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1. POWER ANALYZER FEATURES, QUICK OVERVIEW, SAFETY

The Infratek 108A High Precision Power Analyzer is available in 1-, 2-, 3-, 4-, 5-, or 6- phase
versions. All voltage inputs (ranges 0.3V up to 1500Vpeak) and all current inputs (1.5mA up
to 1A; 15mA up to 5A; 1A up to 40A; and current shunt inputs 60mV up to 6V) are potential
free and exhibit

Excellent low noise

Common mode suppression
DC-stability

Wide frequency range (2MHz)

Very low self-heating on current inputs.

There is no need to fiddle with dc-compensation, or changing current plug-ins. All is built into
the input sections of the Power Analyzer, ready to be used.

Your intuition will guide you to operate the Power Analyzer touch screen correctly. With basic
knowledge of power measurement, you will be able to change the settings to your needs. Al-
most all setting changes are accomplished with two touches on the display screen or two
clicks with the mouse.

-54.480n -44.703n 109.43n

7.7278u  6.3453u 7.1244u
000.00m 000.00m 000.00m
000.00m 000.00m 000.00m
000.00m 000.00m 000.00m
791999 (179990 | 75990

Figure 1.1 Shows the display of a 3-phase instrument in “Standard Mode”.

Figure 1.1 shows the display of a 3-phase instrument in “Standard Mode”. To change the cur-
rent range from 15mA to 500mA touch the button “AUTOA”. A pop-up window is presented
from which you select “500mA”. Now the Power Analyzer is in 500mA current range (manual
ranging).
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Figure 1.2  108A Value Selection Table

Just as simple is to change the quantity at the bottom line “Freq” to Arectified mean (Arect).
Touch “Freq” at the left side of the display. This will present you a value selection table as
shown in Figure 1.2. Now touch “Arect” which brings you back to Figure 1.1 with the bottom
line quantity changed to “Arect”.

Four different measure modes enhance the 108A Power Analyzer capabilities. These are:
standard measure mode, logging measure mode, transient measure mode, and power-speed
measure mode.

1.1 STANDARD MEASURE MODE

In the Standard Measure Mode 280 quantities per phase are continuously measured
(no gaps) and are updated. Values can be displayed on four display pages, can be saved in
internal memory, or on a memory stick, or can be transferred via Interface to a computer.

Touching “WAVE” will display a sub-menu which lets you select the current-, voltage-, and
power wave forms of any phase.

Select “OFF” (Wave OFF). Now you have access to the buttons “FFT Table”. Touching

“‘FFT Table” selects “FFT L1”. On five pages you can now view the harmonics of current, volt-
age, power, and phase angle (harmonics 1 to 40 for current and voltage, harmonic 1-21 for
power and phase angle).

Similarly, selecting “FFT Bar” the bar graph of the harmonics will be displayed in percent of
the fundamental (1. harmonic).

Touching “FFT L1” will toggle to “FFT L2”, “FFT L3”, and so on.
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1.2 LoGGING MEASURE MODE

The basic operation is as follows: Select the number of cycles for which you desire a periodic
data output to the RS232- / USB-IEEE interface. If you perform measurements on the 50Hz
power line and you select cycles = 1 you obtain new data every 20ms; if you select cycles =
30000 you obtain new data every 10 minutes.

Before starting the measurement, a valid synchronization signal 5Hz to 2kHz must be applied
to all installed phases of your Power Analyzer. Select SyncA, SyncV, or S_Ext V. Touch the
START-button to start the measurement, touch the STOP-button to stop it. DC signals can
also be measured (e.g. DC-motors). For DC you must apply an external synchronization sig-
nal in the frequency range 5Hz — 2kHz (select EXT synchronization).

Furthermore, the frequency of the synchronization can be varied up and down as much as
10% per second.

From every phase you obtain 8 values: frequency, RMS current, RMS voltage, power, power
factor, apparent power, energy Wh, and apparent energy VAh.

If you select the baud rate of 463.2 kBaud (in SETUP) a 6-phase Power Analyzer transmits
8 x 6 = 48 values in less than 20ms. This can be used to analyze the start-up behaviour of
power systems.

1.3 TRANSIENT MEASURE MODE

The transient measure mode can be used in two ways: You can catch current-, voltage-, and
power wave forms in a start-up on all phases simultaneously or you can view all wave forms
at a critical operating point in Standard Measure Mode (up to maximum 6 phases).

The duration of the measurement is set by changing in the SETUP menu the Transient-id
from 0 to 7. Sections of the wave forms can be expanded by simply touching one of the 4
“Zoom Sectors” (maximum zoom factor is 256).

For proper operation you must apply signal synchronization to all installed phases of your
Power Analyzer.

P

T 8 | O 2 N

ol g b A A AR AR A A,
S AARARRARAAIR)

Figure 1.3  108A 3-Phase Power Analyzer Display in Transient Measure Mode
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1.4 POWER-SPEED MEASURE MODE (OPTION)
This measure mode analyzes the performance of electric devices such as electric cars.

In 20ms intervals the following data are stored in internal memory: RMS current, RMS volt-
age, power, apparent power, energy, apparent energy, and speed of an axis or a wheel. Rms
current and —voltage are average values of the number of phases used, power and energy
are the sums of phases used.

Power speed measurements can be performed on DC- as well as AC-drives using either
phase 1, or phase 1 and phase 2, or using phase 1, 2, and phase 3 of the Power Analyzer.

At the end of a measurement cycle (maximum 11 seconds) data versus time are plotted, can
be expanded to view details, or can be stored.

Figure 1.4  108A 3-Phase Power Analyzer in Power-Speed Measure Mode
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1.5 POWER ANALYZER REAR PANEL

Figure 1.5 shows the 108A rear panel with three phases installed. Every phase consists of a
potential free voltage input along the top side.

Below the voltage inputs are the 40A input, and the 5A input (7A max.) with common Lo
socket. Above the 40A socket is the 3 pole Amphenol socket for the 1A input and shunt input.
It is normally covered with the shunt short circuit cap.

Figure 1.5 Rear panel of a 3 Phase Power Analyzer

All four current inputs are referenced to the black Lo socket and are potential free.

1A Input Hi, Lo at black 4mm

O Shunt

Shunt Hi ...—Short circuit when clamp not used.

Figure 1.6 3 pole Amphenol Socket for 1A current input and shunt input
For use of 1A input remove the shunt short circuit cap and insert the 1A adapter. The 1A
adapter is the Hi input, and the black current socket is the 1A Lo.

Caution: When 1A adapter is removed the shunt short circuit cap must be inserted.
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1.6

SUMMARY OF 108 A POWER ANALYZER FEATURES

Available as 1-, 2-, 3-, 4-, 5-, or 6-phase instrument.

Highest precision available: 0.02 % reading + 0.02 % range.

18bit measurement resolution. High accuracy at 10 % full scale.

Wide angle, touch-screen TFT color display (800 x 480 pixels).

Simple to operate, most settings in 2 steps (2 touches).

Settings per phase for V- A-ranges, current inputs, and synchronization.
Standard-, Logging-, Transient-, Power-Speed measurement functions.

Standard: calculates all quantities of power electronics, including motor- and
transformer values, harmonics, energies, analog inputs, and speed.

Very fast data transfer; up to 3400 values per second.

High DC precision for solar applications.

Includes 4 current inputs: 1mA - 1A, 15mA - 5A, 1A - 40A, shunt.
Voltage Ranges: 0.3V to 1000V.

USB memory stick >4GByte

USB interface for downloading measurement data

Optional interfaces: RS232, USB, Ethernet, IEEE-488

Optional: 2 frequency inputs max 150kHz, 6 analog inputs, and 12 analog outputs.
Interface commands for fast data transmission.

Optional operating software under Windows, LabView Driver
Reasonably priced by virtue of smart design.

Simple servicing, modular concept, pre-calibrated input amplifiers.
Optional high precision, broadband, current sensors.

Upgrading the number of installed phases is possible at any time
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1.7 SAFETY INSTRUCTIONS

The manufacture of this equipment conforms to the safety standards defined in IEC 61010-1.

Protection: The device assigns to protection class II and is equipped with a protective
earth stud.

This equipment may be operated only by qualified personnel. A qualified person has complet-
ed training to operate a Power Analyzer.

PROPER USE

Do not exceed maximum currents of the 1A-input, 5A-input, 30A-input, and the shunt input.
Do not exceed maximum voltages on voltage inputs. Do not exceed 1000V on any input ter-
minal with respect to case.

Improper use or modifying any part of the equipment shall void all warranty.

Warranty
The warranty period is 2 years from the date of purchase.

CONNECTING A POWER ANALYZER
e Use a power line cable with earth connection
¢ Inspect the connecting cable for faulty connection
e Connect the rear panel earth stud to power ground
¢ Make cable connections with the help of a second qualified person
e Ensure that connected devices work properly

e In case of direct connection to current circuits we recommend to use an external
protection circuit to not exceed the maximum current input in use (1A, 5A, 30A)

o Refer Power Analyzer servicing and repair to authorized organizations

e Use of this instrument in life support systems and in systems for people transportation
must be expressly authorized by the manufacturer

e Use shielded cables for interface connections and keep interface cables away from
parts which can carry large currents and transients.
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2. CONNECTION TO CIRCUITS

Please read section “Safety” of this manual before performing the measurements described
below.

21 MEASUREMENT IN 3-PHASE MAINS CIRCUIT

211 THREE WATTMETER CONNECTION
Power and energy consumed by a load are positive values. This means that current Hi and
Lo, and voltage Hi and Lo must be connected in correct directions (polarity).

Rule 1: All currents flow from supply to load that is into the red current socket and from
current Lo (black socket) to input of load.

Rule 2: Connect current Lo to voltage Hi.
Connect all voltage Lo to power line neutral (3 wattmeter circuit)

SUPPLY LOAD
L1 L1
L2 L2
L3 L3

N

ETHER_

® © O |@ | @
VOL- VOL- VOL- @~ vOL
TAGE TAGE TAGE TAGE TAGE
9
ofo
° ' A I
HI HI
20n 40A max. 40A max. 40A|max. 40A
@ @ CURRENT ® CURRENT @ CUF Rent @) cuR
CUR- HI

@renT O7Amax O7Amax O—T‘ﬁrrnax. @ o

Figure 2.1 Power Measurement in 3-phase mains circuit using three Wattmeter
configuration. Rule 1 and Rule 2 apply.

Power values of the 3 phases are all positive. You can verify that power of phase 1 becomes
negative by reversing current phase 1.
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2.1.2 ARON CONNECTION

Important! Do not use Aron Connection for unsymmetrical loads.

SUPPLY LOAD
L1 L1
L2 L2
L3 — L3
N —

[Val ETHERNET PHASE 6 PHASE 5 PHASE 4 PHASE 3 PHASE 2
VOLTAGE

PH 1
@ HI @HI HI @
VOLTAGE VOLTAGE
1000V max. 1000V max. 1000V max. 1000V rpax.
<7 @ @ |LeT 1@

HI HI HI
o o O
(-2 -} (- -} (-2 -}
H LO HI LO HI Lo
Shunt Shun| [Shunt
HI @ HI ‘ HI _©
40A max. 40A max. 40A njax.

CURRENT CURRENT CURRENT
HI @ HI

7A max. 7A max.

@ T @
L @0 @ @

1000V max.

VOLTAGE @ VOLTAGE

Figure 2.2 Measurement in 3-phase mains circuit using 2 Wattmeter configuration.
Rule 1 and Rule 3 apply.

Rule 3: Voltage Lo connects to third wire not used for current measurement
(Figure 2.2). Phase to phase voltages are measured.

The 2 Wattmeter circuit measures 2 currents, and 2 line-to-line voltages and determines total
power of the 3 phase load. One of the displayed power values can become negative due to
phase shifts of inductive loads. This may lead to confusion. Therefore, strictly follow rule 1
and rule 3.
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21.3 CONNECTING A 6 PHASE POWER ANALYZER TO 2 MAINS CIRCUITS

Figure 2.3 shows the connections to a 6-phase Power Analyzer using three 30A current in-
puts and three 1A current inputs from a three phase 0-100A current sensor module. Such cur-
rent sensors have at 100A primary current a nominal of 50mA output current and therefore
require a current scaling factor of 2000 to display actual current and power.

This is how you proceed.

e Make connections as shown in Figure 2.3. Observe Rules 1 and 2 to obtain positive pow-
er on all phases. Note: Rms current is positive independent of direction

e Touch Phase 1 button, select 30A (green), touch Phase 1 to exit. Touch Phase 2 button,
select 30A, touch Phase 2 to exit. Do the same for phase 3.

e Finally, select the 1A input for Phase 4, 5, and 6.

e Select the appropriate ranges for current and voltage, or select auto-ranging.

e Select SETUP and enter the current scaling factors required for the current sensors

to
L1 L1
SUPPLY1 L2 L2
— L3
L3
N
uss ETHERNET  ppASE 6 PHASE 5 PHASE 4 PHASE 3 PHASE 2
Em] (o @L ©HI ©H| ©HI ©HI
VOLTAGE VOLTAGI VOLTAFE VOLTAGE VOLTAGE
RS-232 1000)/ max. 1000V m3gx. 1000V fnjx. 1000V mgx. 1000V ax.
B @~ @~ @ @~
ANALOG EXT. SYNC, +12V
il Hi H H
IEEE 488 D (-]
(-] oo (-] [
‘ LO Hi LO HI LO HI LO
C hunt Shiint Shunt unt Shunt
u H @ Hi @ Hi HI HI
~na_ 40A max. 40A mpx. 40A max. 40A mbx.
ENT URRENT URRENT CURRENT CURR ENT
Hi HI HI
® @® ®
47 63Hz npax. 1A max. 1A mak. 7A max. 7A mak.
40VA
® | ®| @ @
[max 100 L | [ma{10povitd]]  [max[100QV tol | [nax[1000vitd |  [max f000Vital]  [max 1000V teL
N
Current
L1 Sensor L1
SUPPLY?2 Current
L2 Sensor L2
Current
L3 Sensor L3

to

Figure 2.3 Power measurement using three 30A current inputs and three 1A current
inputs
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3. 108 A MATHEMATICAL DEFINITIONS AND SPECIFICATIONS

3.1 MATHEMATICAL DEFINITIONS

Tables 3.1 and 3.2 define all quantities measured and computed. The “batch” column shows
the symbol that must be used in the interface batch command of section 6 (setting the quanti-

ties viewed on the display).

Table 3.1. List of standard values that can be displayed

Description Symbol = Formula, Description Batch
rms current Arms = (1/T T[o A2 dt)"2 includes all harmonics A00
mean current Amean = 1/T Tfo Adt, dc-component of current AO1
rectified mean current Arect = 1/T T[o 1Al dt, rectified mean current A02
peak current Amax = maximum current in time interval A10
current distortion Athd1 = (Arms? — A01?)"2 | Arms, use for fre- A23
quency inverter

harmonic current distor- | Athd2 = (XAn?)"2/ Arms, n=2,3, ... 40 A25
tion

current crest factor Acf = Amax / Arms A20
current form factor Aff = Arms / Arect, is 1.1107 for sine wave A22
current fundamental AO01 = fundamental current of FFT A35

current 2. to 7. harm

A02,A03,A04,A05,A06,A07

A37,A39,A41,A43,A45 A47

current 8. to 13. harm

A08,A09,A10,A11,A12,A13

A49,A51,A53,A55,A57,A59

rms voltage Vrms = (1/T Tfo V2 dt)"2, includes all harmonics AO03
mean voltage Vmean = 1/T Tfo VVdt, dc component of voltage A04
rectified mean voltage | Vrect = 1/T T[o IVI dt, rectified mean voltage AO05
peak voltage Vmax = maximum voltage in time interval A13
lowest voltage Vmin = lowest voltage in time interval A12
peak to peak voltage Vptp = Vmax — Vmin A11
voltage distortion Vthd1 = (Vrms? — V012)"2 / Vrms, use for fre- A24
quency inverter
harmonic voltage distor- | Vthd2 = (£Vn?)"2/Vrms, n=2,3, ..., 40 A26

tion
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Table 3.1: continued. List of standard value that can be displayed

Description Symbol = Formula, Description Batch
voltage crest factor Vcf = Vmax / Vrms A19
voltage form factor Vff = Vrms / Vrect, is 1.1107 for sine wave A21
voltage fundamental V01 = fundamental voltage of FFT A36
voltage 2. to 7. harm V02,V03,V04,V05,V06,V07 A38, A40, A42, Ad4, A46, A48
voltage 8. to 13. harm V08,v09,v10,V11,V12,V13 A50, A52, A54, A56, A58, A60
active power W = 1/T Tfo u-i dt, total power in W A06
apparent power VA = Arms - Vrms, total apparent power VA A17
reactive power Var = +(Papp? — Pact?)'?, reactive power Var A18
power factor PF = Pact / Papp, includes all harmonics A27
fundamental power W01 = A01 - VO1 - cos 901, 01 = phase A61
fund apparent power VAO01 = A01 - V01 A29
fund reactive power Var01 = (VA012 — W012)"2, magnitude only A30
fund power factor PFO1 =WO01/VAO1 A28
power 2. to 6. harm W02, W03, W04, W05, W06 A63, A65, A67, AB9, A71
power 7. to 10. harm wo07, W08, W09, W10 A73, A75, A77, A79
power of distortion D =VO01(ZAn?)"2 n=23, ..., 40; D in Watt A31
energy Wh = tfo Pact - dt, active energy in Wh A14
apparent energy VAh = Yo Papp - dt, use it for long term PF A15
reactive energy VAR = o Prea - dt, can be positive / negative A16
battery charge Ah = Yo Arect - dt, is positive only A09
elapsed time time = o dt, time in hours since RESET A32
magnitude impedance Mag Z = V01 / AO1 fundamental A33
phase of fundamental Phi01 = phase V01, A01 A34

phase 2. to 6. harm

phase 2., 3., 4., 5., 6. harmonic

A64, A66, A68, A70, A72

phase 7. to 10. harm

phase 7., 8., 9., 10. harmonic

AT74, A76, A78, A80,

frequency

Freq =zero crossing of A, V, Ext; SYNCI, U, Ext

AO7

Note:

current A14 to A88 and voltage V14 to V88.

