2.

Figure 4, shows the 17 operating points used for RR'C phase 1. It was found, however, that in many
cases the 25% motor load current was unachievable, as motor no-load current in many instances ex-
ceeded that value. In any case, converter losses at such low load currents are much less important
than those at higher fractions of rated motor current. For that reason, it is suggested that the converter
operating conditions at which losses are measured be limited to points no.1 to no.12, (as in Figure 4)
and then no.17, i.e., omitting those at 25% load current, namely points no.13 to no.16. Note that for
small motors, no-load current may exceed 50%, in which case, converter losses would be measured
at that current. Omission of points no.13 to no.16, as above, significantly shortens the time required to
make the necessary measurements.
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A note on operating point no.1 (as in Figure 4):

In instances where the supply voltage to a converter (e.g. 400 V) is equal to the motor rated voltage,
the top (100% frequency), as is often the case in practice, a converter is unable to provide the re-
quired motor voltage at the 100% frequency, 100% load point because of unavoidable voltage drop
within the converter. In this case, the PWM process within the converter raises the (rms) value of out-
put voltage by omission of output voltage pulses, a process described in IEC 61800-9-2, edition 1, as
‘over-modulation’. The effect of this is to both lower the peak flux levels in the driven motor, and to in-
troduce low order harmonics into the motor supply voltage. The reduction of effective motor supply
voltage requires that the motor draw higher current at full load, and increased motor losses are the re-
sult. The converter, on the other hand, experiences decreased losses, as the losses in the (d.c.-link
type) converter output stage drop on account of the reduced number of switching transitions. The re-
sult is that the converter loss curve for 100% output (fundamental) frequency departs from its essen-
tially quadratic shape, and is bent downwards at the top end.

It appears that the reason IEC 61800-9-2, edition 1, does not require performance figures at 100% of
rated (motor) frequency to be determined appears to relate to the likelihood of PWM ‘over-modulation
when rated voltage is required at the motor terminals. This ‘over-modulation’ in no way prevents the
converter delivering rated (fundamental) frequency to the motor, however, and a motor must be able
to run satisfactorily at its rated frequency.

’

Any reduction in PWM losses at the 100% load, 100% frequency point, will tend to be accompanied by
a small increase in motor losses, and these two phenomena will tend to compensate for each other in
a practical converter-motor combination (resulting in a decrease in converter losses because there are
fewer switching transitions. On the other hand, the driven motor is likely to suffer a small increase in
(iron) losses because of the increased (low order) harmonic content of its supply voltage. These two
phenomena tend to compensate for each other in a practical power drive system (PDS).

The UTP V2 in separate attachment to this paper provides specific details for the RR'C phase 2, in-
cluding choice of instrumentation, choice of operating points and measurement sequence, and tabula-
tion of measured results.

4.2 Presentation format with second order polynomial

When applying the UTP methodology and the automatized spreadsheet following the protocol (Figure
25), the result presents itself as a second order polynomial, i.e. an essentially quadratic relationship
between converter losses and the current delivered to a motor. This exercise has been predicated on
the idea that converters are simply power supplies, with electrical inputs and outputs, but producing
neither torque nor speed directly.

Converter losses are produced in

4.2.1: output-end semiconductors as result of voltage drop, with current distribution between active
and passive elements dependent on the output power factor.

4.2.2: output-end semiconductors due to switching

4.2.3: mains-end diode rectifiers, with magnitude dependent on the active power delivered to the (mo-
tor) load

4.2.4: wiring, busbars and capacitor voltage-sharing and discharge resistors (for example)
4.2.5: cooling systems, including fans, (for example)

4.2.6: control and communication electronics — ‘standby losses’
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The above suggests that it should be possible to characterize converter losses by means of a simple
quadratic relationship between total losses and output current, for a given fundamental converter out-
put frequency. Small differences will inevitably exist between such curves for different fundamental
output frequencies, since as motor speed drops, so too does the power which is delivered, via the
mains-end rectifier system, resulting in reduced losses in the latter.

Figure 24, below, shows the relationship between losses and converter load:

Origin of loss Dependency

Control electronics, d.c. link capacitor discharge | Load independent
and voltage sharing resistors

Permanently energised, fixed speed cooling fans | Load independent

Thermostatically controlled cooling fans Load dependent

I°R losses due to load current in all ‘ohmic’ con- | Load dependent, and proportional to current
ductors, including busbars, wiring, inductor wind- | squared
ings etc.

Losses due to semiconductor junctions exhibit- Load dependent, proportional to current

ing ‘threshold’ voltages (approximately)

Switching losses in output stage semiconductors | Essentially proportional to load current

Figure 24 Converter power loss components

There are thus three types of loss dependency, namely loss which is load independent, loss which is
proportional to load current, and loss which is proportional to load current squared.

It is therefore possible to characterise total converter losses by means of a quadratic equation in load
current, with the constant term representing standby losses:

P=AIZ+Bl+C
where P is the total converter power loss in W
| is the output current in A and
C is the standby power in W
4.3 UTP relation to IEC 61800-9, edition 1 operating points

When applying the UTP methodology and the automatized spreadsheet following the protocol, the re-
sult presents itself as a second order polynomial. A squared relation between output current and
losses.
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Figure 25 Squared relation between output current and losses

The specific example illustrated above comes from a small 50 Hz, 230 V, 1 phase supplied converter,
1.1 kW which have a nameplate maximum current of 6.7 A. After applying the UTP methodology to
this converter it is simple to “convert” any output current into (averaged) losses.

It this therefore possible to relate the UTP result to the existing IEC 61800-9-2, edition 1 standard and
the suggested 8 operating points from that. The operating point (1) is used for energy classification of
the converter.

