Client:

Order Number

Inspection Date:

Summary:

UPS Symmetra PX 48 KW

Report on the Efficiency Test

APC-MGE Critical Power & Cooling Services
APC Denmark ApS

B Silcon Allé

6000 Kolding

Denmark

1195480

14. Feb. / 3. March 2008

For the UPS Symmetra PX 48 kW efficiency test acc. to
the relevant standard

IEC 62040-3: Uninterruptible power systems (UPS) —
Part 3: Method of specifying the performance and test
requirements

has been conducted.

The requirements acc. to the standard are kept.

The measurements confirm that the efficiency is
- better than or equal to 90% when the load is
15% - 100% and
better than or equal to 95 % when the load is
35% - 100%
in normal mode of operation with nominal mains volt-
age and resistive load.
- better than or equal to 90% when the load is
15% - 100% and
better than or equal to 94% when the load is
35% - 100%
in stored energy mode of operation with +/-192V DC
input voltage and resistive load.

TUV SUD Industrie Service GmbH

Headquarters: Munich
Trade Register: Munich HRB 96 869

d Systeme

Supervisory Board: Telefon: +49 89 5791-2441

Dr.-Ing. Axel Stepken (Chairman) Telefax: +49 89 5791-2412

Board of Management: www.tuev-sued.de
Dr. Peter Langer (Spokesman) ’ ® '

&)

Industrie Service

Choose certainty.
Add value.

Date: 30.06.2008

Our reference:
IS-EGN-MUC/ed

Document:
1195480_APC_Symmetra-
PX48kW_EfficientyTestreport.do
c

This Document consists of
13 Pages and 1 annex
Page 1 of 13

Excerpts from this document may
only be reproduced and used for
advertising purposes with the
express written approval of

TOV SUD Industrie Service GmbH.

The test results refer exclusively
to the units under test.

Fed
@\\’“e SJ'.v‘,;sa
SWISSTS

/so 900’\

TUV SUD Industrie Service GmbH
Referat Netze und Systeme
Westendstrasse 199

80686 Munich

Ferdinand Neuwieser TLN Germany



Page 2 of 13 @
Our Reference/Date: IS-EGN-MUC/ed / 30.06.2008

Document: 1195480_APC_Symmetra-PX48kW_EfficientyTestreport.doc
Industrie Service

Table of Contents

1 Purpose of the Measurements

2 Standards ........cccecevinicinene.

3 Equipment under Test..............

4 Test Setup, TESt EQUIPIMENT ...ttt ettt h e et b e bt et s bt e bt e s e bt bt e ee e bt eae e e saenaeeane s
4.1 Test SETUP NOIMAI IMOGE .......ouiiiiiiieiee ettt bt b et a e h e bt b e h e eae bt ea e et e e bt eae e et e b e e bt eaeesbenaeeanens 3
4.2 Test Setup Stored ENErgy MOGE ........cc.ooiiiiii ettt sttt saesae et nne st e 4
43 LI =0 [V 1T o] 1 =T o SO U ST O PR UUROPURUPPROO 4
4.4 RSV LS B 10T o LRSS 5
4.5 TESE PIOCEAUIE ...ttt h bt h e a et h e et et e bt et e et e bt eh e e ae e e a e e a e e bt eheeabess e eh e e et e et naeeaeenaenaeeanenaenbente e 5

5 TESTRESUIES ...ttt bt et h et e bt bt e bt e st e b e e et e st e bt et e bt e bt ek e e bt b e ea e e a e eh e e et bt nh e et e bt naeeeeenaenae s 5
5.1 No Load Test at NOMINal iNPUL VOIAGE ........ccueiiiiiieiiiiiecee et sttt a et ees 5
5.2 RESISTIVE LOAA TESL ...ttt bt h e a et e bt ae et e bt bt et e e bt eb e et e e bt e aeeae e bt ebeeaeesbenae e e e nbenaeennan 6
5.3 SIMPS LOGA TEST ...ttt ettt bt b e a et b e e a et e b e e bt e et e bt eh e e et e b e he e e e bt bt eee e bt na e e h e et renrenen 8

6 Measurement Uncertainty ... ....10
6.1 Formulae .............. .10

6.1.1 AC-Power...... .10

6.1.2 DC-Power...... ....10

6.2 Characteristics of test equipment ........ ....10
6.3 Measurement Uncertainty of EffiCIENCY ........cc.oiiiiiiiii et 11