Harmonic values not contained in table 3.1 can be read via interface:
These are:
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Table 3.2: List of special values that can be displayed

Description Symbol = Formula, Description batch
sum1 of power sum1 = Pact1 + Pact2 + Pact3; Power phase 1+2+3

sumz2 of power sum2 = Pact1 + Pact2 A81
sum3 of power sum3 = Pact4 + Pact5 + Pact6; Power phase 4+5+6

sum4 of power sum4 = Pact4 + Pact5

sum5 of power sum5 = not used A82
sum6 of power sum6 = not used

ratio1 of power ratio1 = Pact4 / Pact1 + Pact2 + Pact3

ratio2 of power ratio2 = Pact3 / Pact1 + Pact2 A83
ratio3 of power ratio3 = Pact2 / Pact1

ratio4 of power ratio4 = Pact4 + Pact5 + Pact6 / Pact1 +Pact2 +Pact3

ratio5 of power ratio5 = Pact6 / Pact4 + Pact5 A84
ratio6 of power ratio6 = Pact5 / Pact4

Motor1 Values from phase 1, phase 2, and phase 3

Mec input power Pin = electric power applied to motor

Mec output power Pout = Pin — Pin at no load in Watt (Loss) A85
Torque Torque = Pout - poles1/4 - 3.1416 - frequency1

Slip Slip =1 —fout / fin

rotation per minute rom = 120 - frequency1 / poles1 A86
efficiency efficiency = 1 — Pin at no load / Pin

Transformer values from phase 1 and phase 2

Vrect, rms corrected | Vcorrected = 1.1107 - Vrect

correted power Corr power = Pact 1 /(0.5 + 0.5 - Vrms / Vcorrected) A87

Loss factor Q

Q =tan X/R, where Z=R + jX
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Table 3.2: List of special values that can be displayed

Description Symbol = Formula, Description batch
Loss resistance Equivalent loss resistance = Pact1 / Arms?

Loss inductance Equivalent loss reactance = Prea 1/ Arms? A88
turn ratio turn ratio = N2 /N1 =Vrms2 / Vrms1, no load

analog input1 +5V analog input1

analog input2 +5V analog input2 A89
analog input3 +5V analog input3

analog input4 +5V analog input4

analog input5 +10V analog input5 A90
analog input6 +10V analog input6

V1 line to line V1 Itl = (Vims + Vams) - 0.86603

V2 line to line V2 Itl = (V2rms + Vams) - 0.86603 A93
V3 line to line V3 Itl = (Vams + Vims) - 0.86603

V4 line to line V4 Itl = (Varms + Vsms) - 0.86603

V5 line to line V5 Itl = (Vsrms + Verms) - 0.86603 A9%4
V6 line to line V6 Itl = (Verms + Vams) - 0.86603

Motor2 Values from phase 4, phase 5, phase 6

Mec input power Pin = electric power applied to motor

Mec output power Pout = Pin — Pin at no load in Watt A95
Torque Torque = Pout - poles / 4 - 3.1416 - frequency2

Slip Slip =1 —fout / fin

rotation per minute rpom = 120 - frequency / poles A96
efficiency efficiency = 1 — Pin at no load / Pin

Example:

Assuming you are using a 2-phase Power Analyzer and want to display ratio 3 = Pact2 /
Pact1 at the bottom of the display (Figure 1.1). Touch icon, “Ah” (Fig. 1.1). In the value selec-
tion table touch “R1|R2|R3” (Fig. 1.2).

In Figure 1.1 at the bottom line you have now 3 quantities displayed: ratio1, ratio2, ratio3,
where ratio1 = 0, ratio2 = 0, and ratio3 = Pact2 / Pact1.

page 18



3.2

SPECIFICATIONS

Voltage Measurement

% reading
+ % range

8 measuring ranges: 0.3V — 1V — 3V — 10V - 30V — 100V - 300V - 1000V

Bandwidth DC-2MHz

Coupling: AC or AC + DC | Common mode rejection:

100dB at 100kHz

Input impedance: 1MQ / 15pF. Floating input

max. 1000Vrms

Crest Factor 15:1 at 10% fs. Typical accuracy at 10% is 0.1%

fs = full scale

Temperature coefficient: 0.004% / °C

Standard accuracy 23°C £1°C. 3V to 600V

High precision 10V to 600V

45 to 65Hz 0.08 + 0.08 0.02 + 0.02

3 to 1000Hz 0.1+0.1 0.03 + 0.03

1 to 10kHz 0.2+ 0.2 0.1+0.1

10 to 100kHz (0.2 + 0.2) +(0.2 + 0.2)*log(f/10kHz) (0.2 + 0.2) +(0.2 + 0.2)*log(f/10kHz)
DCY//100-500kHzY 0.1 + 0.1// 0.012*f(kHz)

Linearity 100V range: 130 % 100 % 50 % 10 % 5% Typical linearity at 50/60Hz

130.01v_ 100.00V_ 49.988V  10.000V _ 5.0014V

Voltage Scaling U1-U6

| Individual voltage scaling factors of every phase. Use pop-up number pad. Format 2000.8.

Measured & Computed Voltage Values

RMS voltage Vrms = (1/T Tfo V2 dt)2, includes all harmonics Voltage crest factor Vcf = Vmax / Vrms
Mean voltage Vmean = 1/T T[o Vdt, dc component of voltage Voltage form factor Vff = Vrms / Vrect, is 1.1107 for sine wave
Rectified mean voltage Vrect = 1/T T IVI dt, rectified mean voltage Voltage fundamental V01 = fundamental voltage of FFT
Peak voltage Vmax = maximum voltage in time interval V1 line to line V1 Itl = (Virms + Varms) - 0.86603
Lowest voltage Vmin = lowest voltage in time interval V2 line to line V2 Itl = (Varms + Vams) - 0.86603
Peak to peak voltage Vptp = Vmax = Vmin V3 line to line V3 Itl = (Vams + Vims) - 0.86603
Voltage distortion Vthdl = (Vrms? — V01)Y2 / Vrms, 2 V4 line to line V4 Itl = (Varms + Vsms) - 0.86603
Harmonic voltage distortion Vthd2 = (ZVn?»)Y2 /Vrms, n = 2,3, ..., 40 V5 line to line V5 Itl = (Vsrms + Verms) - 0.86603
V6 line to line V6 Itl = (Verms + Vams) - 0.86603

Current Measurement

4 inputs: In30A, In5A, In1A, shunt. Floating inputs. 1 sec averaging.

max. 1000Vrms to earth

InlA: 6 ranges  1.5mAY - 5mA - 15mA - 50mA - 150mA - 500mA - 1500mA. DC-100kHz

max. 2A continuous

In5A: 6 ranges:  15mAY - 50mA - 150mA - 500mA - 1.5A - 5A - 15A. DC-100kHz

max. 7A continuous

In30A: 4 ranges: 1AV - 3A - 10A - 30A - 100A. DC-100kHz

max. 40A/30A cont., 1-3phase /4-6phase

Shunt: 60mV - 200mV - 600mV - 2V - 6V. DC-100kHz

max. 30V continuous

Coupling: AC or AC + DC | Common mode rejection:

115dB at 100kHz

Crest factor 15:1 at 10% fs. Typical accuracy at 10% fs is 0.1%

fs = full scale

Temperature coefficient: 0.004% / °C

Standard accuracy 23°C £+ 1°C

High precision In1A/In5A

Input In1A,In5A,Shunt In30A 15,50,150,500mA, 1A/150,500mA,1.5,5A
. 45 to 65Hz 0.08 + 0.08 0.08 + 0.08 0.02 + 0.02
% reading | 54,0004, 0.1+0.1 0.2 +0.2 0.03 +0.03
+ % range |~ okkz 0.15 + 0.15 0.15 + 0.15
10 to 100kHz (0.15+0.15)+ (0.5+0.5)*log(f/10kHz) (0.1540.15)+ (0.5+0.5)*log(f/10kHz)
DCY//100-500kHz" 0.1 + 0.1// 0.023*f(kHz)
Current Sensors 0-150Apeak 0-400Apeak 0-600Apeak 0-700Apeak | Exposure of current inputs to their max. value
45 to 65Hz 0.004 + 0.004 0.004 + 0.004 0.002 + 0.002 0.01 + 0.01 will result in additional errors?
3 to 1000Hz 0.01 + 0.01 0.01 +0.01  0.01 +0.01 0.02 + 0.02 InlA:  0.03% * I
Input 0-100A precision current sensor (Option 04) connected to In1A input In3A: 0.003% * I?
3 to 100Hz 0.05 + 0.05 In30A:  0.0001% * I*
100 to 1000Hz 0.1+0.1
Linearity 500mA range: 130 % 100 % 50 % 10 % 5% Typical linearity at 50/60Hz
650.02mA 500.02mA 250.02mA 49.979mA 24.997mA
Shunt Sensitivity: 60mV/A. For an external shunt with 1mV/A scale by 60.0

Current Scaling I1-16

| Individual current scaling factors of every phase. Use pop-up number pad. Format 2000.8.

Measured & Computed Current Values

RMS current Arms = (1/T "o A% dt)/* includes all harmonics Current distortion Athdl = (Arms? — A01%) 2 / Arms, ?

Mean current Amean = 1/T "lo Adt, dc-component of current Harmonic current distortion Athd2 = (£An?)'2 / Arms, n = 2,3, ... 40

Rectified mean current | Arect = 1/T TJoIAl dt, rectified mean current Current crest factor Acf = Amax / Arms

Peak current Amax = maximum current in time interval Current form factor Aff = Arms / Arect, is 1.1107 for sine wave
Current fundamental A01 = fundamental current of FFT

1) Typical max. Errorz) Used for frequency inverter
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Power Measurement

W range = voltage range times current range 112 power ranges
Standard accuracy 23°C + 1°C High precision
Input PF In1A, In5A, Shunt In1A, In5A, Shunt
45 to 65Hz 0-1 0.16 + 0.16 0.04 + 0.04
45 to 65Hz 0-0.05 0.01 + 0.01
3 to 1000Hz 0-1 0.2 +0.2 0.1+0.1

% reading 1 to 20kHz 0-1 0.2+(0.2 + 0.2*log (f/100Hz) + 0.08*k1*log (f/100Hz))

o 20 to 100kHz 1 %error (A+V) %error (A+V)

+% range | "pci);i100-500kHZD 1 0.2 + 0.2// add %error (V+A)
Input PF In30A Current Sensor 0-100A
45 to 65Hz 0-1 0.16 + 0.16 0.1 +0.1
3 to 1000Hz 0-1 0.2+(0.2+0.2 * log(f/3Hz) + 0.1 *k1 * log(f/3Hz)
DCY 0.2+ 0.2 0.1+0.1
PF 1 0.9 0.8 0.7 0.6 0.5 04 0.3 0.2 0.1 0 ki = (2 -PF*) / (1+PF?)
kio5 074 097 118 138 155 170 183 192 198 2.00  Typical max. error
W Linearity 130% 100% 50% 10% 5% Typical linearity of voltage, current
Volt 130.00 100.00 49.985 9.9992 4.9990 and power
Ampere 6.5004 5.0014 2.5020 500.82m  250.40m
Watt PF=1 844.74 500.07 125.05 5.0056 1.2522

Measured & Computed Power Values

Active power W = 1/T Tou-i dt, total power in W Fundamental power W01 = A01 - VO1 - cos ¢01, ¢01 = phase

Apparent power VA = Arms - Vrms, total apparent power VA Fundamental apparent power VAO1 = A01 - V01

Reactive power Var = +(Papp? — Pact?)!?, reactive power Var Fundamental reactive power Var01 = (VA01% — W012)*2, magnitude only

Power Factor PF = Pact / Papp, includes all harmonics Power of distortion D = VO1(ZAn®)Y2, n = 2,3, ..., 40; D in Watt
Power Factor of Fundamental PF01 = W01 / VAO1

Frequency Measurement

SyncA: 2Hz-5kHz Accuracy: 0.05 %

SyncV: 2Hz-150kHz Accuracy: 0.05 %

S_Extv: 2Hz-150kHz Accuracy: 0.05 %

S_ExtVis a TTL output for SyncA/V or a TTL input for S_ExtV Sync for each phase
Measured & Computed Values

Frequency | Freq =zero crossing of A, V, Ext; SYNC I, SYNC U, Ext; Accuracy 0.05%

Energy Measurement

Wh, VAh, Varh, Ah, integration time. Add accuracy % of values involved.
Reset sets all values to zero. Integration runs uninterrupted, also in the background.

Measured & Computed Values

Energy Wh = o Pact - dt, active energy in Wh Battery charge Ah = Yo Arect - dt, is positive only
Apparent energy VAh = Yo Papp - dt, use it for long term PF Elapsed time time = Yo dt, time in hours since RESET
Reactive energy VAR = Yo Prea - dt, can be positive / negative Time Accuracy: 0.05 %

Harmonic Measurement

Frequency range of fundamental 3Hz — 15kHz FFT averaging:
Harmonics: V and A: 1-88; W and phase angle 1-21 Set FFT ID =0, 1, 2, 3, 4 which corresponds to averaging over 4, 16, 64, 256,
Accuracy: Fundamental?, use % figures of V, A, W or 1024 periods.

Harmonic Display: Select button ‘FFT Table’ to view current-, voltage-, power-, impedance-, and phase harmonics 1-40. A single harmonic can be dis-
played by selecting A FFT, V FFT or W FFT. The whole range of harmonics can be read via interface.

Measured & Computed Values

Magnitude impedance | Mag Z = V01 / A01 fundamental | Phase of fundamental | Phi01 = phase V01, A01
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Additional Computed Values

Accuracy: Add % figures of values involved

| 65 values per phase

Rectified mean, VA, Var, impedance, distortion factor, power factors, motor- and transformer values, sums, ratios, analog inputs and -outputs, speed
inputs, and more are continuously updated and ready for display or interface output.

1) Typical max. Error

Measured & Computed Values

Sum1 of power

Suml = Pactl + Pact2 + Pact3; Power phase 1+2+3

Ratiol of power

Ratiol = Pact4 / Pactl + Pact2 + Pact3

Sum?2 of power

Sum2 = Pactl + Pact2

Ratio2 of power

Ratio2 = Pact3 / Pactl + Pact2

Sum3 of power

Sum3 = Pact4 + Pact5 + Pact6; Power phase 4+5+6

Ratio3 of power

Ratio3 = Pact2 / Pactl

Sum4 of power

Sum4 = Pact4 + Pact5

Ratio4 of power

Ratio4 = Pact4 + Pact5 + Pact6 / Pactl +Pact2 +Pact3

Sumb5 of power

Sumb5 = not used

Ratio5 of power

Ratio5 = Pact6 / Pact4 + Pact5

Sumé of power

Sumé6 = not used

Ratio6 of power

Ratio6 = Pact5 / Pact4

Motor Measurement

Measured & Computed Values from phase
1, phase 2, phase 3

Measured & Computed Values from phase 4,
phase 5, phase 6

Mechanical input power

Pin = electric power applied to motor

Mechanical input power

Pin = electric power applied to motor

Mechanical output power

Pout = Pin — Pin at no load in Watt (Loss)

Mechanical output power

Pout = Pin — Pin at no load in Watt

Torque Torque = Pout - polesl / 4 - - frequencyl Torque Torque = Pout - poles / 4 - &- frequency2
Slip Slip = 1 —fout / fin Slip Slip = 1 —fout/ fin

Rotation per minute rpm = 120 - frequencyl / polesl Rotation per minute rpm = 120 - frequency / poles

Efficiency efficiency = 1 — Pin at no load / Pin Efficiency efficiency = 1 — Pin at no load / Pin

Transformer Measurement

Measured & Computed Values from phase 1 and phase 2

Vrect, rms corrected

Vcorrected = 1.1107 - Vrect

Loss resistance

Equivalent loss resistance = Pactl / Arms?

Corrected power

Corr power = Pact 1/ (0.5 + 0.5 - Vrms / Vcorrected)

Loss inductance

Equivalent loss reactance = Prea 1 / Arms?