CDM relative A
Torque producing P L cOM (e0; 100)

current/ % P L cDM(0:100 P L, com (50; 100
10p @i g LomMED 4

(3) (2) (1)
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50-9 5 o

(6) ; (5) ; (4)

05 L, CDM (0; 25) ® L, CDM (50, 25)

(8) (7) CDM relative

P Motorstator

50 90 100 frequency/ %

Figure 26 8 standardized CDM operating points from IEC 61800-9-2, edition 1
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The IEC 61800-9-2, edition 1 standard introduced a concept called "torque producing current” which
dictates a certain power factor at a certain current level to ensure the work performed is sufficient and
comparable. From table 1 & 2 in IEC 61800-9-2, edition 1 the specific requirements to the example at
hand can be deducted:

IEC 61800-9-2
criteria
Freq: Current out: Pfing. OUL:
(1) - (90;100): 45 6,70 0,79
(2) - (50;100): 25 6,70 0,79
(3) - ("0";100): 0 6,70 0,79
(4) - (90;50): 45 4,76 0,60
(5) - (50;50): 25 4,76 0,60
(6) - ("0";50): 0 4,76 0,60
(7) - (50;25): 25 3,89 0,38
(8) - ("0";25): 0 3,89 0,38

Figure 27 Criteria deducted from IEC 61800-9-2, edition 1
From the UTP squared relation methodology the absolute values of current can be calculated to
losses as follows:

6.70 A =65.7W
476 A =440W
3.89A =35.7W

Giving a suggested result to the 8 points:

IEC 61800-9-2
criteria UTP
Freq: Current out: Pfing. OUt: Losses

(1) - (90;100): 45 6,70 0,79 65,7
(2) - (50;100): 25 6,70 0,79 65,7
(3) - ("0";100): 0 6,70 0,79 65,7
(4) - (90;50): 45 4,76 0,60 44,0
(5) - (50;50): 25 4,76 0,60 44,0
(6) - ("0";50): 0 4,76 0,60 44,0
(7) - (50;25): 25 3,89 0,38 35,7
(8) - ("0";25): 0 3,89 0,38 35,7

Figure 28 Criteria deducted from IEC 61800-9-2, edition 1 incl. calculated UTP losses

If compared directly to the 8 IEC 61800-9-2, edition 1 points this would correspond to an averaging of
the losses in point (2), (5) & (7):
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Figure 29 Three averaged CDM operating points from IEC 61800-9-2, edition 1
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5. Next steps for RR'C phase 2
5.1 Goal

The main goals of an international Round Robin test for converters (RR'C) Phase 2 are:

o The test method described in IEC 61800-9-2:2017 (edition 1) for converters (and in IEC TS
60034-2-3:2013* for motors driven by converters) have not been used for sufficient time to know
their accuracy and repeatability. » Clarify and verify test method.

o The test laboratories around the world using this test method are not yet familiar with it.
» Check laboratory performance

) The performance of the converters and their losses need to be verified vs. the catalogue data.
» Provide scientifically based and documented evidence.

o Different products from different manufacturers need to be tested as to defining the reference
and IE1/IE2 or eventual higher levels. » Clarify spread of product performance by different man-
ufacturers.

The results of the Round Robin test will build the key evidence for the revision of IEC 61800-9-2 > ed.
2, especially the design of an updated and solid testing procedure which in the current version is often
referred to as being vague and ambiguous, and also the provision of sufficient solid and impartial
measured background data for a potential correction of the current level of the reference values for
losses inside converters.

511 Preparation

The RR'C workshop on 13 November 2018 at the Motor Summit in Zurich has served as a first oppor-
tunity for an interim report on the results of the RR'C Phase 1 and the clarification of the plan for
Phase 2. Also, the IEC SC 22G WG18 meeting on 18-22 February 2019 in Australia will serve both for
the final reporting of the results of the RR'C Phase 1 and the launch of RR'C Phase 2. The timeline of
Phase 2 has already been synchronized with the preparation of IEC 61800-9-2, edition 2.

The preparation phase for RR’C Phase 2 includes the following tasks:

o Product definition and selection to include a representative sample of typical converter types,
sizes, frequencies and phases, etc. The goal is to select a sufficient number of products in the
entire range of 0.12 kW up to 1000 kW to get the necessary information on reviewing the refer-
ence losses and the IE-classes.

) Workshop regarding organizational issues as well as testing procedures (UTP)

o Discussion with IEC WG18 to include the results in IEC 61800-9-2, edition 2 (next WG18 meet-
ing in February 2019 in Australia).

51.2 Phase 2

Phase 2 includes the following tasks:

o Full converter testing campaign in about 6 - 7 testing labs with some 60 products based on the
UTP, edition 2.

o Analysis and report of the results.

o Publication of results.

4 |EC 60034--2-3:2013: Rotating electrical machines - Part 2-3: Specific test methods for determining
losses and efficiency of converter-fed AC induction motors
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The bulk of the testing work in Phase 2 will be between spring of 2019 and summer of 2020. After that,
the evaluation and reporting in the fall of 2020 will take the rest of the program's time. For budgetary
reasons the testing might be continued in 2021.

51.3 Timeline
1 March 2019 - 31 October 2020 (full testing phase)

o Phase 2: start March 2019
o Phase 2: final report to EMSA/WG18 October 2020

5.2 Choice of products for tests (2-poleages)
The product selection will be decided by the following criteria:

e Converter type: hardware and software

e Grid feeding phases, frequency

e Converter power range, general purpose products
e Number of relevant manufacturers

e Number of products per size.

Phase 2 includes a total of circa 60 converters in the power range of from 0.12 - 1000 kW from 5 to 8
manufacturers to form a representative sample of converters actually used in the global market for
motor driven units.

Conwerter tests | Output |Number of
power products
range |under test

DI ET B3l Products size | kKW | kW
1[small 0.12 5 18
2|medium 111 30 21
3|large 371 110 15
4|very large 200| 1000 6
Total (average) 60
Figure 30 Proposed selection of converters for tests, by size (preliminary)

The total number of products to be tested is dependent on the availability of the products, the capabil-
ity of the test laboratories, the cost and available resources to cover the cost. The four classes of con-
verter sizes are chosen to reflect the power and the market share of the respective groups.