7 SUIMIMAIY ..ttt a e bttt b e bt e st e bt ea e e st eh e e et e s st e b e eh e e st eh e e et e bt ea e e et e eh e eh e ee s e eb e eheeeseebeeee e e e ebenbeeetesbeeaeeneesrenaeennen 11
2 1Tt SR 12

1 Purpose of the Measurements

By order of APC-MGE TUV SUD Product Service GmbH, DK-6000 Kolding witnessed the effi-
ciency test of 3 modules of the prototype of the UPS-system Symmetra PX2. The test has been
conducted on 14™ February / 3™ March 2008 by APC-MGE test engineers in the test bay of APC
in Kolding/Denmark.

2 Standards

The efficiency test is based on the standard:

- IEC 62040-3: Uninterruptible power systems (UPS) — Part 3: Method of specifying the perform-
ance and test requirements
(The standard is identical with EN 62040-3)

- IEC 61000-2-4: Electromagnetic compatibility (EMC) — Part 2-4: Environment — Compatibility
levels in industrial plants for low-frequency conducted disturbances
(The standard is identical with EN 61000-2-4)

- |EC 60953-2: Rules for Steam Turbine Thermal Acceptance Tests, Part 2, Appendix G: Calcu-
lation of Measuring Uncertainty of Output - Electrical Measurement

3 Equipment under Test

Technique: Static UPS
Type: Symmetra PX 48 kVA, 400V /400 V, 50 Hz

AC Mains Input: 380/400/415 V, 77/73/70 A, 50/60 Hz
AC Bypass Input:  380/400/415 V, 73/69/67 A, 50/60 Hz
AC Output: 380/400/415 V, 73/69/67 A, 50/60 Hz
DC Input: +192V /132 A

The UPS is modular and consists of a frame with redundant intelligence modules, redundant
power supplies for control logic, 3 power modules (each 16kW), a static bypass switch (SBS),
batteries, display and misc. 1/O circuits.
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Module Serial No Firmware Revision
Intelligence Module (MIM) [ PD0718330407 | 2.50
Intelligence Module (RIM) PD0718330410 | 2.50
Power Module PD0739130885 | 2.40
Power Module PD0739330326 | 2.40
Power Module PD0739130906 | 2.40
Static Bypass Switch SA0736000700 | 2.20

4 Test Setup, Test Equipment

41 Test Setup Normal Mode

Industrie Service

Test setup is shown in the sketch below. Active and reactive power is measured by using the

three-wattmeter method.
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4.2 Test Setup Stored Energy Mode

Industrie Service

Test setup is shown in the sketch below. Active and reactive power is measured by using the
three-wattmeter method (AC-power) respective by voltage-current measurement (DC-power).
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4.3 Test Equipment

Output
To Load

Test equipment is listed in the table below. Test equipment, calibration sheets and the measuring
circuit have been checked and verified.

Instru- Manufac- Type APC # Last cal. Next cal. Cert.#
ment turer Date Date

PA Power Yokogawa | WT1600 1893 16-01-2008 | 16-01-2009 22-302931
analyzer

T1 Current Voltech CT1000 1693 15-01-2008 | 15-01-2010 22-302837
transformer

T2 Current Voltech CT1000 1692 15-01-2008 | 15-01-2010 22-302833
transformer

T3 Current Voltech CT1000 1844 15-01-2008 | 15-01-2010 22-302851
transformer

T4 Current Voltech CT1000 1841 15-01-2008 | 15-01-2010 22-302843
transformer

T5 Current Voltech CT1000 1849 15-01-2008 | 15-01-2010 22-302872
transformer

T6 Current Voltech CT1000 1851 15-01-2008 | 15-01-2010 22-302889
transformer

Rshunt 1 Current shunt 1509 16-07-2007 | 16-07-2009 22-292507
resistor

RShunt 2 Current shunt 1683 20-07-2007 | 20-07-2009 22-292852
resistor
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44 SMPS Loads

SMPS load types are shown in annex 1. Dimensioning of resistors and capacitors of SMPS loads
have been checked and verified acc. to IEC 62040-3 annex E.