Loss factor Q

Q = tan X/R, where Z=R + jX

Turn ratio

Turn ratio = N2 / N1 = Vrms2 / Vrms1, no load

Analog Input / Output

Analog Input

Analog Output

4 Analog inputs (11-14)

2 analog inputs (I5-16)

2 TTL auto ranging speed
inputs 20Hz-150kHz

+5V, 100kQ input impedance, accuracy 0.2%?
+10V, 100kQ input impedance, accuracy 0.2%"
Accuracy 0.1%?Y. Reading rate in Standard-Mode
0.5sec, reading rate in Power Speed-Mode 20ms
Each input can be scaled 0.0001 up to 99999

12 analog outputs
(01-012)

+5V, 1kQ output impedance, accuracy 0.2%?
Update rate 0.5sec. Arms, Vrms, W, VA, Var, PF,
Frequency, and Wh can be sent to the analog
outputs. In Logging- and Power Speed-Mode
outputl is an actuator to Start/Stop ext. devices.

Scaling An1-An6

Individual analog scaling. Use pop-up number pad. Format 10.0.

Scaling rpm1-rpm2

TTL freql/rpm1 and freq2/rpm?2 scaling. Use pop-up number pad. Format 2.0. For 180 pulses per turn, scaling = 1.0000

Four Measuring Functions

Standard 1 to 6 phase, measures all electrical values at 0.8s updates or 100ms updates.
Logging Up to 48 values in 20ms, or long time averaging up to 10 minutes.
Transient Simultaneous V-, A-, W-waves on 6 phases, time 0.25 to 16 seconds.

Power-Speed

Measures in 20ms intervals V, A, W, VA, Wh, VAh, speed of rotating devices.

1) Typical max. Error
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Interface

USB connection to Host Computer for downloading
measurement data (Windows Mobile Device Center)

10/100 Mbps Ethernet interface (Up to 230.4kBaud)

s @ PHASES @

RS232 Interface

(Up to 115.2kBaud)

or
USB Interface

(Up to 921.6kBaud)

Analog Input / Output connector (37-pole)

GPIB, IEEE 488.2 (Set address 1 to 30, store in setting)

Saving and Recalling 108A Setting Configurations

Save your personal setting in S01, or S02,...., or S20. The 108A starts up in setting S01. With Load Setup you can change to your personal setting.

If start up in your setting is required store it in SO1.

Continuous Storing of Measurement Data

Select the storing interval (1s, 2s, 3s,...). Select storing location D01, or D02,..., or D20. All values displayed on page 1 are stored at set time interval in
EXCEL compatible format.

Servicing and Calibration

Servicing: Replacement amplifier boards from the factory are calibrated (no re-calibration is required). All other boards can simply be exchanged.
Calibration: Enter calibration code, follow calibration instructions. Apply 60Hz, 1.5mA - 20A, and 0.3V - 1000V. Calibration cycle 2 years.

General Technical Data

Dimensions Metal housing H x W x D; 148 x 355 x 335mm
Weight Maximum 7kg, 6-phase
Display TFT color display, 155 x 94, 800 x 480 pixels, 262k Colors, Wide viewing angle (X-Y) 170°
Operation By touch screen, wireless mouse or interface
Mains 90 - 256V, 47 - 63Hz, 40VA
Warm up time 25 minutes
Calibration cycle 2 years
Inputs 4mm safety sockets, 3-pol Amphenol socket
Temperature range Operation 2 to 32°C, storage -10 to 50°C
Standards Electrical safety EN61010-1, 1000V CAT II
Emission IEC 61326-1, class B
Immunity IEC 61326-1
Dielectric Strength Line input to case: 1500V ac

Measuring inputs to case: 2500V ac
Measuring inputs to measuring inputs: 2500V ac
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4,

OPERATING THE POWER ANALYZER FROM THE FRONT PANEL

Apply line voltage 90Vac to 264Vac, 47 — 63Hz, and turn on rear panel power switch. The
Power Analyzer requires 30 seconds for start-up.

Common to all four measurement functions (Standard, Logging, Transient, and Power-Speed)

the following actions are needed:

Important:

Select current inputs (IN1A, IN5A, IN30A, SHUNT: 2 touches)
Select current range, or AUTO ranging (2 touches)

Select voltage range, or AUTO ranging (2 touches)

Select measurement synchronization (Syncl, SyncU, Ext, 2 touches)
Select measurement duration (2 touches)

Select wave form on or off (2 touches)

Select HOLD or RUN or coupling AC or DC+AC (1 touch)

Select FFT-TABLE (harmonics of current, voltage, power and phase angle) of one
phase (1 touch)

Select FFT-BAR of one phase (1 touch)

RESET charge, Wh, VAh, Varh, and time (1 touch)

Select new display page 1, 2, 3, 4, (5) (1 touch), page (5) for harmonics

Select different value on display line (2 touches)

Select new measurement mode (2 touches)

Select scaling A/V, Baud, GPIB address, Cycles, Transient ID, FFT-ID,

Select suppress, time, save setup, load setup and scaling of analog inputs and fre-
quency inputs. (Example Scaling 13: 2000.5 needs 9 touches).

Select display of phase L1-L4 or L3-L6 (1 touch)

synchronization on different phases for all measurement modes.
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4.1 OPERATIONS IN STANDARD MEASURE MODE

The Power Analyzer starts up in Standard Measure Mode as shown in Figure 4.1. The touch
control buttons to the right and at the bottom set operating conditions, and the control buttons
to the left set display quantities. The buttons along the top are used to select individual set-
tings for every phase (current input, ranges, and synchronization). The buttons are controlla-
ble by a click of the mouse, or by a touch using the supplied pointer, or just using a finger.

19.129m 15.105m 16.489m
-54.480n -44.703n 109.43n

7.7278u 6.3453u 7.1244u
000.00m 000.00m 000.00m
000.00m 000.00m 000.00m
000.00m 000.00m 000.00m
79:998 (179.900 | 75999

Figure 4.1 Start-up configuration of Power Analyzer
Along the top of the display you find phase, current input, synchronization, voltage- and cur-
rent range, and over (red) - and under (yellow) range indication.
For touch screen operation we highly recommend to use the mouse. An unintentional

double click for critical operations, such as loading a new setting, may lead to stalling.
Should this happen, you must restart the Power Analyzer (off / on).

411 SELECTING MEASURE MODE

Touch —5 pop-up window Standard Default
Logging
Transient
P-Speed Option

Touch desired Measurement Function
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41.2 SELECTING CURRENT INPUTS USING SAME INPUTS FOR ALL PHASES

Touch — pop-up window IN 1A
IN 5A Default
IN 30A
SHUNT

Touch desired current input

4.1.3 SELECTING INDIVIDUAL CURRENT INPUTS PER PHASE

Touch the phase button [L1] along the top of the display. The button turns to green, indicat-
ing to be ready for phase L1 current input- and range selection

Touch | IN 5A choose the input from IN 1A
pop-up Window IN 5A

IN 30A

SHUNT

We recommend, as a next step, to also select the current range for phase L1.

Touch |AUTO A

Select from the pop-up window the
desired range or auto ranging

1A Input 5A Input 30A Input Shunt Input
1.5mA 15mA 1A 60mV

5mA 50mA 3A 180mV
15mA 150mA 10A 600mV
50mA 500mA 30A 1.8V
150mA 1.5A 100A 6v

500mA 5A AUTO A AUTO A
1.5A 15A

AUTO A AUTO A

Continue above process to set the current inputs of other phases.
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41.4 SELECTING CURRENT RANGE USING SAME RANGE FOR ALL PHASES

The available ranges depend on the current input selected.

IN 1A: 1.5mA, 5mA, 15mA, 50mA, 150mA, 500mA, 1.5A.

IN 5A: 15mA, 50mA, 150mA, 500mA, 1.5A, 5A, 15A.

IN 30A: 1A, 3A, 10A, 30A, 100A.

SHUNT: 60mV, 180mV, 600mV, 2V, 6V. Shunt sensitivity: 1A/60mV.
Using a current clamp with output TmV/A enter scaling factor 60.

Touch — pop-up window 15mA
50mA
150mA
500mA
1.5A
5A
15A
AUTO A Default

Touch desired current range. Power Analyzer is now in manual current ranging.
“‘AUTO A” selects automatic current ranging.

NOTE: If none of the phase buttons is green (phase selected), the range selection is valid
for all phases. If one phase button is green the range selection is valid for the selected
phase.

41.5 SELECTING VOLTAGE RANGE USING SAME RANGE FOR ALL PHASES

Touch —> pop-up window

0.3V
1V

3V
10V
30V
100V
300V
1000V
AUTOV Default

Touch desired voltage range. Power Analyzer is now in manual voltage ranging.
“‘AUTO V” selects automatic voltage ranging.

NOTE: Individual voltage range selection for every phase is possible. Touch the phase
button along the top of the display, touch AUTO V and select from pop-up window desired
voltage range.
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4.1.6 SELECTING MEASUREMENT SYNCHRONIZATION USING SAME SYNCHRONI-
ZATION FOR ALL PHASES

Touch —> pop-up window

Sync A 2Hz-5kHz Default
Sync V 2Hz-150kHz
S _ExtV 2Hz-150kHz

Touch desired measurement synchronization. For precise AC-measurements at low frequen-
cies a periodic wave form is required. If you are measuring voltages only, you must select Sync
V. If you are measuring current only, you must select Sync A.

NOTE: Individual synchronization for every phase is possible. Touch the phase button
along the top of the display, touch SYNC A and select from pop-up window desired syn-
chronization.

4.1.7 SELECTING AVERAGING TIME
Touch — pop-up window

100ms
500ms
De- 1s fault
2s
8s
32s

Touch desired averaging time. Arms, Arect, Amean, Vrms, Vrect, Vmean, W, VA, Var,
and frequency are averaged over selected time.

Display update occurs at 0.8 sec intervals also in the “Fast” mode.

Fast: New data are available at 100ms intervals. “Fast” mode can be used to read new
data via interface at the rate of 10 datasets per second.

4.1.8  SELECTING DisPLAY PAGES

Touch — increments to Default: Page 1
Touch — increments to

Touch — increments to

Touch —> resets to

Every PAGE displays 8 user programmable measurement quantities. Programmed quan-
tities on a display line are valid for all phases L1 ... L6.
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41.9  SELECTING WAVE FORMS (GRAPH)

Touch |WAVE | — pop-up window for 3-phase
instrument. Wave 1

Wave 2
Wave 3

OFF

Touch desired phase L1, L2, or L3. Touch OFF to exit wave display.

The lower 3/8 of the display shows current- (blue), voltage- (black), and power waveforms
(red) of selected phase. For a consistent display a periodic zero crossing is required.

NOTE: When displaying waveform, the button “FFT Table” is greyed (disabled).

4.1.10 SELECTING DiIsPLAYL1TOL4ANDL3 TOLG

Power Analyzers for 5-, or 6 phases have the choice to select display of L1 to L4 or L3 to
L6. Touch |L1 - L4|. The button toggles to |L3 - LG,

4.1.11 SELECTING FFT TABLE AND FFT BAR GRAPH

Touch [FFT Table.| The button will toggle to [FFT L1|. At the same time the button
FFT Baj is activated which lets you select the bar graph of phase L1.

This action will display harmonics of current, voltage, power, and phase on 5 pages

(PAGE H1, H2, H3, H4, H5). Harmonics 1-40 of current and voltage, and harmonics 1-20

for power, and phase angle. Phase angle is displayed in a range £180°.

Limitation: The maximum fundamental frequency for harmonic computation is 15kHz.
The minimum fundamental frequency is 5Hz

Touch [FFT Bar. This displays harmonic bar graphs in percent of fundamental of current,
voltage, and power. Touching FFT Bar a second time turns off the bar graph.

Touching [FFT L1| will increment it to [FFT L2, to [FFT L3| and so on up to the number of
phases installed and will return to |[FFT Table

41.12 SELECTING AC oR DC+AC-COUPLING
Touch [AC+DC], the button toggles to |AC,.

AC: Arms, Vrms, W, and VA are measured excluding DC.
Amean and Vmean are independent of AC, or AC+DC.

DC+AC: Arms, Vrms, W, and VA are measured including DC.

Reminder: The rms value of a 50Hz component and a DC component is equal to the
square root of (50Hz component squared + DC component squared).
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4.1.13 SELECTING DispLAY RUN AND DispLAY HOLD

Touch RUN| the button toggles to HOLD|.

The display update is halted. In the background the continuous measurement process
goes on. This guarantees correct energy- and charge measurements (Wh, VAh, Varh,
Ah).

If USB memory stick is inserted, measurement data on hold are also stored on memory
stick with filename 108A_data_HOLD.

4.1.14 RESETTING ENERGY
Touch Reset Wh. This will reset all energies, charge, and time (Wh, VAh, Varh, Ah, time).

4.1.15 SELECTING DISPLAY QUANTITIES

Touch one of the 8 buttons to the left of the display. This pops-up the value selection table
(Figure 4.2). Touch the button of the desired quantity. This will replace the previously dis-
played quantity with the new one.

Arms Amean Arect A01 Ah HELP
CURRENT

Amax A CF A FF A THD1 | A THD2 A FFT

Vrms Vmean Vrect ‘ Vo1 Vptp Vmin
VOLTAGE
VECE V FF ‘ V THD1 | V THD2
A VAR wWo1 Q1

Watt V. VAO1

POWER

D P P Wi V

F FO1 h Ah
OTHER |Z01] Phi01 ‘ Time VARh

Specval 1 | $1|52|S3 | S4]|S5]S6 | R1|R2|R3| R4|R5|R6 | M1 1 - 3| M1] 4- 6

W FFT

Specval 2 | T1|T2|T3 | T4|T5|T6 | A1|A2|A3| A4|A5|A6 | m2] 1 -3|m2]| 4-6

Figure 4.2 Value Selection Table of all available quantities which can be displayed.
Touching “A FFT”, “V FFT”, or “W FFT” lets you select Harmonics 2 to 13.
Touching “HELP” pops up the help window explaining the special values.
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Exception 1: Touching A FFT, V FFT, or W FFT will activate a pop-up window
from which you can select one out of the first 13 harmonics.

Exception 2: Touching one of the special values at the bottom of the value se-
lection table, such as S1|S2|S3, will always display 3 values, some
of them may be zero.

Special values are:

SUMS: S1|S2|S3, S4|S5|S6; Definition Table 3.2
RATIOS: R1|R2|R3, R4|R5|R6;  Definition Table 3.2
MOTOR: M1[1-3, M1|4-6; Definition Table 3.2
TRANSFORMER:  T1|T2[T3, T4[T5|T6; Definition Table 3.2
ANALOG: A1|A2|A3, A4|A5|AB; Definition Table 3.2
MOTOR?2: m2|1-3, m2|4-6; Definition Table 3.2

The HELP button defines the display quantities in a pop-up window. Figure 4.3 Definition
of Special Values.

sum (S) Ratio (R) Motor Trafo
S51=P1+P2 R1=F2/P1 M1 iml=Mec Power In Tl=1.11*Vrect
52=P2+P3 RZ=E3/P1+P2 M2 im2=Mec Power Out TZ2=Pcorrected
53=P1+P2+P3 R3=P3+P4/P1+P M3 |m3=Torgue T3=0fact
54=P3+P4 RA=PA/P1+P2+P3 M4 !m4=Slip T4=Rloss
55=P4+PhL RE=P4+P5/P1+P2 M5 !m5=Rpm/Speed Th=¥X equivalent
536=PA+P5+P6 R6=P4+P5+P6/P1+P2+PF3 M6 !mb6=Eta T6=N2 /N1
Analog In MATHEMATICAL DEFINITIONS USED BY THE POWER ANALYZER
Al (+ &5V) THD1 = ~ (Arms® — A012)/Arms
A2 {+ 5V) THD2 = VE{An?)/Arms; n = 2 .. 40
A3 (+ 5V) 01l = V(81 - P012)
A4 (+ 5V) D = ULV (A22 +...R402)
AL (£ 10WV) Ah = Arect * Time
As (£ 10V) V LTL = ﬁ312[{v1+v2} or (V2+V3) or (V3+V1l)]

V LTL = %3/2[(V4+VE) or (V5+V6) or (V6+vd)]

Esc

Figure 4.3 Help Table defining sums, ratios, motor1- and motor2 values, transformer
values, analog inputs, and harmonic distortion.
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4.1.16 MOTOR TESTING: Motor 1 values from phase 1, 2, and 3.
Motor 2 values form phase 4, 5, and 6.

A three phase Power Analyzer calculates 6 motor values (motor 1). To display these val-
ues select M1|1-3 on one display line and M1[4-6 on the next display line. Speed in rpm
must be entered via analog input-output option at speed 1/ freq 1 input terminal (Section
7). A rotating disc with 180 divisions yields rpm (rotation per minute).

A disc with 90 divisions requires multiplication by 2 to obtain true rpm. An external torque
transducer can be applied to one of the 6 analog inputs and can be displayed by selecting
either A1|A2|A3 or A4|A5|A6 from the value selections table. Scaling for analog inputs
and rpm, setting the number of motor poles, and storing idle motor power can be done via
SETUP or via Interface.

Using the Computer Operating Software the motor settings are basically using the follow-
ing Interface commands:

Write number poles=6: Command (Commands Section 5)
acqg:nr_pole1 6>CR LF

Write scaling rpm1 (2.0) Dis:rpm_sc12.0->CR LF

Write scaling torque 1 10.1 Dis:an_sc1 10.1-CR LF

(using analog input 1)

Motor 1 is running at no load. Send the Comp:mot1_Loss?

command. Power loss of motor 1 is 6 values are sent from the Power Analyzer
stored and from now on the motor 1 out- | to the PC. From now on the motor 1 output
put power is reduced by this loss. power is reduced by motor 1 loss.