The estimate is for about 60 converters between 0.12 and 1000 kW to be tested and evaluated in
about 6 to 8 countries and their respective independent laboratories plus some industry laboratories.
The converter sizes will be distributed between the labs according to their available capacity and test-
ing equipment (see Figure 31).
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Available converter testing capacit
RR'C Phase 2 Round Robin (small and intermediate hines) Stationary tests (large machines) All
1 2 3 4 5 6 7 8 9 10
Advanced Hydro
Energy, Québec,
USA CA
. Sandie B. Andrea Emmanuel Pierre Aexander Norbert Henri Jiangan Total
CHA Qing Nielsen Vezzini Agamloh Angers lkuya Sato Stahl Hanigovszki [ Kinnunen }-?u ° (Labs)
0.12 to <0.18 3
0.18 to <0.25
0.25 to <0.37
0.37 to <0.56
0.56 to <0.75
0.75to <1.1
1.1to<1.5
1.5 to <2.2
2.2t0<3.7
3.7to<5.5
5.5to <7.5
7.5 to <11
11 to <15
15 to <18.5
18.5 to <22
22 to <30
30 to <37
37 to <45
45 to <56
56 to <75
75 to <90
90 to <110
110 to <150
150 to <185
185 to <220
220 to <250
250 to <375
375 to 1000
Number of
products

Fuji Electric, KIT, Danfoss, ABB, Rockwell,

Output power| TRIED, DTI, BFH,
P GE DK FI USA

(KW) CN DK CH

o o g~ w

pending

N I S I NI NS IS RENRENEEN

Figure 31 Testing capacity: Converter size (results from questionnaire, September 2018)

In order to satisfy the rules of a Round Robin (and to save money and time) the current plan is not to
have all products go through tests in all the 7 labs. All products between 0.12 kW and 110 kW (around
50) are to be tested normally by three labs. A total of circa 160 tests are anticipated (circa 15 - 25 tests
per lab).

Very large
size n

200-1000 kW

Small size Mid size Large size Very large
37 - 110 kW size
(18 VFD) (21 VFD) (15 VFD) 200-1000 kW
Very large
size
200-1000 kW
(6 VFD)

Figure 32 Four subgroups of laboratories for the Round Robin

In order to have the necessary testing capacity which only few manufacturers have (and to also save
time and money) the test of these bigger machines is not following the formal Round Robin rules, but
they will be tested only stationary at the manufacturer's testing lab.
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Currently, for the testing of larger machines between 200 - 1000 kW (maybe a total of 6 to 8), the in-
volvement of Danfoss and Rockwell is confirmed, the discussion is ongoing with ABB. The RR'C pro-
ject management will send one of the independent laboratory testing engineers as auditor to monitor
these tests and to make sure that they are executed according to the Uniform Testing Protocol of the
RR'C.

Separately, a batch of promised additional industry test results following the UTP will be used to gain
statistical evidence.

5.3 Organization
5.3.1 Experience from RR'C phase 1

The organization of RR'C in Phase 2-profits from the near completion of Phase 1 where a vast body of
evidence was gathered by 4 international testing laboratories (Advanced Energy/USA, CalTest/Aus-
tralia, DTI/Denmark and BFH/Switzerland). We thank the four involved laboratories for their work and
the governments of USA, Australia, Denmark and Switzerland for providing the necessary funding.

5.3.2 RR'C leading team

The RR'C Task Force and its leadership from 4E EMSA, IEC SC 22G WG18 and industry has been
selected and mandated at the EEMODS'17 meeting in Rome on 6 September 2017. The cooperation
between IEC WG18 and 4E EMSA has been clarified at the IEC WG18 meeting on 26-28 February
2018 in Tampa FL USA.

Project manager RR'C phase 2 (PM):

o Sandie B. Nielsen/DK (Task Force leader)
o Andrea Vezzini/CH (Task Force leader)

Advisory group (technical support for the PM):

o Emmanuel Agamloh/Advanced Energy, USA

o Pierre Angers/Hydro Quebec, CA

o Andrew Baghurst/CalTest, AU

o Martin Doppelbauer/KIT, Karlsruhe/GE

o Chai Qing/China National Center for Quality Supervision and Test of Electrical Control and Dis-
tribution Equipment/Tianjin, CN

o Kurt Stockman/University of Gent, BE

Steering committee (strategic support and financial resources):

o Maarten van Werkhoven/NL (4E EMSA)
o Roland Briiniger/Swiss government CH
) Jesper Ditlefsen, Danish Energy Agency DK

Industry contact group:

o ABB (Freddy Gyllensten, Henri Kinnunen, Sweden & Finland)
o Danfoss (Norbert Hanigovszki, Denmark)

o Fuji Electric (lkuya Sato, Japan)

o Rockwell (Jiangang Hu, USA)

o SEW Eurodrive (Tim Schumann, US)

o Siemens (Bill Finley, USA)
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5.3.3 Test laboratories in phase 2

A group of independent test laboratories, qualified for converter tests, has been selected to be invited
to participate in Phase 2. As a result of a questionnaire, sent to all labs in August 2018, we have posi-
tive responses by 18 September 2018 for the participation in the Round Robin Phase 2 from the fol-
lowing 7 laboratories (details see Annex 1):

o Canada Hydro Quebec, Laboratoire des Technologies de I'Energie, Shawinigan, Québec

o China China National Center for Quality Supervision and Test of Electrical Control and
Distribution Equipment, Tianjin City

) Denmark  Danish Technological Institute (DTI), Aarhus

o Germany  Karlsruhe Institute for Technology (KIT), Elektrotechnisches Institut, Karlsruhe

o Japan Fuji Electric Co., Ltd., Suzuka-shi, Mie

o Switzerland Bern University of Applied Sciences (BFH), Biel

o USA Advanced Energy, Raleigh NC.

Pending decision to participate before financing is clarified:

. Australia CalTest, Port Elliot SA 5212

We have also invited three industry laboratories that are capable to test their own large size convert-
ers on the factory site (200 - 1000 kW) according to the UTP. So far, we have positive responses to
participate in stationary tests with an expert of the Task Force attending from:

. Denmark: Danfoss Drives, Graasten
) USA Rockwell, Mequon, Wisconsin, USA

Currently pending are the responses and the details of the cooperation from ABB to participate in the
stationary tests for large converters.