45 Test Procedure

The following tests have been conducted:

0
N
=
S
1]
o
=
IS
1]
]
=

Load type Stored Energy | U, =

no load (all modules) 0]

15 % resistive load

25 % resistive load

35 % resistive load

50 % resistive load

75 % resistive load

100 % resistive load

25 % SMPS load

50 % SMPS load

75 % SMPS load

ol o|olo| ool oo o | ol o @
lelile]le]le]ile]le]le]lele]le]le]k

o|o|ojofo|ojojofo|o

100 % SMPS load

no load 1 power module

no load 2 power modules

oo 0| 0| 0| O ||| o[ ol o | o[ O | =

no load 3 power modules

The readings have been recorded for ten seconds and the arithmetic mean value was calculated.

For the test with stored energy conditions the readings have been hold after five seconds and
recorded manually. DC power has been supplied by a DC rectifier instead of a fully loaded bat-
tery.

5 Test Results

5.1 No Load Test at nominal input voltage

Number of Power Modules Pioss | W DPyoss | W
1 234
2 372 137
3 519 147
Average increase per power module / W 142

Symmetra PX2 48kW
No load loss vs number of power modules. Nominal Vmains
Measured

600

500 4

400 /
300 P

Loss [W]

200

100

0 1 2 3
Number of power modules
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5.2 Resistive Load Test

Results at nominal input voltage

Industrie Service

Load /% | Pin/W | Sin/IVA | Pout/W | Sout/ VA | Pross | W h/!%
0 519 1576 -1 0 520 -0,28
15 7914 8128 7302 7304 612 92,27
U. =1.00 U 25 12792 12935 12060 12061 731 94,28
nemm 35| 17698 17811| 16823 | 16822 875 95,05
50 25236 25328 24087 24088 1149 95,45
75 37832 37924 36041 36041 1791 95,27
100 50627 50716 48081 48081 2545 94,97
Loss vs. load %. Efficiency vs. load %.
Symmetra PX2 48kVA. Resistive load, Vmains nom. Symmetra PX2 48kVA. Resistive load, Vmains nom.
3000 100,00
2500 2 95,00 ——
2000 / 5 9000 //
% 1500 g 85,00 /
- 1000 / ué: 80,00 /
500 75,00 /
°0 n 0w wm m| e @ e @ %
Load [%] Load [%]
Results at 0.87 p.u. input voltage
Load /% | Pin/W | Sin IVA | Pout IW | Sout/VA | Ploss (W | h /%
0 515 1231 4 0 511 0,69
15 7960 8091 7333 7331 627 92,12
U. =087 U 25 12870 12958 12102 12099 768 94,03
neTm 35| 17761 17835| 16830 16831 932 94,75
50 25398 25472 24145 24146 1253 95,07
75 38100 38169 36123 36123 1977 94,81
100 51086 51158 48190 48189 2896 94,33
Loss vs. load %. Efficiency vs. load %.
Symmetra PX2 48kVA. Resistive load, Vmains -13%. Symmetra PX2 48kVA. Resistive load, Vmains -13%.
3500 100,00
3000 95,00 ——
2500 / = 9000 T/’[
g 2000 i~ /
N / £ 8500
S 1500 K /
&
1000 / 80,00 /
500 75,00 /
"0 e 5 6w m w
Load [%] Load [%]
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Results at 1.13 p.u. input voltage

Load /% | Pin/W | Sin IVA | Pout IW | Sout/VA | Ploss (W | h /%

0 513 1936 1 0 512 0,23

15 7923 8232 7331 7334 592 92,53

U.=113 U 25 12804 13016 12108 12105 696 94,56

nee e 35| 17677| 17834 16847 | 16845 830 95,31

50 25247 25375 24168 24168 1079 95,73

75 37750 37863 36111 36112 1639 95,66

101 50587 50700 48253 48252 2334 95,39

Loss vs. load %. Efficiency vs. load %.
Symmetra PX2 48kVA. Resistive load, Vmains +13%. Symmetra PX2 48kVA. Resistive load, Vmains +13%.
2500 100,00
2000 / 95,00 ]
/ = 9000 T/V
5 1500 E /
E / S 8500
S 1000 o /
W 80,00
500 75,00 /
0 ! ! ! . . 70,00 / ; ; : !
0 20 40 60 80 100 0 20 40 60 80 100
Load [%] Load [%]