A six phase Power Analyzer calculates motor values of two motors simultaneously. Motor
1 values from phase 1, 2, and 3. Motor 2 values from phase 4, 5, and 6. Display motor 2
values by selecting m1|1-3 and m1|4-6 in the value selection table. Use the speed 2/ freq
2 input for motor 2 rpm determination; a disc with 180 divisions yields rpm, needs no rpm
scaling.

An external torque transducer for motor 2 could be applied to analog input 2, or any other
of the 6 analog inputs.

Just like setting the parameters of motor 1 you must enter parameters for motor 2.

Write number poles = 4 : acq:nr_pole2 4 —- CR LF
Write scaling rpom 2 (4.0) : dis:rpm_sc2 4.0 »> CR LF

Write scaling torque 2 (8.5) : dis:an_sc2 8.5 - CR LF

Motor2 is running at no load. Comp:mot2_loss?

Send the command. Power 6 Motor Values are returned
Loss of motor2 is stored to the PC. From this time on
And from this time on motor2 output power is
motor2 output power is reduced by motor2 loss.

Reduced by motor2 loss

For more information on motor testing please read Section 10.

page 31



4.1.17 SELECTING SETUP
Touch SETUP|. The pop-up window, shown in Figure 4.4 lets you select the following in-

strument parameters:

W

Scale I1
Scale 12
Scale I3
4
5

i

1.0000
12| - £ +1.0000
o] [ i3 1.0000

Scale 16 [R4S%YY

i

W

Poles M1
Poles M2

JREER
H

Scale Ul
Scale U2
Scale U3
Scale U4
Scale U5
Scale U6

Scne
—
g
=
p—
)
—
—
—
—

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

Line 1
Line 2
Line 3
Line 4
Line 5
Line 6

Store Data (sec) [IE

Save Setup
Load Setup
Line 7 H AVG ON ’m
Line 8

| Cycles

) Supress m Transient IDnﬂ
. FFT ID _ﬂ Hours (Wh)

Store M1 Loss  GPIB addr m
H Esc Setup

| | |
ol ol ol o
o o ol ©
o O ol ©
S| O O] ©

Store M2 Loss Baud Rate

Figure 4.4 Setup Window for selecting instrument parameters

Scaling 11-16:

Scaling U1-U6:

Scaling An1-An6:
Note:

Scaling rom1-rpm2:

Cycles:

Suppress:

FFT ID:

OLine1...0Line8:

Individual current scaling factors of every phase. Use pop-up num-
ber pad. Format 2000.8.

Individual voltage scaling factors of every phase. Use pop-up num-
ber pad. Format 9.9427.

Individual analog scaling. Use pop-up number pad. Format 10.0.

AnG also scales the analog outputs of power at low power factor.

Individual TTL freq1/rpom1 and freq2/rpom2 scaling. Use pop-up
number pad. Format 2.0.

For Logging Measure Mode set 1 to 32000. Defines the measure-
ment duration per measurement set. Use pop-up number pad.
Format 160.

Toggles on and off. If on, small values of Arms, Vrms, and Watt
are setto 0.

Setto 0, 1, 2, 3, 4. Corresponds to FFT averaging over 4, 16, 64,
256 or 1024 cycles. FFT_ID=3 corresponds to 1.5sec averaging.

Serves two functions: If deselected, display line is off. If selected
display line is on and in case data storing is also on, the values are
stored in internal memory D01, D02, ..., D20. If USB memory stick
is inserted, measurement data are also stored on memory stick
108A _data 01, 108A _data_ 02, ..., 108A_data_20.
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Store Data: Select the desired storing interval in seconds. Press green “Store Data”
button and select D01...D20. The measurement data displayed on page
1 of all phases are stored in the selected data file Dxy (D01... D20) and
on the memory stick. Average of Arms and Vrms are not stored if se-
lected.

Stop Storage: Press “Stop Storage” press “Standard”, select “Standard” in submenu.
AVG ON: The average of 3 rms currents (phase 1 to 3 or phase 4 to 6) and 3 rms
voltages are displayed in red digits when AVG ON is checked.

This is valid only for values displayed on page 1 on line 1 and line 2

Transient ID: Setto 1, 2, ... 7. The transient ID determines the measurement duration

after start.
Transient ID Measurement duration
1 0.25 seconds
2 0.5 seconds default
3 1 second
4 2 seconds
5 4 seconds
6 8 seconds
7 16 seconds
Hours (Wh): If selected “OFF” energy computation runs continuously. Select “ON” and

set time in hours for Wh, VAh, Varh, and Ah summation. Touch
Reset Wh| button to start the energy summation. When time is reached the
energy display values are held at the final values.

Poles M1/M2: Set number of motor 1 poles and motor 2 poles, minimum 2, maximum
98.

Store Idle W:  Store idle power motor 1 or motor 2. When idle power has been stored,
motor output power (and torque) is computed from motor input power -
idle power (Store M1 Loss / Store M2 Loss).

Baud rate: SetBaudIDt00,1,2,3,4,5,6,7.
The Baud ID corresponds to:
Baud ID Baud Rate
0 9600
1 19200
2 38400
3 57600
4 115200 default
5 230400 [can be
6 460800 |used foﬂ
7 921600 |USB interface]
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GPIB addr: Set 1 to 30. Use pop-up number pad.

Save Setup: Give the setting your personal number. If you want that the Power Ana-
lyzer starts up in your preferred configuration you must store the setting
in SO1.

Load Setup: Recall your setting number

Calibration: Enter your personal code if okay =~ —> [Current Cal on|

™ Voltage Cal on|
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4.2
°

OPERATIONS IN LOGGING MEASURE MODE
Touch [Standard — pop-up window
Standard
Logging
Transient
P-Speed

Touch to switch to Logging function Measure Mode. The logging mode config-
ures the display, line 1 to line 8, as follows: Frequency, Arms, Vrms, W, PF, VA, Wh, and
VAh. These values are fixed; there is no access to the value selection table.

Caution: Before touching START] a valid synchronization signal must be ap-
plied to all inputs of the Power Analyzer. Not doing so the Power Ana-
lyzer may stall. Turn power off and restart again.

Example: Logging function is used on a 6-Phase Power Analyzer to measure a 3-
phase motor. Current synchronization is used.

Connect current 11 in series with 14, 12 in series with 15, and I3 in series with 16 to syn-
chronize all 6 phases at the same speed. For data analysis use data from phase 1, 2, and
3 only.

421 VALID SYNCHRONIZATION

A valid synchronization for Logging is current or voltage, or both applied to every phase of the
Power Analyzer. The synchronization frequency must be in the range 5Hz to 2kHz for current
(Sync A), 5Hz to 10kHz for voltage (Sync V).

DC-

current and DC-voltage can be measured too (DC-motors). For DC use an external TTL

synchronization (5Hz to 10kHz), apply it to the rear panel Sync1, Sync2, ... Sync6 inputs and
select “S_Ext V.

Example:  2-phase Power Analyzer: Connect Sync1 and Sync2 to TTL-signal.

3-phase Power Analyzer: Connect Sync1, Sync2, and Sync3 to TTL-signal.

4.2.2 SELECTING CYCLES

Please note that CYCLES is set in the SETUP menu accessible in the STANDARD mode.

Touch SETUP,. In the pop-up window Figure 4.4
Touch CYCLES]. Use the pop-up number pad. Enter the number of Cycles, minimum 1, max-

imum 32000.
Hint: Number of cycles divided by applied frequency must be greater than 10ms
Also, use a high RS232 baud rate for fast data transmission.
® In Logging Measure Mode 8 values per phase are measured. These are: frequency,

Arms, Vrms, W, PF, VA, Wh, and VA. The buttons to the left of the display are deactivat-
ed (greyed). There is no access to the value selection table.

Logging can be started from the display or from the computer interface.
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4.2.3 WHAT HAS TO BE OBSERVED WHEN USING LOGGING?

A valid synchronization signal must be applied before pressing [START] or before sending
the interface command acq:go.

Cycles divided by frequency of synchronization determines the time for one measure-
ment.

Example: “Cycles” set to 1, frequency of synchronization is 50Hz (1/50Hz = 0.02sec).
Time interval for one measurement = 0.02 sec.
If “cycles” is set to 30000 the time for one measurement is
30000 - 0.02 sec. = 10 minutes.

To read Logging data from the 108A via Interface use commands COMP:LOG17? or
COMP:LOG2? (Table 5.4).

For fast data acquisition use manual ranging. Select ranges such that no severe over-
loads occur.

To transmit data from a 6-phase Power Analyzer via RS232 to a PC within 20ms (time
interval for measurement) the Baud Rate of 460800 Baud must be selected or use the
IEEE-Interface.

To catch data from a short term transient process we recommend: Start Logging and
slightly delayed start the process.

Measurements on frequency inverters must be synchronized to current or to an external
frequency. Do not use synchronization to voltage.

In Logging Measure Mode the display updates in 0.8 second intervals.

60.125 59.993 ' 50.027
578.75m 5689.84m 499.21m
255.01 25420 23659
30062 85954 57303

=203.68m 593.57m 485.15m

| 147.58 19480 118.11
_—2??.51111 7B4. 7dm 529.50m
1.3627 13218 1.0901

Figure 4.5: 108A display in Logging Mode.
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4.3 OPERATIONS IN TRANSIENT MEASURE MODE

® Touch —> pop-up window

Standard

Logging
Transient
P-Speed

Touch to switch to the Transient Measure Mode

Please note that TRANSIENT ID is set in the SETUP menu accessible in the STANDARD
mode.

Before pressing START synchronization to all phases of the Power Analyzer is re-
quired.

® Touch SETUP| — touch [Transient ID|. Select 1, 2, 3,4,5,6o0r7

Transient ID Transient Measurement Duration

0.25 seconds
0.5 seconds Default
1 second
2 seconds
4 seconds
8 seconds
16 seconds

~NOoO O, WN =

4.3.1 WHAT IS MEASURED IN TRANSIENT MEASURE MODE?

Upon touching the button all phases start measurement at the same time. The start
delay between different phases is less than 1 microsecond.

The duration of measurement is determined by the SETUP variable “Transient ID”. Default
Transient ID = 2 corresponds to 0.5 seconds measurement time. If required, you can scale
currents and voltages.

Every phase samples current, voltage, and power. The time relation between phases is pre-
cisely maintained. When measurement is done, all wave forms are displayed. Touching a
zoom sector allows for enlargement of up to 256 times. Select to display wave forms
of phases L4, L5, L6.

Touch to return to the original wave forms.

4.3.2 Two WAYS To USE TRANSIENT MEASURE MODE

® Quick viewing of wave forms in Standard Measure Mode.

Touch [Standard), touch [Transient, touch [START].
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Assuming you are measuring in a 50Hz/60Hz 3-phase system you obtain on one pitch all
wave forms. Zoom once to obtain 5 to 6 periods of all wave forms in precise phase relation to
each other. This is assuming you have selected Transient ID = 2.

If you wish zoom more to view details.

Touch , touch Standard| to return to previous measure mode.

® View Wave Forms of System in Transient State
The system can be 1 to 6 phase:

3 phase or multi-phase rotating device being started or being loaded.
DC motors starting or being loaded.

Accelerating or recuperating electric cars.

Start-up behavior of large electromechanical system.

® For this kind of measurements you must use broad band current sensors and must select
AC+DC coupling of the Power Analyzer.

® Select Transient ID that fits best to your measurement.
® You must select proper current- and voltage ranges, to avoid serious overloads.

® Start the transient measurement then start your system.

m!:edn lwm&‘w ctor | Zoom Sector zoums«tn

Figure 4.6 Shows the transient display of a 3-phase Power Analyzer.

The three values to the left are rms current, rms voltage, and average power of the displayed
wave forms.
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4.4 BAsics OF POWER-SPEED MEASURE MODE (OPTION)

Power-Speed measurements are performed on single- and three-phase AC- or DC systems.
The external speed input is applied to TTL-Speed1 of the analog input - output option. If not
installed the speed will be zero.

Use an optical speed sensor with a rotating disc of 180 divisions. Apply its TTL-output to the
speed1 input to obtain speed values in rpm (rotations per minute). The range of frequency of
the TTL speed1 input is 20Hz to 150kHz. Maximum rpm with a disc of 180 divisions is
(150000 / 180) 60 = 50000 rpm.

441 WHAT Is MEASURED IN POWER-SPEED MEASURE MODE

The Power Analyzer input can be DC from a battery, or AC from power line, or AC from fre-
quency inverter. Upon START the Power Analyzer measures in 20ms time intervals Arms,
Vrms, Wtotal, VAtotal, Whtotal, VAhtotal, and rotating speed in rpm (rotation per minute).
Where Arms and Vrms are averages of 3 phases, of the 20ms measurement interval.

When the [START] button is touched analog output1 is set 20ms later from 0V to 5V. It can be
used to activate the system under test. Datasets are stored in internal memory.

Upon pressing measured values versus time are displayed. Maximum duration of
power — speed measurement is 10.7 seconds, amounting to 535 datasets in 20ms time in-
crements. This time is sufficient to monitor the start of an electric car. Values such as current
peaks, voltage dips, consumed energy, maximum speed, and maximum acceleration are pa-
rameters of interest to the manufacturer.

If you insert a memory stick on the rear panel the complete data set is displayed on the 108A
display and also stored on the memory stick for off-line analysis in Excel.

442 OPERATIONS IN POWER-SPEED MEASURE MODE

® Touch |Standard — pop-up window

Standard
Logging
Transient
P-Speed

Touch |P-Speed| to switch to the Power-Speed Measure Mode.

® Correction factors for single phase systems. Multiply Vrms and Arms by 3.
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® Set Voltage range according to supply voltage applied to load under test

Touch |AUTO V| — pop-up window

0.3V

1V

3V

10V
30V
100V
300V
1000V
AUTO V

Touch appropriate voltage range (Do not use AUTO V).

® Set current input. You must set the current range based on the estimated maximum rms
current. Many applications experience currents larger than 40A. If so, use external current
sensors capable of transmitting DC currents.

Example: Estimated current is 100A. A 3-phase current sensor module 0-100A, DC to

100kHz, with output 50mA at 100A primary current is used. Select Current In-
put In1A and range 50mA.

Touch —> pop-up window

IN 1A
IN 5A
IN 30A
SHUNT

Touch [IN 1A]. Use the 1A-adapter. Connect it to the rear panel 3 pole socket.

® Set current range

Touch —> pop-up window

1.5mA
5mA
15mA
50mA
150mA
500mA
1.5A
AUTO A

Touch to select desired current range. (Do not use AUTO A)
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Enter the SETUP window in standard measure mode. Set phase 1, 2, and 3 scaling fac-
tors by entering the scaling factor written on the 3-phase current sensor module

Touch [START]| and turn on the system under test.
Alternatively start your system by using the 0 to +5V signal of analog output1.

After system reached steady state

Touch @ — returns to and Power Analyzer will plot seven functions versus
time. Four functions at the top (voltage, current, power, speed), and three functions at the
bottom of the display (energy, apparent power, apparent energy).

If you have inserted a memory stick on the rear panel, all measurement data are also
stored on the memory stick for off-line analysis.

The left side of the display shows maximum values of Arms, power, energy, rpm, Vrms,
Wh, and Vah during the run.

All data sets are written to the USB memory stick for off-line analysis.

300V 1.5A | 300V 1.5A

250.6V

601.7VA
1.2VAh

Figure 4.7 Graphs of Current, Voltage, Power, Apparent Power, Energy,
Apparent Energy and rotating speed versus time.
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5. OPERATING THE POWER ANALYZER USING A COMPUTER INTERFACE

The following interfaces are available:

® USB for wireless mouse

® |EEE-488 on rear panel using the Computer Interface Command set.

® RS232 on rear panel using Computer Interface Command set.

® USB on rear panel using Computer Interface Command set.

® USB memory stick for measurement data storage, or downloading 108A software update.
® FEthernet interface on rear panel using Interface Command set.

® 6 analog inputs and two TTL inputs 0-150kHz for external transducers.

5.1 WHAT HAs To BE OBSERVED WHEN USING AN INTERFACE

The RS232 cable must be one-to-one connected. Use shielded cables.

Keep interface cables at least 10cm from Power Analyzer current- and voltage input cables.
Current- and voltage transients may couple into interface cables and can cause communica-
tion errors or even failure.

Every command must be terminated with CRLF (carriage return, line feed) or with EOI (end or
identify) using IEEE-488.

5.2 WHAT HAS To BE OBSERVED WHEN USING THE INTERFACE COMMAND SET

® All commands listed in the table are assuming that a 6 phase Power Analyzer is used
and thus PH_START =1 and PH_END=6. If you are using a 3-Phase Power Analyzer
Ph_START=1 and PH_END=3.

® In response to the command VOLT:MEAN?CRLF the 6 phase instrument sends Vmean
of six phases, and the 3 phase instrument sends Vmean of three phases. Every value
consists of 8 ASCII characters, e.g. -999.58m. The string for a 3 phase instrument could
look like this:

VOLT:MEAN?CRLF — 999.58m 200.01m-1.0008 CRLF (26 ASCII characters).

The string length is 24 characters followed by the terminators CR (carriage return) LF
(line feed).

¥  One or several Control Commands marked with % must be terminated with the control
command DISplay:UPDATE. This assures that changes are transferred to the display
processor to also update the display panel.