5.34 Management and collaboration tool
Phase 2 will be coordinated with the help of Trello.

Trello is an online collaboration tool that organizes your projects into boards. In one glance, Trello tells
you what's being worked on, who's working on what, and where something is in a process.

Trello can be compared with a white board, filled with lists of sticky notes, with each note representing
one of the devices under test. Each of those sticky notes (DUTs) has photos, attachments from other
data sources, documents, and a place to comment and collaborate with other team members.

The lists are representing the current position of the DUTs. This can be either in a laboratory or in
transit.
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RR'CPhase2 v RRC Free

Organization

How to use this Kanban Board

Setup Converter Tests

Partners

Project Plan

Uniform Testing Protocol (UTP)

Forum

Figure 33

a rurreamscnvar  (ENOOOE =

01 - CalTest (AUS)

Contact Adress (Andrew Baghurst)

Shipping Adress

02 - Danish Technological
Institute (DNK)

=
Contact Adress (Sandie B. Nielsen)

Shipping Address - CMD's up to 12A

Shipping Address - CMD's up to 150A

currently at Berner Fachhochschule.

03 - Berner Fachhochschule
(CHE)

=1
Contact Adress (Andrea Vezzini)

Shipping Adress

Part of the Trello whiteboard, showing, that the inverters Nr. 03A and 03B are

Details about the contact Person and the shipping address are also attached to the same list. Once
the tests at Bern University of Applied Sciences have been finished, the inverters are shipped to the
next lab and the sticky note is moved to the new list called “99 — Inverter in transit”.

09 - Danfoss Drives (DNK)

Contact Adress (Norbert Hanigovszki)

Shipping Adress

Figure 34

10 - Rockwell Drives (USA)

Contact Adress (Jiangang Hu)

Shipping Adress

11 - ABB (FIN)

%))
=

Contact Adress ()

ipping Adress

allows to track the status of the shipping

99 - Inverter in Transit

03A - Lenze IS5AE255F10V10000¢

N)

Special list where all the DUTs currently shipping (in transit) are placed). This

Additionally, the shipping documents as well as the expedition confirmation are attached to the note as
seen on the next picture. This allows the receiving laboratory to check how long the shipment will take
and prepare the reception of the DUTs
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£ 03B - ABB ACS380-0425-12A6-4 (5.5kW) X 3 Andrea Vezzini hat Expedition Confirmation pdf zu dieser Karte
in Liste Transt ® 12. Nov. 2018 um 08:13 Unr hinzugefugt
LABELS ZU KARTE HINZUFUGEN
i 3 Andrea Vezzini hat Proforma Invoice pdf zu dieser Karte
* = LTz 12 Nov. 2018 um 08:13 Unr hinzugefugt
_ ’ © Label:
= Beschreibung Bearbeiien S
©) Andrea Vezzini ist dieser Karte beigetreten
CONVERTER INFORMATION (abridged) & Checkliste 3 e el B g
Manufacturer : ABB @ Nov s imes
Model : ACS380-0425-12A6-4 © Frist
Power PN : 5.5 kW 3 Andrea Vezzini 12. Nov. 2018 um 03:03 Un
TR IEE A SR EDY, BT O GO @sandiebnielsen Shipped to 02 Advanced Energy- follow it through
MRIGITETI - (DZER http://www.dhl.ch/fr/dhl expedition.htmI?
Iy il - SUED 2 POWER-UPS AWB=99397109708brand=DHL
Output vottage : 0...U1 V, 3 phase
TR S I R @ - Bearbeiten - Link als Anhang hinzufiigen
Output frequency f2 0-599 Hz
Serial number : M181300143 Mehr Power-Ups )
erhalten 3 Andrea Vezzini hat diese Karte von 04 - Advanced Energy (USA) in In Transit
verschoben
% Anhange 12. Nov. 2018 um 08:03 Uhr
AKTIONEN

Expedition Confirmation.pdf (7
Hinzugefigt: 12. Nov. 2018 um 08:13 Uhr - Kommentare -

Proforma Invoice.pdf (7
Hinzugefugt: 12. Nov. 2018 um 08:13 Uhr - Kommentare

PDF
Loschet
PDF
Loschen
Einen Anh: inzufigen.

© Kommentar hinzufiigen

a Schreiben Sie einen Kommentar

Figure 35

An introduction to Trello will be given during the workshop at the next WG18 meeting in February 2019

in Australia).

Andrea Vezzini hat diese Karte von Bemer Fachhochschule (CH) in
Advanced Energy (USA) verschoben
12. Nov. 2018 um 07:27 Uhr

- Verschieben

(&)

S Kopieren
© Beobachten Andrea Vezzini hat den Anhang ACS380-0425-12A6-4.pdf von dieser Karte
geloscht

8 Nov. 2018

[55]

& Archiv 1:42 Uhr
Andrea Vezzini hat den Anhang ACS355-01E-06A7-2.pdf von dieser Karte
geloscht

8. Nov. 2013 um 21:42 Uhr

< Teilen

[55]

) Andrea Vezzini hat ACS355-01E-06A7-2.pdf zu dieser Karte
1:19 Unr hinzugefagt

) Andrea Vezzini hat ACS380-0425-12A6-4.pdf zu dieser Karte
6. Nov. 2018 um 15:38 Unr_hinzugefuigt

In this example BFH has directly adressed DTI (by using the identifier
@sandiebnielsen) to give a link where the shipment can be tracked.
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6. Testing laboratories and converters tested

6.1 Testing Laboratories
6.1.1 Bern University of Applied Sciences, Switzerland

The laboratory for power electronics and electric machines at Bern University of Applied Sciences in
Biel/Bienne, Switzerland offers a wide range of testing facilities. The test benches are located in a
large open basement on campus. Temperatures range from a minimum of 21 °C during winter to a
maximum temperature of approximately 25 °C during summer. Currently, there is no possibility for cli-
mate control.