Results at + 192 VDC input voltage

Load / % P, IWN Pout | W Sout/ VA | Pross | W h/!%
0 520 0 3 520 0,02
15 8022 7323 7323 699 91,28
25 12934 12090 12090 844 93,47
A — + il
Un = £192VDC 35 17841 16855 16855 986 94,47
50 25434 24161 24161 1273 95,00
75 38068 36139 36139 1929 94,93
100 50903 48205 48205 2698 94,70
Loss vs. load %. Efficiency vs. load %.
Symmetra PX2 48kVA. Resistive load, 192VDC. Symmetra PX2 48kVA. Resistive load, 192VDC.
3000 100,00
2500 el 95,00 //
2000 ~ 90,00
% 1500 / é 85,00 /
B 1000 / E 80,00 /
500 75,00 /
0 , , , . . 70,00 / ; ; ; ;
0 20 40 60 80 100 0 20 40 60 80 100

Load [%] Load [%]
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5.3 SMPS Load Test

Results at nominal input voltage

Industrie Service

Load /% | Pn/W | Sin/VA | Pout/W | Sout/VA | Ploss W | hl%
26 9273 9479 8569 12442 703 92,41
Un =1.00 U, 50 17905 18045 16880 23924 1025 94,27
72 26399 26529 24926 34743 1473 94,42
93 34681 34814 32717 44870 1965 94,33
Loss vs. load %. Efficiency vs. load %.
Symmetra PX2 48kVA. SMPS load, Vmains nom. Symmetra PX2 48kVA. SMPS load, Vmains nom.
2500 100,00
2000 95,00 .
/ ~ 90,00
5 1500 e
E / S 8500
S 1000 g
/ W 80,00
500 75,00
0 . . . . 70,00 : : .
0 20 40 60 80 100 0 20 40 60 100
Load [%] Load [%]
Results at 0.87 p.u. input voltage
Load /% | Pn/W | Sin/IVA | Pout/W | Sout/VA | Ploss W | hl%
26 9302 9429 8566 12441 736 92,09
U, =0.87 U, 50 17957 18049 16872 23904 1085 93,96
72 26501 26602 24908 34704 1592 93,99
93 34837 34934 32697 44837 2140 93,86
Loss vs. load %. Efficiency vs. load %.
Symmetra PX2 48kVA. SMPS load, Vmains -13%. Symmetra PX2 48kVA. SMPS load, Vmains -13%.
2500 100,00
2000 i 9500 T
/ ~ 90,00
5 1500 e
S 1000 / u,:&: w000
500 75,00
0 . . . . 70,00 : : .
20 40 60 80 100 0 20 40 60 100
Load [%] Load [%]
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Results at 1.13 p.u. input voltage

Load /% | Pin/W | Sin IVA | Pout IW | Sout/VA | Ploss (W | h /%
26 9238 9529 8555 12415 684 92,60
Un=113 U, 50 17818 18013 16849 23868 968 94,56
72 26285 26452 24892 34683 1392 94,70
93 34518 34679 32682 44810 1836 94,68
Loss vs. load %. Efficiency vs. load %.
Symmetra PX2 48kVA. SMPS load, Vmains +13%. Symmetra PX2 48kVA. SMPS load, Vmains +13%.
2000 100,00
1800 —
1600 95,00 ‘/./
1400
= 1200 /' % 90,00
; 1232 — E 85,00
600 — W 0,00
400 75,00
200
0 ! ! ! ! 70,00 ; ; : :
0 20 40 60 80 100 0 20 40 60 80
Load [%] Load [%]
Results at + 192 VDC input voltage
Load/% | P /W | Pou/W | Sout/VA | Ploss IW | h 1%
0 526 0 0 526 0,00
26 9248 8481 12260 767 91,70
n=%192VD :
Un o ¢ 50 17886 16829 23783 1057 94,09
72 26398 24862 34578 1536 94,18
93 34698 32596 44654 2102 93,94
Loss vs. load %. Efficiency vs. load %.
Symmetra PX2 48kVA. SMPS load, 192VDC. Symmetra PX2 48kVA. SMPS load, 192VDC.
2500 100,00
2000 d 95,00 r/’—.“
/ = 90,00
1500 &
% / g 85,00 /
S 1000 g /
W 80,00
500 75,00 /
0 . . . . 70,00 / ; ; ;
0 20 40 60 80 100 0 20 40 60 80 100
Load [%] Load [%]
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6 Measurement Uncertainty
6.1 Formulae

6.1.1 AC-Power
Measuring uncertainty was calculated by applying IEC 60953-2, Part 2, Appendix G.

V,2= 2+ c2+ G2 + 2 + | 3(t-23) +((d 2 + d ,2) 102 tan?