Suggestion: Send first all required control commands, such as CURRent:SC1 <R>, AC-

Quire:AUTO_V, ACQuire:INput, etc. one after the other; when done, send DISplay:UPDATE
to transfer all changes to the display processor.

page 42



The capital letters in the command list are mandatory. They can be sent upper case or
lower case. The lower case letters in the command set can be added if desired.

<R> = decimal number, e.g. 2000.5. It follows the command with one space.
<N> = integer number, e.g. 32000. It follows the command with one space.
Every command must be terminated with CR/LF (carriage return / line feed).

Query commands are terminated by a question mark and CR/LF. The Power Analyzer
returns measurement values.

Example: volt:rms?CRLF returns rms voltages of all phases.
curr:sc1?CRLF returns scaling factor phase 1.

The question mark follows the command without space

Set commands. Examples of set commands:

CURR:SC3 <R>; CURR:SC3 2000.5CRLF, sets current scaling factor phase 3
to 2000.5. There is one space between SC3 and 2000.5.

FORM:PH_END <N> FORM:PH_END 3CRLF, sets phase end to 3.
If you are using a 6-phase Power Analyzer the query
volt:rms? returns 3 voltages phase 1, 2, and 3.

DISP:BATCH command is used to configure up to 4 pages (32 lines) of the display in a
single batch. The following example shows how to reconfigure the first 6 lines
on page 1.

DISP:BATCH A02A03A04A36A06A83CRLF. This command reconfigures the first 6 lines
of the display page 1. The batch values of all displayable quantities you find in tables 3.1
and A83 you find in table 3.2

A02 rectified mean current on display line 1
A03 rms voltage, on display line 2
A04 DC-voltage, on display line 3
A36 fundamental voltage V01, on display line 4
A06 active power, on display line 5

A83 ratio 1 = Pact2 / Pact1 in display column 1, line 6
ratio 2 = (Pact1 + Pact2) / Pact3 in display column 2, line 6
ratio 3 = (Pact3 + Pact4) / (Pact1 + Pact2) in display column 3, line 6

Maximum 32 batch values Axy can be sent. Using Table 3.2 sums, ratios, motor values,
transformer values, analog inputs, and frequency inputs can be displayed.
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® Composite commands Table 5.1 using a 3 Phase Power Analyzer.

COMP:CMP1?

COMP:CMP2?

COMP:CMP3?

COMP:DSP1?

COMP:SUMS?

COMP:RATIO?

COMP:MOTOR1?
COMP:MOTOR2?

COMP:MOT1_Loss?

COMP:MOT2_Loss?

COMP:TRAFO?

COMP:ANIN?

COMP:VLTL?

returns:3 Vrms, 3 Arms, and 3xW, terminated with CRLF. The
data string is: Vrms1, Vrms2, Vrms3, Arms1, Arms2, Arms3,
W1, W2, W3, CRLF. Where Vrms1 = voltage phase 1, etc.
The string length is 9 x 8 + 2 = 74 ascii characters.

returns: 3 Vrms, 3 Arms, 3 W, 3 VA, 3 PF, 3 Wh, 3 elapsed time.
Data string length = 21 - 8 + 2 = 170 ascii characters.

3 V1,3 A1, 3WH1, 3VA1, 3 PF1, 3 Z1, 3 Phi1. V1, ... Phi1 are
FFT-values of the fundamental frequency.

returns the displayed values of display line 1, 2, 3, and 4 of page 1.
For a 3-phase instrument there will be 12 quantities.
For a 6-phase instrument there will be 24 quantities.

returns SUM1, SUM2, SUM3, SUM4, SUM5, and SUM6
defined in table 3.2. Note: SUM4, SUMS5, and SUMG6 are zero
when a 3-phase power Analyzer is used.

returns 6 ratios, these ratios define efficiencies. Use the
defined ratios in table 3.2 and hook up the Power Analyzer
accordingly.

Example: ratio 1 = Pact2 / Pact1. It requires connecting the
system input to phase 1 and the system output to phase 2.

Returns 6 motor1 values from connection to phase 1, 2, 3.
Returns 6 motor2 values from connection to phase 4, 5, 6.

returns 6 motor values when motor1 is idling. It stores motor loss
and is then used in command COMP:MOTOR1? To calculate mo-
tor output power on the drive shaft.

returns 6 motor values when motor2 is idling. It stores motor loss
and is then used in command COMP:MOTOR2? To calculate mo-
tor output power on the drive shaft

returns 6 transformer values from phase 1 and phase 2 at idle
and short circuit.

returns the values of 6 analog inputs. 4x £5V and 2x +10V inputs.

returns 6 line to line voltages according to definition at end of
table 3.2.
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5.3 COMPUTER INTERFACE COMMAND SET

Throughout the command set tables it is assumed a 6 phase Power Analyzer is used. If you
are using a 3 phase instrument “6x” must be replaced by “3x”.

The default for ph_start=1 (Table 5.7). The default of ph_end is equal the number of phases
installed in your instrument.

Example: You are using a 6 phase Power Analyzer. After start-up you send the command:
comp:cmp1?

In return you receive 6x Vrms, 6x Arms, and 6x W; measurement values from phase
1,2, ..., 6. If you send the command “form: ph_start 4” the Power Analyzer will return to the

command “comp:cmp1?” 3x Vrms, 3x Arms, and 3x W; measurement values from phase 4, 5,
and 6.

5.4 ComPOSITE COMMANDS, read several quantities with one command.

Table 5.1 composite commands

Command Output for a 6 phase instrument with PH_START=1, PH_END=6
COMPose:CMP1? 6x Vrms, 6x Arms, 6x Watt, phase 1 value first

COMPose:CMP2? 6x Vrms, 6x Arms, 6x W, 6x VA, 6x PF, 6x Wh, 6x time
COMPose:CMP3? 6x Fundamental V1, A1, W1, VA1, PF1, Z1, Phi1

COMPose:CMP47? 6x Wh, VAh, Varh, Ah, time since RESET

COMPose:DSP1? 6x Display value line 1, 6x line 2, 6x line 3, 6x line 4 of page 1
COMPose:DSP2? 6x Display value line 5, 6x line 6, 6x line 7, 6x line 8 of page 1
COMPose:SUMS? 1x SUM1, 1x SUM2, 1x SUM3, 1x SUM4, 1x SUM5, 1x SUM6 (table 3.2)
COMPose:RATIO? 1x Ratio1, 1x Ratio2, 1x Ratio3, 1x Ratio4, 1x Ratio5, 1x Ratio 6

COMPose:MOTOR1? 1x Winput, 1x Woutput, 1x Torque, 1x Slip, 1x Speed, 1x Efficiency

COMPose:MOTOR2? 1x Winput, 1x Woutput, 1x Torque, 1x Slip, 1x Speed, 1x Efficiency

COMPose:MOT1_Loss? | Stores motor1 power consumed without load. Output 6 motor values.

COMPose:MOT2_Loss? | Stores motor2 power consumed without load. Output 6 motor values.

COMPose: TRAFO? 1x Vrect x1.11, Wcorrected, Qfactor, Reqiv, Xeqivalent, n2/n1
COMPose:ANIN? 4x Analog input £5V, 2x Analog input £10V
COMPose:VLTL? 6x voltage line to line (Table 3.2)

COMPose:LOG1? 6x Arms, 6x Vrms, 6xW, 6xPF; reads data in Logging mode
COMPose:LOG2? 6x frequ, 6xArm, 6xVrms, 6xW, 6xPF,6xWh, 6x VAh
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5.5

Table 5.2 Voltages Reading Commands

READING VOLTAGES, READING AND WRITING VOLTAGE SCALE FACTORS

VOLTage:RMS?

6x Vrms (root mean square), phase 1 value first.

VOLTage:FUND?

6x fundamental of voltage (V1)

VOLTage:RECT?

6x Vrect (rectified mean of voltage)

VOLTage:MEAN?

6x Vmean (is valid also when AC coupling is used)

VOLTage:MIN?

6x minimum voltage

VOLTage:MAX?

6x maximum voltage

VOLTage:PEAK?

6x peak to peak voltage

VOLTage:FFTL1?

Harmonics L1: V1, V2, ..., V40.

Can be changed by altering FFT_START, FFT_END (max. 88)

VOLTage:FFTL2?

Harmonics L2: V1, V2, ..., V40.

Can be changed by altering FFT_START, FFT_END (max. 88)

VOLTage:FFTL3?

Harmonics L3: V1, V2, ..., V40.

Can be changed by altering FFT_START, FFT_END (max. 88)

VOLTage:FFTL4?

Harmonics L4: V1, V2, ..., V40.

Can be changed by altering FFT_START, FFT_END (max. 88)

VOLTage:FFTL5?

Harmonics L5: V1, V2, ..., V40.

Can be changed by altering FFT_START, FFT_END (max. 88)

VOLTage:FFTL6?

Harmonics L6: V1, V2, ..., V40.
Can be changed by altering FFT_START, FFT_END (max. 88)

VOLTage:THD1?

6x THD1 = (Vrms? — V12) "2/\/rms. Use it for frequency inverter.

VOLTage:THD2?

6x THD2 = Z(Vn?)"2/Vrms, n = 2 -40.

VOLTage:CREST?

6x Voltage Crest Factor

VOLTage:FORM?

6x Voltage Form Factor

VOLTage:CURVEL1?

512 samples of wave L1.
Each sample 3 ascii numbers centered around 500 £255.

VOLTage:CURVEL2?

512 samples of wave L2.
Each sample 3 ascii numbers centered around 500 £255.

VOLTage:CURVEL3?

512 samples of wave L3.
Each sample 3 ascii numbers centered around 500 £255.

VOLTage:CURVEL4?

512 samples of wave L4.
Each sample 3 ascii numbers centered around 500 £255.

VOLTage:CURVEL5?

512 samples of wave L5.
Each sample 3 ascii numbers centered around 500 £255.

VOLTage:CURVELG?

512 samples of wave L6.
Each sample 3 ascii numbers centered around 500 £255.

VOLTage:SC1 <R>
*

Read Voltage Scaling Factor L1: VOLT:SC1?
Write voltage scaling factor L1: VOLT:SC1 20.15 or 2.015e1

VOLTage:SC2 <R>
*

Read Voltage Scaling Factor L2: VOLT:SC2?
Write voltage scaling factor L2: VOLT:SC2 20.15 or 2.015e1

VOLTage:SC3 <R>
¥*

Read Voltage Scaling Factor L3: VOLT:SC37?
Write voltage scaling factor L3: VOLT:SC3 20.15 or 2.015e1

VOLTage:SC4 <R>
*

Read Voltage Scaling Factor L4: VOLT:SC47?
Write voltage scaling factor L4: VOLT:SC4 20.15 or 2.015e1

VOLTage:SC5 <R>
¥*

Read Voltage Scaling Factor L5: VOLT:SC5?
Write voltage scaling factor L5: VOLT:SC5 20.15 or 2.015e1

VOLTage:SC6 <R>
¥*

Read Voltage Scaling Factor L6: VOLT:SC6?
Write voltage scaling factor L6: VOLT:SC6 20.15 or 2.015e1
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5.6 READING CURRENTS, READING AND WRITING CURRENT SCALE FACTOR
Table 5.3 Current Reading Commands

CURRent:RMS?

6x Arms (root mean square), phase 1 value first.

CURRent:FUND?

6x fundamental of current (A1)

CURRent:RECT?

6x Arect (rectified mean of current)

CURRent:MEAN?

6x Amean (is valid also when AC coupling is used).

CURRent:MAX?

6x maximum current

CURRent:FFTL1?

Harmonics L1: A1, A2, ..., A40.

Can be changed by altering FFT_START, FFT_END (max. 88).

CURRent:FFTL2?

Harmonics L2: A1, A2, ..., A40.

Can be changed by altering FFT_START, FFT_END (max. 88).

CURRent:FFTL3?

Harmonics L3: A1, A2, ..., A40.

Can be changed by altering FFT_START, FFT_END (max. 88).

CURRent:FFTL4?

Harmonics L4: A1, A2, ..., A40.

Can be changed by altering FFT_START, FFT_END (max. 88).

CURRent:FFTL5?

Harmonics L5: A1, A2, ..., A40.

Can be changed by altering FFT_START, FFT_END (max. 88).

CURRent:FFTLG? Harmonics L6: A1, A2, ..., A40.

Can be changed by altering FFT_START, FFT_END (max. 88).
CURRent:THD1? 6x THD1 = (Arms? — A12) "2/Arms. Use if for frequency inverter.
CURRent:THD2? 6x THD2 = £(An?)"?/Arms, n = 2, 3, ..., 40.
CURRent:CREST? 6x current crest factor
CURRent:FORM? 6x current form factor
CURRent:CURVEL1? |512 samples of wave L1.

Each sample 3 ascii numbers centered around 500 £255.
CURRent:CURVEL2? |512 samples of wave L2.

Each sample 3 ascii numbers centered around 500 £255.
CURRent:CURVEL3? |512 samples of wave L3.

Each sample 3 ascii numbers centered around 500 £255.
CURRent:CURVEL4? |512 samples of wave L4.

Each sample 3 ascii numbers centered around 500 £255.
CURRent:CURVEL5? |512 samples of wave L5.

Each sample 3 ascii numbers centered around 500 £255.
CURRent:CURVEL6? |512 samples of wave L6.

Each sample 3 ascii numbers centered around 500 £255.

CURRent:SC1 <R>
%

Read current scaling factor L1: CURR:SC1?
Write current scaling factor L1: CURR:SC1 2000.0 or 2.0e3

CURRenNnt:SC2 <R>
%

Read current scaling factor L2: CURR:SC2?
Write current scaling factor L2: CURR:SC2 2000.0 or 2.0e3

CURRent:SC3 <R>
¥

Read current scaling factor L3: CURR:SC3?
Write current scaling factor L3: CURR:SC3 2000.0 or 2.0e3

CURRenNnt:SC4 <R>
¥

Read current scaling factor L4: CURR:SC4?
Write current scaling factor L4: CURR:SC4 2000.0 or 2.0e3

CURRenNnt:SC5 <R>
¥

Read current scaling factor L5: CURR:SC5?
Write current scaling factor L5: CURR:SC5 2000.0 or 2.0e3

CURRenNnt:SC6 <R>
¥

Read current scaling factor L6: CURR:SC6?
Write current scaling factor L6: CURR:SC6 2000.0 or 2.0e3
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5.7 READING POWER, APPARENT POWER, AND REACTIVE POWER

Table 5.4 Power Reading Commands

POWer:ACTive? 6x W (active power)
POWer:APParent? 6x VA (apparent power)
POWer:REActive? 6x Var (reactive power)
POWer:FFTL1? Power Harmonics L1: W1, W2, ..., W21.

Can be changed by altering FFT_START, FFT_END (max. 21)
POWer:FFTL2? Power Harmonics L2: W1, W2, ..., W21.

Can be changed by altering FFT_START, FFT_END (max. 21)
POWer:FFTL3? Power Harmonics L3: W1, W2, ..., W21.

Can be changed by altering FFT_START, FFT_END (max. 21)
POWer:FFTL4? Power Harmonics L4: W1, W2, ..., W21.

Can be changed by altering FFT_START, FFT_END (max. 21)
POWer:FFTL5? Power Harmonics L5: W1, W2, ..., W21.

Can be changed by altering FFT_START, FFT_END (max. 21)
POWer:FFTL6? Power Harmonics L6: W1, W2, ..., W21.

Can be changed by altering FFT_START, FFT_END (max. 21)
POWer:FACTor? 6x Power factor W/VA
POWer:ACT1? 6x fundamental Power W1 (Harmonic 1)
POWer:APP1? 6x fundamental apparent power VA1 (Harmonic 1)
POWer:REA1? 6x fundamental reactive power Var1 (Harmonic 1)
POWer:FAC1? 6x power factor of fundamental (Harmonic 1)
POWer:DIST? 6x Apparent power of distortion = V1(A22 + ... + A402)"2

5.8 READING ENERGY, CHARGE, AND TIME
Table 5.5 Energy Reading Commands

ENergy:ACTive? 6x active energy Wh

ENergy:APParent? 6x apparent energy VAh

ENergy:REActive? 6x reactive energy Varh

ENergy:CHArge? 6x charge in Ah = JArect x dt

ENergy:TIME? 6x elapsed time since RESET in hours
ENergy:RESET Resets all energy values including Ah and Time
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5.9 READING FREQUENCY, IMPEDANCE, AND PHASE ANGLE.

Table 5.6 Frequency, Impedance, Phase Angle Reading Commands

FREQency? 6x frequency of current or voltage (fundamental)
IMPedance:MAG? 6x magnitude of impedance = V1/A1 (fundamental)
IMPedance:ANGle? 6x phase angle of fundamental impedance

IMPedance:FFT_ANGL1? |Phase angle L1: phi1, phi2, ..., phi21

IMPedance:FFT_ANGL2? |Phase angle L2: phi1, phi2, ..., phi21

IMPedance:FFT_ANGL3? |Phase angle L3: phi1, phi2, ..., phi21

IMPedance:FFT_ANGL4? |Phase angle L4: phi1, phi2, ..., phi21

IMPedance:FFT_ANGL5? |Phase angle L5: phi1, phi2, ..., phi21

IMPedance:FFT_ANGL6? |Phase angle L6: phi1, phi2, ..., phi21

5.10 READING AND WRITING RANGE OF HARMONICS, NUMBER PHASES FOR OUTPUT,
AND CYCLE FOR LOGGING

Table 5.7 Format Reading Commands

FORMat:FFT_START Read FFT_START 1-88. FORM:FFT_START?
<N> Write FFT_START 1-88. FORM:FFT_START 18. Set harmonic to 18.