Ranging from 0-6 Nm and 2500 rpm for the smallest bench, up to 0-50 Nm and 9000 rpm for the larg-
est bench, motors and electric drive systems with a maximal mechanical power output of 11 kW and
50 Nm can currently be tested. During the course of 2019, an additional 50 kW test bench will be com-
pleted, allowing an even wider range of testing capabilities. This latest upgrade also includes a 60 kVA
Chroma grid simulator and a 60 kW Chroma battery simulator, allowing better control of testing envi-
ronment variables.

Figure 36 Available Test Benches at Bern University of Applied Sciences in Biel (smallest to
largest)

For testing VFDs, several IE3, four pole induction machines are readily available in the lab. The avail-
able machines offer mechanical power output of 0.75 kW, 1.1 kW, 1.75 kW, 2.2 kW, 5.5 kW (2 differ-
ent machines available for this size — IE1 and IE3) as well as 11 kW. Apart from the 1.75 kW and one
of the 5.5 kW machines, all motors are from the same supplier and the same product line.

Measurements are performed using two Hioki PW6001 in master-slave mode, offering a total of 8 high
resolution measurement channels. This allows full three-phase input-output measurement of grid con-
nected VFDs or similar applications. Current measurements up to 50 A are performed using high
bandwidth current shunt boxes (Hioki PW9001, 8 channels in total) whereas higher currents up to 200
A are measured using hall-type sensors (Hioki CT6863). Example: The following table shows the theo-
retical accuracy testing of an 11 kW VFD using the PW9001 50 A current shunt boxes:

Frequency DC 10 Hz 50/60 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz
Error 0.16 % 0.6 % 0.12 % 0.15 % 0.21 % 0.43 % 1.70 % 32.43 %
Figure 37 Table illustrating measurement accuracy of three phase measurement (11 kW
VFD test)

More detailed information regarding power analyzer accuracy and specifications is given in the Figure
38.
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Unit PW6001 PW9001 CT6863
S.N. Unit 1: 151026458 Unit 1:180430518 Unit 1: 150613622
Unit 2: 151028246 Unit 2: 180430517 Unit 2: 150900323
Unit 3: 150900324
Unit 4: 150900325
Specs Master-Slave (23us sync) +50A + 200 A
Quad Channel 3.5 MHz 500 kHz
18 Bit ADCs +0.04 % (@ 2 MHZ) + 0.05 % rdg. +£0.01 % fs.
U: +2 % rdg. + 0.02 % fs.
I: +2 % rdg. + 0.02 % fs.
Figure 38 Power analyzer accuracy and specifications
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6.1.2 Advanced Energy, USA

Advanced Energy motors testing is carried out in its motor test laboratory in Raleigh, North Carolina,
USA. The laboratory has maintained an ISO/IEC 17025 accreditation since 1997 through
NIST/NVLAP. The lab has also maintained a NOM designation through ANCE, the first laboratory out-
side Mexico to gain such designation. From 2010 to 2014 the laboratory participated in UL’s data ac-
ceptance program and has worked closely with UL to test motors intended for certification for UL cli-
ents. The laboratory has also in the past assisted CSA to certify motors for its clients, following a wit-
ness by CSA staff. The lab is currently the sole source in the US for testing converters to the AHRI
standard 1210.

Advanced Energy has a number of dynamometers ranging from below 0.75 kW up to 225 kW. The
225 kW Eddy current dynamometer is shown on the left and the mid-range dynamometer where the
round robin tests were conducted is shown on the right.

The laboratory is equipped with high precision instrumentation including a Yokogawa WT 3000 and
Lebow torque instruments and torque transducers of various sizes, matched to the motor size under
test. More information on the test lab and instrumentation can be found at:
www.advancedenergy.org/markets/motorsanddrives/.

Figure 39 Advanced Energy Test benches, left: 225 kW Eddy current dynamometer, right:
mid-range dynamometer where the round robin tests were conducted
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6.1.3 CalTest Laboratory, Australia

Main testing fields of the CalTest lab in St, Port Elliot, South Australia 5212 (www.caltestlab.com.au)
are rotating electrical machines, with dynamometers providing loading facilities for machines rated up
to 185 kW, and no-load tests and measurements on motors with output power ratings up to 1'500 kW,
and voltage ratings up to 11 kV.

CalTest is accredited by Australia’s laboratory accreditation organization, NATA, to the requirements
of ISO 17025: 2017; accreditation no. 15303

The equipment used for the RR'C phase 1:

. Power supply: Mecc Alte 220 kVA motor-driven 3-phase alternator, providing either 50 or 60 Hz,
depending on prime-mover speed and with voltage control by means of adjustment of alternator

excitation

. Power analyzer: Yokogawa WT3000 — Motor version - with 4 input modules: 2 modules for in-
put, and 2 for output, each connected ‘3P3W’

. Dynamometer: Purpose built for the project, consisting of two in-line connected induction ma-

chines, one of which loaded the converter. The system included an HBM model T12 ‘torque
flange’ torque meter, but that equipment was used for monitoring purposes only: no torque or
shaft speed readings were recorded.

. Motor loading: Mechanical loading of the converter-driven motor was by means of appropriately
rated ABB model ACS800 variable frequency drive units operating in torque control (‘DTC’)
mode, returning electrical power to the d.c. link of a similar type of VFD which supplied the (55
kW 4-poleole) motor driving the main power supply alternator, as above.

. Temperature measurement: T-type thermocouples connected to a Fluke model 54 Il digital ther-
mometer, uncontrolled laboratory ambient air temperature

Figure 40 General view of the measurement system at CalTest

Top left: the converter under test, with coiled shielded output cable to the right Bottom left; Instrumen-
tation — Yokogawa WT3000 power analyzer with flux voltmeter above Centre: (Blue) 1.1 kW 4-poleole
IE2 motor for loading the converter Right: (Green) dynamometer machine for loading the above motor
(Torque transducer not used).
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6.1.4 Danish Technological Institute — DTI Drives-Lab, Denmark

Danish Technological Institute is a leading research and technology Institute located in Denmark. DTI
employ 1041 specialists and help in excess of 10.000 customers a year — representing 65 different
countries. DTI are organizational divided into 8 divisions (Production, Materials, Life Science, Busi-
ness and Society, Energy and Climate, Agro technology, Building and Construction and Meat re-
search) — The motor test facilities are a part of Energy and Climate division.