Vp: confidence limit of the measuring uncertainty (%)

¢, ¢,; calibration inaccuracy in the ratio error of the voltage/current transformer (%)
Cw: calibration inaccuracy of the wattmeter (%)

v reading inaccuracy of the wattmeter in scale division (n/a)

l: Temperature coefficient of wattmeter (n/a)
d;, d,: calibration inaccuracy in the phase angle of the voltage/current transformer (mrad)

6.1.2 DC-Power
Calculation of measuring uncertainty of DC input power (stored energy mode)

Poc = Py +P;
P1 = Ubc1 X Ipct
DP; = P, \/(DUDC1)2+ (Dlpc1)?
Ipct = DUk
R

Dipct = Inc1 \/ (ADUr1 )2+ (dR1)?

Poc: total DC power
P, P,:  DC power (L+), DC power (L-)
Ri Rx: shunt1, 2

6.2 Characteristics of test equipment

AC Power 0.05 I, 0.7 I, remarks
Ratio CT / % £0.75" £0.0722 " acc. to
IEC 60044-1 table 11
Angle CT / mrad 9.0" 45" 2 acc. to calibration sheet
22-302843 100/1A
Ratio PT / % direct direct
AC Power 0.25 Pac 1.0 Pac
WT 1600 / % 0.15 0.15
V /% 0.77 0.17
DC Power 0.25 Ppc 1.0 Poc
DR (R1, Ry) + 30 nW + 30 nW
WT 1600 / % 0,15 0,15

V /1% 0,15 0,15
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6.3 Measurement Uncertainty of Efficiency

Efficiency AC/AC 0.25 Pac 1.0 Pac
V1% 1.09 0.24
Efficiency DC/AC 0.25 Ppc 1.0 Ppoc
V1% 0.78 0.23
7 Summary

For the UPS Symmetra PX 48 kW efficiency test acc. to the relevant standard

Industrie Service

IEC 62040-3: Uninterruptible power systems (UPS) — Part 3: Method of specifying the perform-

ance and test requirements
has been conducted.

The requirements acc. to the standard are kept.

Acc. to technical data sheet the efficiency of the UPS Symmetra PX 48 kW is at
Utility operation = 95% at 35% - 100% resistive load and
=2 90% at 15% - 100% resistive load

Battery operation 2 94% at 35% - 100% resistive load and
290% at 15% - 100% resistive load

The measurements confirm that

- the efficiency is better than or equal to 90% when the load is 15 % - 100 % and
better than or equal to 95 % when the load is 35 % - 100 %
in normal mode of operation with nominal mains voltage and resistive load.

- the efficiency is better than or equal to 90 % when the load is 15 % - 100 % and
better than or equal to 94 % when the load is 35 % - 100 %
in stored energy mode of operation with +/-192V DC input voltage and resistive load.

000
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Annex 1

The following SMPS loads are available at APC for efficiency test:

Non linear load (SMPS load) type 1

D3

[=]
i)
il

~ Ci1 § R2
15

10300u

D4

N D2
V1

VAMPL = 231VA q)
FREQ = 50

=
]
3]

- C2 g R4
10300u 15

=0 Z|S D6
2 series connected SMPS loads.
Load value:
Rs =R1+R3=0.5 Ohm
Rload = R2 + R4 = 30 Ohm
C = C1 mseries with C2 = 5150 uF
Equivalent to 4011VA load at 231VAC (EN 62040)

D&

The figure shows one section of the load for phase to neutral connection (231VAC)
Total there are 9 sections (3 for each phase)
Total load is 3* 4011VA per phase, or 36.1kVA 3 phase load.
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Non linear load (SMPS load) type 3

JS D1 D3

V1
VAMPL = 231VA@

FREQ = 50

0

SMPS load.
Load value:

Rs=R1 =2 Ohm
Rload = R2 = 108 Ohm
C=C1=1500vuF
Equivalent to 1114V A load at 231VAC (EN 62040)

Z‘X D2 D4

C1
1500u

§R2

108

The figure shows one section of the load for phase to neutral connection (231VAC)

Total there are 9 sections (3 for each phase)
Total load is 3* 1114VA per phase, or 10.0kVA 3 phase load.

Load used for efficiency test

Load Load type 1, # of sec- | Load type 3, # of sec-
tions per phase tions per phase
% kVA
25 12 1 0
50 24 2 0
75 36 3 0
96 46 3 3