FORMat:FFT_END <N> [Read FFT_END 1-88. FORM:FFT_END?
Write FFT_END 1-88. FORM:FFT_END 50. Set harmonic to 50.

FORMat:PH_START Read PH_START 1-6. FORM:PH_START?

<N> Write PH_START 1-6. FORM:PH_START 5. Set phase start to 5.
FORMat:PH_END <N> |Read PH_END 1-6. FORM:PH_END?

Write PH_END 1-6. FORM:PH_END 3. Set phase end to 3.
FORMat:CYCLE <N> Read CYCLE (for logging). FORM:CYCLE?, integer max. 32000.
%* Write CYCLE (for logging). FORM:CYCLE 32000. Set cycle to max.
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5.11

READ AND WRITE DISPLAY, RS232 BAUD RATE, IEEE-488 ADDRESS

Table 5.8 Display, Interface, Analog Scaling Commands

DISplay:PAGE <N>
*

Read active display page 1-4. DISP:PAGE?
Write display page 1-4. DISP:PAGE 4. Display shows values of page 4

DISplay:BATCH
*

Example to change the display values of page 1, line 1, 2, 3, 4
DISP:BATCH AOOA03A06A14. Arms, Vrms, Pact, Wh. (Table 3.1 and 3.2)

DISplay:AN_SCA1 Read analog1 scaling factor: DIS:AN_SC1?
Write analog1 scaling factor: DIS:AN_SC1 2.0
DISplay:AN_SC2 Read analog?2 scaling factor: DIS:AN_SC2?
Write analog2 scaling factor: DIS:AN_SC2 10.0
DISplay:AN_SC3 Read analog3 scaling factor: DIS:AN_SC3?
Write analog3 scaling factor: DIS:AN_SC3 5.1
DISplay:AN_SC4 Read analog4 scaling factor: DIS:AN_SC4?
Write analog4 scaling factor: DIS:AN_SC4 201.0
DISplay:AN_SC5 Read analog5 scaling factor: DIS:AN_SC5?
Write analog5 scaling factor: DIS:AN_SC5 0.85
DISplay:AN_SC6 Read analog6 scaling factor: DIS:AN_SC67?
Write analog6 scaling factor: DIS:AN_SC6 1.0

DISplay:RPM_SC1

Read rpm1 scaling factor: DIS:RPM_SC1?
Write rpm1 scaling factor: DIS:RPM_SC1 2.0

DISplay:RPM_SC2

Read rpm2 scaling factor: DIS:RPM_SC2?
Write rpm2 scaling factor: DIS:RPM_SC2 8.0

RS232 <N> Read BAUD-ID. RS232? — Output: 4, 0, 0. First Integer = Baud-ID
%* Write BAUD-ID. RS232 5.

Baud-ID = 0,1, ... 7=9.6/19.2/38.4/56.6/115.2/230.4/460.8/921.6k Baud
GPIB <N> Read GPIB ADDRESS: GPIB? address 1- 30.
%* Write GPIB ADDRESS: GPIB 20, writes address 20.
DISplay:UPDATE Write update command to send all changes to the display
%*

5.12 READ AND WRITE COMMON CONTROL COMMANDS.
Table 5.9 Control Commands

VERSsion?

Read type of instrument, Software, number phase

ACQuire:INPUT
*

Read current inputid: ACQ:INPUT? 1A=3, 5A=0, 30A=1, Shunt=2.
Set current input 30A: ACQ:INPUT 1x, x=1, 2, .., 6=phase. x=9=all phase

ACQuire:AUTO_V Read V-auto: ACQ:AUTO_V? 1/0=auto on/off
%* Set auto on/off: ACQ:AUTO_V 1x, x=1, 2, .., 6=phase, x=9=all phase
ACQuire:AUTO_A Read A-auto: ACQ:AUTO_A? 1/0=auto on/off

*

Set A-auto on/off: ACQ:AUTO _V 1x, x=1, 2, .., 6=phase, x=9=all phase

ACQuire:RANGE_V
*

Read V-range:
Set 300V range:
phase

ACQ:RANGE_V?0,1,..,7=0.3,1,3,10,30,100,300,1000V
ACQ:RANGE _V 6x, 6=300V, x=1, ..,6=phase, x=9=all

ACQuire:RANGE_A
*

Read A-range: ACQ:RANGE_A? 1A/5A=0, 1, ..,6. 30A/Sh=0,1,2,3,4
INSA/50mA range ACQ:RANGE_A 1x; x=1, 2, ..,6=phase, x=9=all phase

ACQuire:SYNChro
¥

Read Sync: ACQ:SYNC? 0/1/2=current/voltage/external
Set Sync: ACQ:SYNC 0x, x=1, 2, ..,6=phase, x=9=all phase

ACQuire:APERture
%*

Read averaging time: ACQ:APER?. 0, 1, 2, 3, 4=0.5s, 1s, 2s, 8s, 32s
Set averaging time: ACQ:APER 1. 5 = Fast (100ms)
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ACQuire:QU_V Read V-under, -ok, -over: ACQ:QU_V? 0, 1, 2=0k, over-, underange.

ACQuire:QU_A Read A-under, -ok, -over: ACQ:QU_A? =0, 1, 2=0k, over-, underrange.
ACQuire:DC_AC Read coupling of input amplifiers:  ACQ:DC_AC? 0=DC, 1=AC

* Set coupling of input amplifiers: ACQ:DC_AC 1. Set AC coupling.
ACQuire:MODE Read measure mode: ACQ:MODE?

0,1,2,3=stand,1=Log,2=Trans,3=psp
Set measure mode: ACQ:MODE 0. Set standard measure mode

ACQuire:TRANS ID |Read duration transient: ACQ:TRANS_ID? 0, 1, 2, 3, 4, 5, 6=duration in
sec. 0.25,0.5,1, 2,4, 8,16
% Set duration: ACQ:TRANS_ID 2. 2=1 sec.

ACQuire:AVG_FFT |Read fft-averaging: ACQ:AVG_FFT? 0,1,2,3,4 = Every fft-point is an
average of 4, 16, 64, 256, 1024 samples.

* Set fft-averaging: ACQ:AVG_FFT 1.
ACQuire:SUPRESS |Read suppress: ACQ:SUPRESS? 0=suppress off, 1=on
* Set suppress: ACQ:SUPRESS 1. Suppress on.
ACQuire:HOLD Set display run: ACQ:HOLD 0.

* Set display hold: ACQ:HOLD 1.

Set display locked: ACQ:HOLD 2; (2:must be used for PC operation)
(ACQ:HOLD 2 grays 108A display buttons, avoids conflicts)

Turn display off: ACQ:HOLD 4; ACS10

Turn display on: ACQ:HOLD 5; ACS10

ACQuire:GO ACQ:GO starts measurement if in Logging, transient or power-speed.
Has no effect in standard measure mode.

ACQuire:HALT ACQ:HALT stops measurement if in Logging, transient or power speed.

Has no effect in standard measure mode.
ACQuire:SETTING ACQ:SETTING? Output is previously loaded setting number 0,1,2, ..
%* ACQ:SETTING 12 Loads setting number 12 if present in memory.

ACQuire:NR_POLE1 |Read number motor poles, motor1 ACQ:NR_POLE1? 2, 4, 6, 8, 10, 12 ...
Set number of motor1 poles to 12: ACQ:NR_POLE1 12.

ACQuire:NR_POLE2 |Read number motor2 poles, motor2 ACQ:NR_POLE2? 2, 4, 6, 8, 10, 12 ...
Set number of motor2 poles to 12: ACQ:NR_POLE2 6.

ACQuire:Z0O0M Set expand sector/back ACQ:ZOOMO0,1,2,3/4
TRANSIENT MEASURE MODE ONLY

Important: Rules for using ACQuire:MODE x, x =0, 1, 2, 3.
x = 0 = standard measure mode
x =1 = logging measure mode
X = 2 = transient measure mode
x = 3 = power-speed measure mode

e From standard measure mode you can switch to any other measure mode.
After sending the command wait 1 second.

e If you are operating in any other measure mode (1, 2, 3) you must first send
ACQ:MODE 0 to return first to standard measure mode, wait 1 second, and
send the next command to enter the desired measure mode, and wait 1 sec-
ond to continue.
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6. COMPUTER OPERATING SOFTWARE

6.1 INSTALLING COMPUTER OPERATING SOFTWARE

Insert the CD-ROM in to the drive for installation.

i 4 DVD-RW-Laufwerk (E:) Disc
==

[T] Irnemer fidr Software und Spiele durchfihren:

Programm installieren oder ausfahren

& A setup.exe ausfithren
S=j” Kein Her: T a
Allgemeine Opticnen

Ordner 6ffnen, um Dateien anzuzeigen

f mit Windows-Explarer

Standard in der Systemsteuerung festlegen

s Automatische Wiedergabe (= =[]

Click setup.exe for installation.

(e = =]

I 1T 1084 PCSW
-—

Destination Directory
Select the primary installation directory.

All software will be installed in the following locations. To inztall sofbware inta &
different location, click the Browse button and select another directony

Directary for 1084_PCS'W

|C:‘~.F‘rnglam Files'. 108A_Main', || Browse.. |
Diirectary for Mational Instuments products
|C:‘-\F‘mg|am Files\Mational Instruments®. | | Biowise..
| << Back ” Mext > H Cancel
Click “NEXT” if directory location is correct.
[= = [z=H

[_:”J 1084_PCSW

Start Installation
Feview the following summary before continuing.

LCannot install
= NI-VISA 541 [higher version already installed)
Fun Time Support (higher version alieady installed)

Adding or Changing
» 1084_PCSW Files

Click the Next buttan to begin installation. Click the Back button ta change the installation settings.

lSave File... ] | << Back “ Mext »» | l

Cancel

Click “NEXT >>" to start the installation
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6.2 108A DATA WINDOW (COMPUTER SOFTWARE)

The Power Analyzer Computer Operating Software consists basically of 3 Windows: The Data
Window, the IEC Data Window and the Control/Setting Window.

The Data Window displays the measured values, and the actual ranges of current and volt-
age. A reserved field is for displaying voltage- and current wave forms (Curve), FFT numeric
values and FFT Bar chart. The Data Window lets you select the current inputs, the synchroni-
zation, the ranges for current and voltages, the averaging time, the measure mode and the
values to be displayed.

The IEC Data Window displays numeric values and charts in context with IEC 555-2 (EN
61000-3-2) standards.

The Control/Setting Window let you select the scaling factors for current, voltage, and ana-
log inputs, Harmonic range, Cycles, FFT- and Transient ID, Suppress and instrument setting
numbers.

T T T e [ S INsA
4 1ms 53,397m 53.402m | 53.410m |0 o 0 b
4  wrms || s.0056 8.0065 | 8.0058 0 0 0 i
M | 427.39m || 427.4am | 427.48m |0 0 0 VIS
Papp || 427.48m | 427.57m | 427.59m |0 10 10
J tfund 53,3901m || 53.337m || 53.359m |0 0 0
~ Vfund 8.0051 8.0069 8.0034 0 0 0
i Pactfund | 427.09m |426.95m | 427.27m |0 10 10
.| Frequenc 100.20 100.21 100.20 0 0 0
Reset Energy
15.01.2016 | 10:46:40
115200
4
0
B stop

108A Front Panel

6.2.1 SELECT INTERFACE

Move interface slider to RS232/USB or GPIB or IP/Port.

1. RS232/USB >> select Baud Rate and set Addr (COM)

2. GPIB >> set Addr
3. IP/Port >> set IP Address and Port No. B Peiveinsifonpene
File Edit View Project Ope
4. press button —> 5@ ®[il] [
I
Stop Button press Stop to terminate the communication.
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6.2.2 SELECT INSTRUMENT MODE

B2 select modewi %

Turn knob to Standard Mode, Logging Mode,
Logging Transient Transient Mode or Power Speed Mode.

Mode Mode

Press APPLY

Power Speed
Mode

STANDARD MODE

In the Standard Measure Mode 280 quantities per phase are continuously measured (no
gaps) and are updated. Values can be displayed on four display pages, can be saved in in-
ternal memory, or can be transferred via Interface to a computer.

LOGGING MODE

The basic operation is as follows: Select the number of cycles for which you desire a periodic
data output to the RS232 / USB-interface. If you perform measurements on the 50Hz power
line and you select cycles = 1 you obtain new data every 20ms; if you select cycles = 30000
you obtain new data every 10 minutes.

TRANSIENT MODE

The transient measure mode can be used in two ways: You can catch current-, voltage-, and
power wave forms in a start-up on all phases simultaneously or you can view all wave forms
at a critical operating point in Standard Measure Mode. (up to maximum 6 phases).

POWER-SPEED MODE
This measure mode analyzes the performance of electric devices such as electric cars.
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6.2.3 SELECT SOFTWARE MODE

Move function slider to Standard, Curve, FFT Num, FFT Bar, IEC or

Vector.

1. Standard >> measurement values

2. Standard + Curve >> measurement values and curves

3. Standard + FFT Num >> measurement values and harmonics

4. Standard + FFT Bar >> measurement values and bar graphs

5. IEC >> move to 108A/PC11 IEC Data Tab

6. Standard +Vector >> measurement values and vector

graphs

Continuous mode Continuous measurement (and data
storage)

Timer mode Measurement after 1s, 2s, ...., 60s (and
data storage)

Abort Abort the timer at the next time interval

elapsed.

6.2.4 OPERATE THE COMPUTER SOFTWARE

< Current input indicators
ISync | 5/ E J _1Sync_ |SHUNT '_T.}r:_ SH __‘-'-.1"' | 3_ Sync _' __'-'-.!"' 1| < H 1

300v | 500mA | 300V 500mA | 00mA | 300v  6omv | 300v TN 300V (60mv | lSynC / USynC Indl(_:ators
[uroor= [ o | o [suroors autoors | uroarr aunoore oo oo (mumsare umoorr oo 11 < VOIltge range indicators
| 1.119om | 11756m | 720420 | 58978m | 12461 | 27519m | < Currentrange indicators

| 317.13m 233.63m 270.09m 240.25m 279.79m 317.84m < AUtO ON/OFF indicators

-13.591u |-26.585u  |{-26.178u 41.701m || 219.27m || 42.237m

: 355.16u 274.67u 194.58u 141.69m 348.67m 87.469m __

271.86m 335.41m 262.52m 1.0892 1.0003 781.59m

| 21.373 27.017 20.298 19.080 22.673 16.338

2.1878 || 4.6385 1] 1.6031 7.0405 -4.4930 || 5.3136

. 5.8471 || 5.4956 3.7381 5.9894 21.717 12.996

Functions Select a measurement value.

Irms/lIfundamental/Irectified/Imean/Imaximum/Ithd1/Ithd2/Icrest factor/Iform factor
Vrms/Vfundamental/Vrectified/Vmean/Vminimum/Vmaximum/V peak-to-peak/Vthd1/Vthd2
Vcrest factor/Vform factor
Pactive/Pappearent/Preactive/Pfactor/Pactive1/Pappearent1/Preactive1/Pfactor1/Pdistortion
Eactive/Eappearent/Ereactive/Echarge/Etime/Frequency/Zmagnitude/Zphase

Power Sum/Power Ratio/Motor1/Motor2/Motor1_loss/Motor2_loss/Trafo/Analog in/Line-to-line

page 55



6.2.5

Current Input

Refresh

6.2.6

Current Input:

| AUTO/MAN:

IN 5A:

IN 30A:

IN 1A:
SHUNT:

U AUTO/MAN:

Voltage range:

Sync Source:

Aperture:
AC+DC:
Refresh:

INPUT, RANGES, SYNCHRONIZATION, APERTURE SELECTION

Select IN 1A/ IN 5A / IN 30A or SHUNT

Select mode: | AUTO/MAN = current auto/manual ranging

15mA, 50mA, 150mA, 500mA, 1.5A, 5A, 15A

1A, 3A, 10A, 30A, 100A

1.5mA, 5mA, 15mA, 50mA, 150mA, 500mA, 1.5A

60mV, 200mV, 600mV, 2V, 6V

Select mode: U AUTO/MAN = voltage auto/manual ranging
300mV/1V/3V/10V/30V/100V/300V/1000V

I Sync = current synchronisation (Default); 2Hz-5kHz
U Sync = voltage synchronisation, 2Hz-150kHz

Ext Sync = external synchronisation, 2Hz-150kHz
100ms/500ms (default)/1s/2s/8s/32s

Set coupling of input amplifiers: AC or AC+DC coupling

Press Refresh button to execute settings.

PHASE SLIDER FOR SELECTING INDIVIDUAL SETTINGS PER PHASE

—_— - - Phase Slider - - - - - - - - --._._.__._____.__.. —

Individual selection for voltage ranges, current inputs, current ranges and synchronization for
every phase is possible. Move the Phase Slider along the top of the software to L1, L2, ..., L6
or L1-L6, and press the button to send the settings to the instrument.

6.2.7

CURVE

Curve:

Select desired waveform chart. Curve L1, L2, ...., L6 of current, voltage

and power.
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6.2.8 FFT NumERICS (HARMONICS)

T, e ﬂ 135.89 6.7164 6.2835 1.008% 6.9382 4.45610 13.030 4.9957 5.3552 319.43m
i ﬂ'. 1

4

em 2.1790 .