DTI Electric motor test facilities, Drives-Lab, are as most of DTl labs, a part of the ISO/IEC 17025 ac-
creditation and have been so since 2011 annually assessed by Danish accreditation body: DANAK
which is a member of ILAC.

DTI Drives-Lab offers testing of both power electronics, electric machines, gear boxes etc. and are
equipped with a wide range of testing facilities. It is physically divided into two locations in eastern and
western part of Denmark which both offers climate control.

DTI Drives-Lab have been an important part of the European MEPS program on electric motors since
the launch in 2011 and have today more than 150 accredited compliancy tests on motors on record
performed on behalf of several European countries.

Smaller motor test facility (up to 5.5 kW) . Larger motor test facility (up to 75 kW)
Both foot and flange motors e Primarily foot motors

Figure 41 DTI Drives-Labs

DTI Drives-Lab is equipped with high precision instrumentation including Yokogawa WT3000E, ZES
Zimmer power analyzers, DANISENSE current transducers and a selection of Lorentz torque trans-
ducers of various sizes. All testing is fully automated and DAQ collected through self-developed Lab-
VIEW software.

For more information on DTI Drives-Lab please see:
https://www.dti.dk/testing/electric-motors-and-drives/38003
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6.2 Data of 9 Converters tested

6.2.1 No. 01A: ABB 1.1 kW

Manufacturer
Model

Input Section
Power PN

Input voltage U1
Input current 11
Input frequency f1
Output voltage
Output current 12
Output frequency f2
Serial number

Figure 42

ABB

ACS355

Diode bridge rectifier without filter
1.1 kW

200-240 V, 1 phase
16 A

48-63 Hz

0-U1V, 3 phases
6.7 A

0-599 Hz
41711F3363

No. 1A: external view and rating plate
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6.2.2 No. 01B: ABB 11 kW

Manufacturer
Model

Input Section:
Power PN

Input voltage U1
Input current 11
Input frequency 1
Output voltage
Output current 12
Output frequency 2
Serial number

ABB

ACS355

Diode bridge rectifier without filter
11 kW

380-480 V, 3 phases
309A

48-63 Hz

0-U1V, 3 phases
23.1A

0-600 Hz
41051D5043

Figure 43

No. 1B: external view and rating plate
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6.2.3 No. 02A: Schneider 2.2 kW, nominal output 5.8 Amps — 3 phases supply

The Schneider Altivar 61, 2.2 kW CDM with device No. 02A and serial number 8B 1151 112 029
was submitted “off the shelf’ to the UTP RR’'C Phase 1 by Danish Technological Institute.

. Manufacturer: Schneider Electric

. Model: Altivar 61 — ATV61HU22N4

. Input Section: Diode bridge rectifier without filter

. Nominal Power: 2.2 kW

. Input side: 3 phases, 50 Hz: 400 VAC / 8.2 A, 60 Hz: 460 VAC /8.2 A

. Output CDM nominal: 400 VAC /5.8 A
. Output UTP nominal: 400 VAC/4.75 A

|_;
! .

er I
Sshder

Altivar 61

8B 1151112029
| 2.2kW-3HP
| 380/480V~

Figure 44 No. 2A: Schneider Altivar 61 — 2.2 kW
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6.2.4 No. 02B: Parker 0.75 kW, nominal output 4.0 Amps — 1 phase supply

The Parker 650, 0.75 kW CDM with device No. 02B and serial number 365793300050010 1431
was submitted “off the shelf” to the UTP RR’C Phase 1 by Danish Technological Institute.

. Manufacturer: Parker

. Model: 650-21140010-0FOPRO-A1

. Input Section: Diode bridge rectifier without filter

. Nominal Power: 0.75 kW

. Input side: 1 phase, 50/60 Hz: 230 VAC /10.5 A

. Output CDM nominal: 230 VAC/4.0 A
. Output UTP nominal: 400 VAC /3.4 A

odel No: 050-21140010«0FOPRO-A
650/007/230/F/01/DISP/UK/0/0 —
roduct manual for imtl
Read D gy - Allow

Figure 45 No. 2B: Parker 650 — 0.75 kW
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6.2.5 No. 03A: Lenze 1550 5.5 kW

The Lenze 1550, 5.5 kW VFD with device No. 03A and serial number 1606488208508959000001 was
submitted to the UTP RR pilot round by the Bern University of Applied Sciences.

. Manufacturer: Lenze

. Model: 1550 (I55AE255F20V10000S)

. Input Section: Diode bridge rectifier without filter

. Power (Heavy Duty): 5.5 kW

. Input (Heavy Duty): 3/PE, 50Hz: 400VAC/17.2A, 60 Hz: 480 VAC/14.3 A

. Output (Heavy Duty): 0-400 VAC/13 A, 0-480 VAC/11 A, 0-599 Hz

. Power (Light Duty): 7.5 kKW

. Input (Light Duty): 3/PE, 50 Hz: 400 VAC/18.3 A, 60 Hz: 480 VAC/15.3 A
. Output (Light Duty): 0-400 VAC/15.6 A, 0-480 VAC/13.2 A, 0-599 Hz

Figure 46 No. 3A: Lenze 1550
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i500 ist die neue Inverterreihe im
Leistungsbereich von 0.25 — 132 kW.
Schlankes Design, skalierbare
Funktionalitat und auRRerordentlich
anwenderfreundlich — das sind die
Attribute, die sie auszeichnen.

Mit i500 steht ein qualitativ hochwerti-
ger Umrichter zur Verfligung, der bereits
heute die zukiinftig geltende Norm

nach der Wirkungsgradklassen (IE) der

EN 50598-2 erfiillt. In Summe steht somit
ein verldsslicher und zukunftssicherer
Antrieb flir umfangreiche Maschinen-

Highlights

« Platzsparendes Design von 60 mm
Breite und 130 mm Tiefe spart Raum
im Schaltschrank.

Innovative Interaktionsmoglichkeiten

ermdoglichen neue Bestzeiten bei der

Inbetriebnahme.