4 |

T | ¢

B85.144m || 10.253m | 9.1274m | 5.0263m | 1.7552m || 8.1653m | 8.5415m | 3.1399m | 1.7552m

1 | b

eﬂ 62,204 |1-339.91 ||-54.906 40.617m | |-4.3463 4.5194m || 79.984m | 3.3463m | 1.2308m | 557.T1lu

I | 3

Harmonics: Select a FFT measurement value. FFT Volt L1-L6 / FFT Current
L1-L6 FFT Power L1-L6 / FFT Angle L1-L6.

Save Harmonics: Press button to store harmonics in a file.

6.2.9 FFT BAR GRAPH (HARMONICS)

Amplitude
il

Amplitude

Amplitude

Waveform Graph: Select a FFT Bar Graph. FFT Volt L1-L6 / FFT Current L1-L6
FFT Power L1-L6 / FFT Angle L1-L6

6.2.10 VECTOR GRAPH (PHASE ANGLE)

v Eld 50mA
[AUTO OFF |JAUTG OFF [JAUTO OFF | AUTO OFF | AUTO OFF | ALITO OFF

|| 54.620m 54.806m 54.746m
|| 29521 2.9536 2.9525

157.03m 157.60m 157.49m
161.24m 161.87m 161.64m
49.053m 49.218m 49.189m

Display vector graphs from
phase L1-L3 or L4-L6

T T using Phase Selection
e | Frequency || 299.84 299.84 299.86 function.
e T Visible Section function
i allows sectional- or full
i [ graphs.
B stop
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6.2.11 IEC DATA WINDOW

= FFT Curr L1 |'F FFT Curr L2 FFTC rL
7 Y 3

L
000 00032701
08

The IEC Window displays numeric values and charts in context with IEC 555-2
(EN 61000-3-2) standards.

Class File Selector Classification of Equipment into Classes A, B, C, D for Harmonic
Measurement.

Class A: Balanced three-phase equipment and all other equipment except
that stated in one of the following classes.

Class B: Portable tools.

Class C: Lighting equipment including dimming devices.

Class D: Equipment having an input current with a "special waveshape" and

an active power P up to 600W.

Limits for Class A: (max. permissible harmonic current [A])
1.08/2.30/0.43/1.14/0.30/0.77/0.23/0.40/0.184/0.33/0.153/0.21/0.131/0.15/
0.115/0.132/0.102/0.118 /0.092 / 0.107 / 0.084 / 0.098 / 0.077 / 0.09 / 0.071 / 0.083 /
0.066 /0.077 / 0.061 / 0.072 0.057 / 0.068 / 0.054 / 0.064 / 0.051 / 0.061 / 0.048 / 0.058 /
0.046

Limits for Class B: (max. permissible harmonic current [A])
1.62/3.45/0.645/1.71/0.45/1.155/0.345/0.600 /0.276 / 0.495 / 0.230/ 0.315/0.197 /
0.225/0.173 0.199/0.153/0.178/0.138/0.161/0.125/0.148 / 0.115/0.135/ 0.106 /
0.125/0.099/0.116/0.092 0.109/0.086 / 0.102 / 0.081 / 0.096 / 0.077 / 0.091 / 0.073 /
0.087 /0.069
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Limits for Class C: (max. value expressed as a % of the fundamental input current of lumi-
naires)

1.62/3.45/0.645/1.71/0.45/1.155/0.345/0.600 /0.276 / 0.495/0.230/0.315/0.197 /
0.225/0.173 0.199/0.153/0.178 /0.138 /0.161/0.125/0.148 /0.115/0.135/ 0.106 /
0.125/0.099/0.116/0.092 0.109 / 0.086 / 0.102 / 0.081 / 0.096 / 0.077 / 0.091 / 0.073 /
0.087/0.069/0.118/0.092/0.107 / 0.084 0.098 / 0.077 / 0.09/0.071 /0.083 / 0.066 / 0.077
/0.061/0.072/0.057 /0.068 / 0.054 / 0.064 / 0.051 0.061 / 0.048 / 0.058 / 0.046

Limits for Class D: (max. permissible harmonic current [A])
1.08/2.30/0.43/1.14/0.30/0.77/0.23/0.40/0.184/0.33/0.153/0.21/0.131/0.15/
0.115/0.132/0.102/0.118 /0.092 / 0.107 / 0.084 / 0.098 / 0.077 / 0.09 / 0.071 / 0.083 /
0.066 /0.077/0.061/0.072/0.057 / 0.068 / 0.054 / 0.064 / 0.051 /0.061 / 0.048 / 0.058 /
0.046

Offset (%) Modify offset for limits in %.

Y| EGETTE) GIEEIE  Select FFT Current L1 ... L6.

Reset Harmonics Press button to reset the measurements.

Stop Press STOP to terminate the communication.
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6.2.12 CONTROL / SETTING WINDOW

Scale Current () Select desired phase for scaling: Current L1 - L6

Multiplication factor for current. This is especially useful when us-
ing external voltage sensors.

Valid Range: -3.38e-38/+3.37e38 (default Value: 1.0)

NOTE: Be careful when changing scaling factors as it could look
like an instrument malfunction in case of improper choice.

Scale Voltage (V) Select desired phase for scaling: Voltage L 1- L6

Multiplication factor for voltage. This is especially useful when us-
ing external voltage sensors.

Valid Range: -3.38e-38/+3.37e38 (default Value: 1.0)

Note: Be careful when changing scaling factors as it could look like
an instrument malfunction in case of improper choice.

Scale Analog/Rpm Select desired analog input, rpm for scaling: Analog 1-6/Rpm 1 -2

Multiplication factor for analog/rpm. This is especially useful when
using external voltage sensors.

Valid Range: -3.38e-38/+3.37e38 (default: 1.0).

Note: Be careful when changing scaling factors as it could look like
an instrument malfunction in case of improper choice.

Cycles [32000] For Logging Measure Mode set 1 to 32000. Defines the measure-
ment duration per measurement set.
If you perform measurements on the 50Hz power line and you se-
lect cycles = 1 you obtain new data every 20ms;
if you select cycles = 30000 you obtain new data every 10 minutes.
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FFT ID

Transient ID

Suppress ON/OFF

FFT/Phase Start/End

Refresh

Display Backlight

Load Setting

Calibrate

Setto 0, 1, 2, 3, 4. Corresponds to FFT averaging over 4, 16, 64,
256, or 1024 cycles.

Setitto 1, 2, 3,4, 5, 6 or 7. The transient ID determines the meas-
urement duration after start.
Transient ID Measurement duration: 1 =0.25 seconds
2 = 0.5 seconds (default)
3 =1 second
4 = 2 seconds
5 =4 seconds
6 = 8 seconds
7 = 16 seconds

If on, small values of Arms, Vrms, and Watt are set to zero.
Select FFT START/END or Phase START/END.
Start/Stop index of the data to be queried.

Valid Range: 1 ... 88 (default: 1)

Press Refresh button to execute settings.

The display backlight can be switched ON or OFF for energy
savings. (Option must be installed)

Loads selected setting number in memory. Press 'Load Setting'
button to execute settings.

Move slider 'Calibrate’ to start the calibration procedure.
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6.2.13 LOGGING-, TRANSIENT-, POWER SPEED MEASURE MODE

Select the number of cycles and
set the frequency; then press AP-
S o s St e s PLY.

|| 99.331m 99.320m 99.306m 99.229m 3 ; 99.305m | NOW Set the n umber of Logging

|| 5.3097 5.3118 5.3102 5.3324 .. 5.3392

514.05m | 514.20m | 513.96m | 515.77m 7 516.89m . iterations and press the START

| 974.64m 974.57m 974.62m 974.73m 974.73m 974.88m
527.42m 527.62m 527.34m 529.13m 527.98m 530.21m button .

|l 86.391u 86.409u 86.382u 86.443u 88.345u 95.811u
88.647u 88.667u 88.635u 88.682u 90.732u 98.439u

After the last iteration is
completed, the amplitudes of the
signals are displayed in the

| graph window. Press EXIT to
ey 1) leave Logging Mode.

Freq

Select Transient ID then press AP-
PLY.

Press the START button to scan
signals.

Use Zoom A ... Zoom D selector
and press button next to selector.

Press EXIT to leave Transient
Mode.

Press the START button.

Press HALT to stop data
acquisition.

Amplitudes of the signals are
displayed in the graph window.

Press EXIT to leave Power Speed
Mode.

0024508
1319000
0.094509
0096987
0.000001
0,000001
0.000000

Power Speed Mode Window
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7.

ANALOG INPUT AND -OUTPUT

The rear panel DB37 connector Figure 7.1 provides all signals for processing inputs to- and
processing outputs from the Power Analyzer.

I1 20]
" & a 12
21
e [ = - 14
2
Freq2 e 16
c Freq1
AGRD s o1
02
& 03
2: [ 2 05
e o7
o [ = 09
010
o12 eg o11
v [ = 0GRD
+
- e GRD
> [ - 12V
SYNC1
SYNC3 e SYNC2
SYNGS e SYNC4
SHAPE IN @ % SYNC6
ey < SHAPE OUT
e
SGRD START
Figure 7.1: Process Input-Output Connector DB37
Symbol Description
11-14 Analog inputs -5V to +5V, if not used short to AGRD
15-16 Analog inputs -10V to +10V, if not used short to AGRD
Freq1 TTL frequency range 5Hz to 150kHz
Freq2 TTL frequency range 20Hz to 150kHz
AGRD Ground for input signals (analog and TTL)
01-012 Output of displayed values, +5V max

+12V/GRD/-12V

Supply for external current sensor unit (300mA)

SYNC1-SYNCG6

Synchronization inputs or outputs for external synchronization

SHAPE IN 0-80Vac input to form a TTL signal

SHAPE OUT Sharper TTL output, can be applied to Sync1-Sync6
SGRD Ground for Sync1-Sync6 inputs.

START Provides hardware start by connecting to 5V/pin18. (Log-

ging/Transient/Power-Speed)
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71 ANALOG INPUT AND OUTPUT SPECIFICATION

Analog input 1-4, span: -5V to +5V, Ri = 100k<2, Typical max error 0.2 %
If not used short inputs to AGRD

Analog input 5,6, span: -10V to +10V, Ri = 100kQ, Typical max error 0.2 %
If not used short inputs to AGRD

Frequency input 1,2: 20Hz — 150kHz, Typical max error 0.2 %

Analog output 1-12: -5V to +5V, Rout = 1kQ, Typical max error 0.2 %

Update interval: 0.5 sec

Output quantities: Arms, Vrms, W, VA, Var, PF1, -5V to +5V.

Frequency, Wh as relative output: 0.3125V — 5V.
When output reaches 5V it drops to 5V/16 and so forth
(increasing values). When output falls below 0.3125V it
increases to 0.3125 x 16 (decreasing values).

7.2 PROGRAMMING THE ANALOG OUTPUTS

In standard measure mode all analog inputs, Freg1, and Freq2 are measured in 500ms time
intervals. All analog outputs are set according to the criteria described below.

In power-speed measure mode freq1 is measured in 20ms time intervals. At Start analog out-
put1 is set to +5V and can be used to start the system under test (power-speed only).

In logging- and transient measure mode the analog option is not used.

In standard measure mode the displayed quantities on display page 1 are applied to the ana-
log outputs. The output configuration depends on the number of phases installed in the Power
Analyzer.

The analog outputs for power and reactive power can be scaled using An6 scaling factor (in
SETUP).

Example: At 100W power range (10V/1A/PF = 1) the full scale analog output is 5V with
AnG scale factor = 1.

At low power factor, e.g. PF = 0.02 the analog output voltages are 5V x 0.02 = 100mV.

Setting An6 to 20.0 the analog outputs for power become 2V resulting in increased resolution
at small power factor variations.
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Below examples of output configurations are given:

Single phase: Display lines 1 to 8 = Arms, Vrms, W, VA, Var, PF1, frequency, Wh.
Analog output 1, 2, 3, 4, 5, 6, 7, 8 are proportional to Arms, Vrms, W, VA,
Var, PF1, freq, Wh.
Analog outputs 9, 10, 11, 12 are zero.

Two phase: Display lines 1 to 6 are Arms, Vrms, W, PF1, VA, Wh.
Analog output 1, 2 = Arms of phase 1 and phase 2
Analog output 3, 4 = Vrms of phase 1 and phase 2
Analog output 5, 6 = W of phase 1 and phase 2
Analog output 7, 8 = PF1 of phase 1 and phase 2
Analog output 9, 10 = VA of phase 1 and phase 2
Analog output 11, 12 = Wh of phase 1 and phase 2
Three phase: Display lines 1 to 4 =W, VA, Arms, PF1
Analog output 1, 2, 3 = W phase 1, 2, 3
Analog output 4, 5,6 = VA phase 1,2, 3
Analog output 7, 8, 9 = Arms phase 1, 2, 3
Analog output 10, 11,12 = PF1 phase 1, 2, 3
Four phase: Display lines 1 to 3 = Arms, W, VA
Analog output 1, 2, 3, 4 = Arms phase 1, 2, 3, 4
Analog output 5,6, 7, 8 = W phase 1, 2, 3, 4
Analog Output 9, 10, 11, 12 = VA phase 1,2, 3,4
Five phase: Display lines 1 to 3 = Arms, W, VA
Analog output 1, 2, 3, 4,5 = Arms phase 1, 2, 3,4, 5
Analog output 6, 7, 8, 9, 10 = Wphase 1, 2,3, 4,5
Analog output 11, 12 VA phase 1 and phase 2
Six phase: Display lines 1 and 2 = Arms, W

Analog output 1, 2, 3,4, 5,6 = Arms phase 1, 2, 3,4, 5,6
5

3,4,5
Analog output 7, 8, 9, 10, 11, 12=W phase 1, 2, 3, 4,5, 6

7.3  USING INPUTS FOR MOTOR TESTING (SEE ALSO 4.1 MOTOR TESTING)

Using a 6 phase Power Analyzer two motors can be tested simultaneously. Motor1 is con-
nected to phase 1, 2, and 3. Motor2 is connected to phase 4, 5, and 6. Speed of motor1 is
measured via TTL FREQ1 input, and Speed of motor2 is measured via TTL FREQZ2 input.
Both inputs exhibit excellent accuracy over a wide frequency range 20Hz to 150kHz. A rotat-
ing disc with 180 divisions at 150kHz will display 50000 rpm (rotations per minute). FREQ1
and FREQ2 can be scaled via interface commands to accommodate different speed sensor.
External torque transducers can be connected to one of the six analog inputs. All inputs can
be scaled in the SETUP window or using the interface to display actual torque.

Power-Speed measurements are limited to phase 1, 2, and 3 and Freq1 speed input.
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7.4 USING Low CURRENT SHUNT FOR STANDBY POWER MEASUREMENT

e Insert Shunt in the 3-pin connector on rear panel

e Select SHUNT input

Shunt voltage 60mV corresponds to current range 0 - 100pA
Shunt voltage 180mV corresponds to current range 0 - 300pA
Shunt voltage 600mV corresponds to current range 0 - TmA
Shunt voltage 1.8V corresponds to current range 0 - 3mA
Shunt voltage 6V corresponds to current range 0 - 10mA

e Scale current by 0.0001
e Red socket = Current High, Black socket = Current Low

e Observe the correct wiring. The Current of the voltage path must not flow via shunt

L1
Currents: 100pA, 300pA,
Last | 1mA, 3mA, 10mA
‘ V HI
‘ V LO A HI
Shunt
N
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8. DATA MANAGEMENT

8.1 OPERATING THE POWER ANALYZER USING THE USB INTERFACE

To operate the USB interface you must install the USB driver. Use the following driver
(on the CD-ROM) for your Windows operating system:

CDM v2.12.14 WHQL Certified for Windows (Windows XP to Windows 10 (32/64)).

=8 Gerate-Manager n:.\_EI =

Datei  Aktion Ansicht 7
<?'E:MT| H ﬁ‘ ]
=-g3 RONY-PC
275" Anschlisse (COM & LPT)
-'%" Communications Port (COML)

. "5 ECP Printer Port (LPT1)

1 NPort Communication Port1 (COMS)
|

= Audia-, Video- und Gamecontroller

+- 55 Bildverarbeitungsgerste

Computer

Diskettenlaufwerkcontroller

D/CD-ROM-Laufwerke

3 Eingabegerate (Human Interface Devices)
5 W Grafikkarte

¥ IDE ATA/ATAPI-Controller
-y Laufwerke

& ¥ Mause und andere Zeigegerite
@[] Mobile Gerate

- B Monitore

- %F Netzwerkadapter

4 D Prozessoren

4 € Speichercontroller

{8 Systemgerate

4= Tastaturen

4 Y Tragbare Gerate

Bl W USE-Ganboller

Open the hardware manager and check for proper USB Driver installation. Use COM4 to run
108A Computer Software.

8.2 OPERATING THE POWER ANALYZER USING THE ETHERNET INTERFACE

To operate the Ethernet interface you must consult the attached documentation
‘COMMUNICATION SETUP 108A ETHERNET” (also stored on a CD).