« Breit aufgestellt ermdglicht die modu-
lare Bauweise unterschiedliche Produkt-
konfigurationen, ganz so, wie es die
Maschine erfordert.

« 1500 empfiehlt sich fiir Anwendungen
im Bereich der Pumpen und Liifter, der

aufgaben zur Verfiigung. Forder-, Fahr-, Wickel-, Form-, Werkzeug-
und Hubantriebe.
Figure 47 No. 3A: Extract from specifications
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6.2.6 No. 03B: ABB ACS380 5.5 kW

The ABB ACS380 5.5 kW VFD with device No. 03C and serial number M181300140 was submitted to
the UTP RR pilot round by the Bern University of Applied Sciences.

. Manufacturer: ABB

. Model: ACS380 (ACS380-042S-12A6-4)

. Input Section: Diode bridge rectifier without filter

. Power (Heavy Duty): 5.5 kW

. Input (Heavy Duty): 3/PE, 50 Hz: 400VAC/15 A, 60 Hz: 480 VAC/12.2 A

. Output (Heavy Duty): 0-400 VAC/9.4 A, 0-480 VAC/7.6 A, 0-599 Hz

. Power (Light Duty): N.A.

. Input (Light Duty): 3/PE, 50 Hz: 400 VAC/19.2 A, 60 Hz: 480 VAC/17.6 A
. Output (Light Duty): 0-400 VAC/12 A, 0-480 VAC/11 A, 0-599 Hz

Figure 48 No. 3B: ABB ACS380 5.5 kW
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Mains connection

Functional safety

Veltage and
power range

Frequency

1-phase, 200 tc 240 V, +10%/-15%
0.25toc2.2kw
3-phase, 380 t0 480 V, +10%/-15%
0.25to 22 kw

50/60 HZ * 5%

Built-in safety features

Safe torque off (STO) acc. to
EN/IEC61800-5-2: IEC61508 ed2: SIL 3,
IEC 61511: SIL 3,IEC 62061: SILCL 3,
ENISO 13849-1:PLe

Environmental limits

Common DC connection

DC voltage level -1types 270to 325V £10%
-4 types 48510 620 V £10%
Charging circuit Internal charging circuit
Motor connection
Voltage oto U,, 3-phase
Frequency 0to 599 Hz
Motor control Scalar control
vector control

Switching frequency
Dynamic braking

1 to 12 kHz, default 4 kHz

Flux braking (moderate or full)
Resistor braking (opticnal)

Motor control performance

Speed control perfermance, cpen loop

Static accuracy
Dynamic accuracy

20% of motor rated slip
1%s with 100% torque step

Speed control perfermance, closed lcop

Static accuracy
Dynamic accuracy

Torque control performance

Torque step rise time
Non-linearity

0.1% of motoer rated speed
<1%s with 100% torque step

< 10 ms, rated torque step
+5% with rated torque

Braking power connection

Brake chopper
Brake resistor

Built-in brake chopper as standard

External resistor connected to drive

Ambient temperature

Transportation
and storage

Operation

Cooling methed
Altitude

Relative humidity
Degree of protection
Contaminaticn levels

Storage
Transportation

Operation

-401t0 +70 °C (-40 10 #158 °F)

-1010 +50°C (14 t0 122 °F),

with derating up to 60 °C (except RO,
which has max temperature of 50 °C)
Air-cooled, dry clean air

010 4000 m, (O to 13000 ft) for 400 V units
(see allowed power systems in HwW manual)
0 to 2000 m, { O to 6600 ft) for 200 V units
derating above 1000 m (3300 ft)

5 10 95%, no condensation allowed

IP20 as standard

No conductive dust allowed

IEC 60721-3-1, Class 1C2 (chemical gases)
Class 152 (solid particles)

IEC 60721-3-2, Class 2C2 (chemical gases)
Class 252 (solid particles)

IEC 60721-3-3, Class 3C2 (chemical gases)
Class 352 (solid particles)

product compliance

CE

Low Voltage Directive 2006/95/EC, EN 61800-5-1: 2007
Machinery Directive 2006/42/EC, EN 61800-5-2: 2007
EMC Directive 2004/108/EC, EN 61800-3: 2004 + Al: 2012

UL, cUL certification

TUV Certificaticon for functional safety
Quality assurance system ISO 9001
Environmental system ISO 14001

waste electrical and electronic equipment directive (WEEE) 2002/96/EC

ROHS directive 2011/65/EU
EAC

Figure 49
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6.2.7 No. 03C: ABB ACS380 2.2 kW

The ABB ACS380 2.2 kW VFD with device No. 03C and serial number M181300143 was submitted to
the UTP RR pilot round by the Bern University of Applied Sciences.

o Manufacturer: ABB

. Model: ACS380 (ACS380-042S-05A6-4+R701)

o Input Section: Diode bridge rectifier without filter

o Power (Heavy Duty): 2.2 kW

. Input (Heavy Duty): 3/PE, 50 Hz: 400 VAC/6.4 A, 60 Hz: 480 VAC/5.4 A
. Output (Heavy Duty): 0-400 VAC/4 A, 0-480 VAC/3.4 A, 0-599 Hz

o Power (Light Duty): N.A.

. Input (Light Duty): 3/PE, 50 Hz: 400 VAC/8.5 A, 60 Hz: 480 VAC/7.7 A
o Output (Light Duty): 0-400 VAC/5.3 A, 0-480 VAC/4.8 A, 0-599 Hz

A\ ID OB ACS380-0425-05A6-4+R701 [H [ @ :
¢ L
FRIPED U
o Input U1 3~ 400/480 YAC Input current Is scaled by c E &
Hiom H:I;i:nkl f1  50/60 Hz motor autput curre:tt Ut (With 5
Finlang Output U2 3~0..U1 Qutpud  Input 5% chake) S,
Iid 5.3/48 A 5.6 977 5648 e
S Ihd 4/3.4 A 5348 8577 5348 e
| 12 0..593 Hz 434 6454 434 |
R1 b4
Alr cooling =
[
B R

S/N: M181300140

HosT @
MODULE @
NETWORK @

1§ ) ACS380 ‘

Figure 50 No. 3C: ABB ACS380 2.2 kW
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Mains connection

Functional safety

Veltage and
power range

Frequency

1-phase, 200 tc 240 V, +10%/-15%

0.25to2.2kw

3-phase, 380 t0 480 V, +10%/-15%

0.25to22kw
50/60 HZ * 5%

Built-in safety features

Safe torque off (STO) acc. to
EN/IEC61800-5-2: IEC61508 ed2: SIL 3,
IEC 61511: SIL 3,IEC 62061: SILCL 3,
ENISO 13849-1:PLe

Environmental limits

Common DC connection

Switching frequency
Dynamic braking

DC voltage level -1types 270to 325V £10%
-4 types 48510 620 V £10%
Charging circuit Internal charging circuit
Motor connection
Voltage oto U,, 3-phase
Frequency 0to 599 Hz
Motor control Scalar control
vector control

1 to 12 kHz, default 4 kHz

Flux braking (moderate or full)

Resistor braking (opticnal)

Motor control performance

Speed control perfermance, cpen loop
Static accuracy

Dynamic accuracy

Speed control perfermance, closed lcop
Static accuracy

Dynamic accuracy

Torque control performance

Torque step rise time

Non-linearity

20% of motor rated slip
1%s with 100% torque step

0.1% of motoer rated speed

<1%s with 100% torque step

< 10 ms, rated torque step
+5% with rated torque

Braking power connection

Brake chopper
Brake resistor

Built-in brake chopper as standard

External resistor connected to drive

Ambient temperature

Transportation
and storage

Operation

Cooling methed
Altitude

Relative humidity
Degree of protection
Contaminaticn levels

Storage
Transportation

Operation

-401t0 +70 °C (-40 10 #158 °F)

-1010 +50°C (14 t0 122 °F),

with derating up to 60 °C (except RO,
which has max temperature of 50 °C)
Air-cooled, dry clean air

010 4000 m, (O to 13000 ft) for 400 V units
(see allowed power systems in HwW manual)
0 to 2000 m, { O to 6600 ft) for 200 V units
derating above 1000 m (3300 ft)

5 10 95%, no condensation allowed

IP20 as standard

No conductive dust allowed

IEC 60721-3-1, Class 1C2 (chemical gases)
Class 152 (solid particles)

IEC 60721-3-2, Class 2C2 (chemical gases)
Class 252 (solid particles)

IEC 60721-3-3, Class 3C2 (chemical gases)
Class 352 (solid particles)

product compliance

CE

Low Voltage Directive 2006/95/EC, EN 61800-5-1: 2007
Machinery Directive 2006/42/EC, EN 61800-5-2: 2007
EMC Directive 2004/108/EC, EN 61800-3: 2004 + Al: 2012

UL, cUL certification

TUV Certificaticon for functional safety
Quality assurance system ISO 9001
Environmental system ISO 14001

waste electrical and electronic equipment directive (WEEE) 2002/96/EC

ROHS directive 2011/65/EU
EAC

Figure 51
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6.2.8 No. 04A: Schneider Altivar 212 - ATV212HU22N4 2.2 kW

The 2.2 kW VFD with device No. 04A was submitted to the UTP RR pilot round testing by Advanced
Energy, having been donated to Advanced Energy by Schneider Electric.

Datasheets and operating manuals for converter 04A are readily available online from the manufactur-

er's website. Extracts from the datasheets are provided in Figure 50.

Input Section: Diode bridge rectifier without filter

wian

Range of product

Altivar 212

Product or component type

Variable speed drive

Device short name

ATV212

Product destination

Asynchronous motors

Product specific application

Pumps and fans in HVAC

Assembly style With heat sink

Network number of phases 3 phases

Motor power kW 22kW

Motor power hp 3 hp

[Us] rated supply voltage 380...480 V- 15...10 %

Supply voltage limits 323..528 v

Supply frequency 50...60 Hz- 5...5 %

Network frequency 47.5...63 Hz

EMC filter Class C2 EMC filter integrated

Line current 3.6A480V
46A380V

Complementary

Apparent power 3.9kVA 380 V

Prospective line Isc 5kA

Continuous output current 51A380V
5.1A460V

Maximum transient current 56A60s

Speed drive output frequency 0.5...200 Hz

Nominal switching frequency 12 kHz

Switching frequency

12...16 kHz with derating factor
6...16 kHz adjustable

Speed range

1..10

Jan 18, 2019

LifelsOn | Schneider

Figure 52
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6.2.9 No. 04B: Schneider Altivar 212 - ATV212HU30M3X 3 kW

The 3 kW VFD with device No. 04B was submitted to the UTP RR pilot round testing by Advanced En-

ergy, having been donated to Advanced Energy by Schneider Electric.

Datasheets and operating manuals for converter 04B are readily available online from the manufac-

turer's website. Extracts from the datasheets are provided in Figure 51.

Input Section: Diode bridge rectifier without filter

Main
Range of product Altivar 212
Product or component type Variable speed drive

Device short name

ATV212

Product destination

Asynchronous motors

Product specific application

Pumps and fans in HVAC

Assembly style With heat sink
Network number of phases 3 phases
Motor power kW 3 kW
Motor power hp 4 hp
[Us] rated supply voltage 200...240 V- 15...10 %
Supply voltage limits 170...264 V
Supply frequency 50...60 Hz-5..5%
Network frequency 47.5..63 Hz
EMC filter Without EMC filter
Line current 10A240V
11.9A 200V
Complementary
Apparent power 5.2kVA 240V
Prospective line Isc 5kA
Continuous output current 13.7A230V
Maximum transient current 15.1A60s
Speed drive output frequency 0.5...200 Hz
Nominal switching frequency 12 kHz
Switching frequency 12...16 kHz with derating factor
6...16 kHz adjustable
Speed range 1...10

Speed accuracy

+/- 10 % of nominal slip 0.2 Tnto Tn

Mar 09, 2017

LifelsOn ider

Figure 53 No. 4B: external feature
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