B CoeNanegr = o

Datei  Aktion Ansicht 7
e @ HE
-5 RONY-PC

= 5" Anschlusse (COM & LPT)

i Communications Port (COML)
ECP Printer Port (LPT1)
7 NPort Communication Port 1 (COMS)
H T3 USB Serial Port (COM4)
(44 Audio-, Video- und Gamecontroller
4 %54 Bildverarbeitungsgerdte
-4 Computer
- Diskettenlaufwerkcontroller
4 Diskettenlaufwerke
i DVD/CD-ROM-Laufwerke
; Eingabegerate (Human Interface Devices)
Grafikkarte
11 cg IDE ATA/ATAPI-Controller
0y Laufwerke
i1l Mause und andere Zeigegeréte
Mobile Gerate

) Monitore

Gl & Metrwerkadapter

& D Prozessoren
445 Speichercontroller
3 Systemgerdte

Tastaturen
+ Bl Tragbare Gerdte
W USB-Cantiplier 1=

Open the hardware manager and check for proper Ethernet installation. Use COMS5 to run
108A Computer Software.
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8.3

MEASUREMENT DATA FROM THE POWER ANALYZER (USB) To COMPUTER

If USB memory stick is inserted, measurement data are also stored on memory stick

108A_data_01, 108A_data_02,

Crdner
4 B Decktop

= Rony
Offentlich
4 18 Computer
—= Diskettenlaufwerk {4:)

> e SYSTEM (C3)
> = DATA (E)
ot DVD-RW-Laufwerk (E:)
- ¥eEChseldatentriger (F)
e Wechseldatentriger (G:)

Wechseldatentriger (H:)
- e WWechseldatentrager (L)

Wechseldatentrager (J:
4 KINGSTOM (K:)

Infratek Switzerland
. System Volume Information
- L Infratek (\192.168.1.10) (L)
LF Netzwerk

= Systemsteuerung

a| Papierkorb

.., 108A_data_20.

M

Name Anderungsdatum Typ GriBe
Infratek Switzerland 08.04.201512:20 Dateiordner
Swstern YVolyme [nformation 21,08 2015 07.58 [ateiordper
. 10BA data 01 tet 04.02.201613:20 Textdokument 0 KB
108A_data_02.tet 04.02.2016 13:20 Textdokument 0 KB
1084 _data_03.txt 04.02.2016 13:20 Textdokument 0 KB
. 108A_data_04.txt 04.02.201613:20 Textdokument 0 KB
L1084 _data 05 .tet 04.02.2016 13:20 Textdokument 0 KB
1084 _data_06 .t 04.02.2016 13:20 Textdokument 0 KB
. |108A_data_HOLD txt 18.01.2016 07:29 Textdokument 3 KB
= |108A_psp.ixt 04.02.2016 13:20 Textdokument 7KB
| COMpENEOn NSt 20D e BRI LR R T T T EEZ«:1

The 108A stores measurement data in Standard Mode, on HOLD and in Power Speed Mode.

® Standard Mode data files are named: 108A_data_01, 108A_data 02, ......,

108A_data_20.

® Standard Mode on HOLD data file is named: 108 A_data_HOLD.

® Power Speed Mode data file is named: 108A_psp.

[ Microsot el CHlE]
Datel Bearbetten Ansht Enfigen Formap Extras Daten Fenster I
F i = . @ 2 - @ € »-A- 7
- =
Tetkomerienngs Assistent - Schitt 2von3 U

' X Sievoren 1
e Verscha det markierten Diten sehen, nie D Text erschensn wrd,

¥ Aufesncerfigende Trennznichen as en 2eicren beharden

I~ semickn [~ gemma

i avees T Texserkerrumpsaechen: |

Bereit

(3

Vit Excl - deta L ot

B

DEEs SR ¥
[ |

24 3@ o - @ [0 - E

) Beamecen Ansenc Emugen formac Gt Dacen Fenter 2
|4 mew|a-
=| 111212004

11212014

26 1172172014
21 |11/2172014
i

114026 AM 17.131m
114025 AM 17 131m
/202014 11.40:25 AM 17.136m
117212014 114026 AM17.138m 17 143m

17.145m 17.096m |16.322m
Am 17.098m 16.326m 2
5m 17.102m 16.323m
2m 17.102m |16 326m 2 5

117212014 11:40.27 AM 17137m
11212014 11.40.28 AM 17.138m
B [11212014  11:4029 AM 17.138m
9 (117212014 114029 AM 17 138m
0 [11/21/2014 | 11:40-30 AM 17 142m
10 [1121/201 | 114031 AM 17 H1m
12 |14124/2014 114032 AM 17 Ad4m 17,4
13 [11/21/2014 | 11:40.33 AMAT.A47m_ 174
141172172014 11:40-33 AN 17 1am

16| 1121/2014 | 11:40.34/AM 17.147m
16/ 11/21/2004  17:40:35 AN 17 144m
17 [11/21/2014 | 114036 AM 17 146m 1
18 [11121/2014 1140 37| AM 17 146m
18112172014 | 114037 AM17.147m 1
20/[11721/2014 | 1140 38| AM 17 140m |1
21 11202014 11.40.39 AM 17.148m
22117212014 11-40-40/AM 17 149m
2311212014 114041 AM17.161m
2411212014 11:40:41 AMITA51m 1
2511/721/2014 114042 AM 17 151m T
14043 AM 17 140m
114044 AM17.154m 1
114045 AMAT 15Tm 1
114045 AM 17 156m

30 11/21/2014 | 11,4046/ AM17 186m 1
31 (1172172014 114047 AM 17 155m 1

32/11/21/2014 1140 48| AM 17.167m
3311212014 | 11.40-49 AM 17 A5Tm
34117212014 114043 AM 17 156m
35 11729/2014 | 114050/ AM 17.157m

4 4[» ) data_01/
Berair

17.107m |16 331m
6m 17.111m 16.332m
17.106m16.328m
3m 17 110m 16 336m
17.414m 16.333m
17.112m 16 330m
17.113m |16.336m
17116m 16.33Tm
7 116m 16 336m
17.114m |16 334m
17.115m 16.339m 2.
m 17 117m 16 34im

184m 17 118m 16 243m 2 5
17.161m 17.123m | 16.342m 25

2 5676 25
25
2

Launch MS Excel and select file from USB stick for conversion to MS Excel format.
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9. CALIBRATION VIA 108A FRONT PANEL

A calibration cycle of two years is appropriate. If occasional overloads occur (greater two
times maximum value) we recommend one year calibration cycle.

9.1 EQuIPMENT NEEDED
Voltage: 0.3V, 1V, 3V, 10V, 30V, 100V, 300V, 1000V; 60Hz

Current: 1.5mA, 5mA, 15mA, 50mA, 150mA, 500mA, 1.5A;
1A, 3A, 10A, 20A; 60Hz

9.2. CALIBRATION PROCEDURE

o Set all voltage- and current scaling factors to 1.0000.

®  Select Standard Measure Mode, select 1 second averaging

® Touch [SETUP]. In the pop-up window touch [Calibrate 108A|. Enter your calibration code
7123.

® Touch one of the buttons |Voltage Calibration| or |Current Calibration|.
You will exit to the Standard Measure Mode. The bottom line of the display, will display
the button TAKE VOLTAGE READING or TAKE CURRENT READING depending on
what you selected in the setup menu.
Now proceed with section 9.2.1 Voltage Calibration at 60Hz or section 9.2.2 Current cal-
ibration at 60Hz.

9.2.1 VOLTAGE CALIBRATION AT 60Hz

You must select Sync V. Touch button [TAKE VOLTAGE READING| when values have stabi-
lized. Apply voltage to all phases simultaneously.

Select 0.3V range, apply 0.3V,  wait — touch [TAKE VOLTAGE READING|
Select 1V range, apply 1V, wait  — touch TAKE VOLTAGE READING
Select 3V range, apply 3V, wait  — touch TAKE VOLTAGE READING
Select 10V range, apply 10V, wait  — touch TAKE VOLTAGE READING
Select 30V range, apply 30V,  wait — touch [TAKE VOLTAGE READING|
Select 100V range, apply 100V, wait  — touch [TAKE VOLTAGE READING|
Select 300V range, apply 300V, wait — touch [TAKE VOLTAGE READING|
Select 1000V range, apply 1000V, wait  — touch [TAKE VOLTAGE READING|

If only voltage calibration was needed continue with Section 9.2.3 “Storing the Calibration
Constants”.
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9.2.2 CURRENT CALIBRATION AT 60HZz, SHUNT INPUT CALIBRATION

You must select Sync A.

a.)  Select Current Input IN 5A.

Apply current to all current inputs in series.

Select 15mA range, apply 15mA, wait  — touch TAKE CURRENT READING|
Select 50mA range, apply 50mA, wait — touch TAKE CURRENT READING|
Select 150mA range, apply 150mA, wait  — touch TAKE CURRENT READING|
Select 500mA range, apply 500mA, wait — touch TAKE CURRENT READING|
Select 1.5A  range, apply 1.5A, wait  — touch TAKE CURRENT READING|

b.)  Select current input IN 1A, use 1A input 3 pole connector.

Select 150mA range, apply 150mA wait  — touch TAKE CURRENT READING|
Select 500mA range, apply 500mA wait  — touch TAKE CURRENT READING|
Select 1.5A range, apply 1.0A,  wait — touch TAKE CURRENT READING|

c.)  Select current input , remove 1A input 3 pole connector and insert short circuit
cover.

Select 1A range, apply 1A, wait — touch TAKE CURRENT READING
Select 3A  range, apply 3A, wait — touch TAKE CURRENT READING
Select 10A range, apply 10A  wait — touch TAKE CURRENT READING
Select 30A range, apply 20A, wait — touch TAKE CURRENT READING
Select 100A range, apply 20A, wait — touch TAKE CURRENT READING
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d.) Shunt input calibration at 60Hz

Remove the short circuit cover on the shunt input.
Shunt input Hi

Shunt input Lo

Select shunt input SHUNT].

Apply voltage to all shunt inputs in parallel.

Select 60mV range, apply 60mV, wait — touch TAKE CURRENT READING|
Select 200mV range, apply 180mV, wait  — touch TAKE CURRENT READING|
Select 600mV range, apply 600mV, wait  — touch TAKE CURRENT READING|
Select 2V range, apply 1.8V,  wait  — touch TAKE CURRENT READING|
Select 6V range, apply 6V, wait  — touch TAKE CURRENT READING|

9.2.3 STORING THE CALIBRATION CONSTANTS

At end of calibration the calibration constants are saved in nonvolatile memory.

® Enterthe menu, touch [Store Constants / Exit Calibration.
This stores all calibration constants in nonvolatile memory.
In case you do not want to store the calibration constants press the button
The instrument returns to the Standard Measure Mode.

® Wait at least 2 seconds. After calibration the Power Analyzer must be turned off
and restarted for normal use.

9.3. A FEw PRACTICAL HINTS

® |tis acceptable to calibrate a single voltage range.
® |tis acceptable to calibrate a single current range on the 30A input.
® |tis acceptable to calibrate a single shunt input range.

® |n case one of the ranges of the 5A input, or one of the ranges of the 1A input is out of
tolerance all calibration steps of 9.2.2 a. and b. must be performed.

After calibration of a single range the Power Analyzer must be switched off and on
again.
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9.4. 108A CALIBRATION USING WINDOWS OPERATING SOFTWARE (LABVIEW)

9.4.1 EQuIPMENT NEEDED

Voltage: 0.3V, 1V, 3V, 10V, 30V, 100V, 300V, 1000V; 60Hz
Current: 1.5mA, 5mA, 15mA, 50mA, 150mA, 500mA, 1.5A;
1A, 3A, 10A, 20A; 60Hz

94.2 CALIBRATION PROCEDURE

o Set all voltage- and current scaling factors to 1.0000.
®  Select Standard Measure Mode, select 1 second averaging
® Launch 108A Windows Operating Software (NI LabVIEW)
®  Select Tab 108A/PC11 Control Setting Window

®  Switch slider Calibrate to ON

[ ) Select Tab 108A/PC11 Data Window

9.4.3 VOLTAGE CALIBRATION AT 60Hz

Select Voltage Calibration and press Apply

Calibration Mode Activated

Select >> :” Voltage Calibration

Select Take Reading, DO NOT PRESS APPLY now!

Calibration Mode Activated

Select >> j| Take Reading

Apply voltage to all phases simultaneously.
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|

=R

l

IN 5A
EhutnfMan .
I MAN
;nge SA ..
15mA ¥

U Auto/Man i

;[ umaN
Voltage range .

[T

g

E 300mVvV |

__ Apply 30V from calibrator — wait — press Apply

Select U MAN, U Sync, 300mV and press Refresh
Apply 300mV from calibrator — wait — press Apply

Select 1V and press Refresh
Apply 1V from calibrator — wait — press Apply

Select 3V and press Refresh
Apply 3V from calibrator — wait — press Apply

Select 10V and press Refresh
Apply 10V from calibrator — wait — press Apply

Select 30V and press Refresh

| Seleot 1000V and press Refresh
" | Apply 1000V from calibrator — wait — press Apply

944

CURRENT CALIBRATION AT 60Hz (IN 5A)

Select Current Calibration and press Apply

Calibration Mode Activated

Select >> B Current Calibration

Select Take Reading, DO NOT PRESS APPLY now!

Calibration Mode Activated

Select >> j| Take Reading

Apply current to all current inputs in series (IN 5A).
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jC

.:I

[ Auto/Man

aitage range

urrent Input

Range SA

15mA "\

uman

300mV

I Sync

Select IN 5A, | MAN, 15mA, | SYNC and press Refresh
Apply 15mA from calibrator — wait — press Apply

Select 50mA and press Refresh
Apply 50mA from calibrator — wait — press Apply

Select 150mA and press Refresh
Apply 150mA from calibrator — wait — press Apply

Select 500mA and press Refresh
Apply 500mA from calibrator — wait — press Apply

Select 1.5A and press Refresh
Apply 1.5A from calibrator — wait — press Apply

9.4.5

CURRENT CALIBRATION AT 60Hz (IN 1A)

Apply current to all current inputs in series using the 3 pole connector.

Current Input

Select IN 1A, 150mA and press Refresh
Apply 150mA from calibrator — wait — press Apply

Select 500mA and press Refresh
Apply 500mA from calibrator — wait — press Apply

Select 1.5A and press Refresh
Apply 1.0A from calibrator — wait — press Apply
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9.4.6 CURRENT CALIBRATION AT 60Hz (IN 30A)

Remove 1A input 3 pole connector and insert short circuit cover. Apply current to all current
inputs in series

Current Input |

IN 30A Select IN 30A, 1A and press Refresh

1 Auto/Man Apply 1A from calibrator — wait — press Apply

Select 3A and press Refresh
Apply 3A from calibrator — wait — press Apply

: Auto/Man
%m Select 10A and press Refresh
g | Apply 10A from calibrator — wait — press Apply

Select 30A and press Refresh
Apply 20A from calibrator — wait — press Apply

Select 100A and press Refresh
Apply 20A from calibrator — wait — press Apply

9.4.7 CURRENT CALIBRATION AT 60Hz (SHUNT)

Remove the short circuit cover on the shunt input. Apply voltage
to all shunt inputs in parallel.

\ - Shunt input Hi

Shunt input Lo

Current Input

‘I sHunt  |Select SHUNT, 60mV and press Refresh
T Apply 60mV from calibrator — wait — press Apply

A 1mAN
Select 200mV and press Refresh
somv v |Apply 180mV from calibrator — wait — press Apply

U Auto/Man
[ uMAN

Select 600mV and press Refresh
Apply 600mV from calibrator — wait — press Apply

Voltage range

*[ 300mv

"

Select 2V and press Refresh
Apply 1.8V from calibrator — wait — press Apply

I Sync

Select 6V and press Refresh
Apply 6V from calibrator — wait — press Apply

1s

page 75



9.4.8 STORING THE CALIBRATION CONSTANTS
Select Store/Exit Calibration and press Apply

Calibration Mode Activated

oL Erd | Store/Exit Calibration

This stores all calibration constants in nonvolatile memory. In case you do not want to
store the calibration constants (abort calibration process), the instrument uses the previ-
ous stored calibration constants.

Wait at least 2 seconds. After calibration the Power Analyzer must be turned off
and restarted for normal use.

9.4.9 A FEwW PRACTICAL HINTS

® |tis acceptable to calibrate a single voltage range.
® |tis acceptable to calibrate a single current range on the 30A input.
® |tis acceptable to calibrate a single shunt input range.

® |n case one of the ranges of the 5A input, or one of the ranges of the 1A input is out of
tolerance all calibration steps of 9.2.2 a. and b. must be performed.

After calibration of a single range the Power Analyzer must be switched off and on
again.
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10. AMENDMENT

10.1 ELECTRIC MOTOR TESTING USING INFRATEK 108 A-6 HIGH PRECISION POWER
ANALYZER

The 108A-6 equipped with Option 03, (6 analog inputs, 2 digital inputs, and 12 outputs) per-
forms all required measurements for motor testing.

300V 00 I 500 EC 50 ECT 50 E 50 ECVA 50 INsA
10 ofF JAuT0 oFF [4A roort fn 100¢F |§ AUT0 OFF | AUTO OFF [ AUTO OFF | ATO OFF | AUTO OFF |AUTO OFF

o ore f unore Jastoors favroors
([ ims ss.eom || ss272m | ssi7sm | ss3ssm | sszesm | ssieim CEEEEC
. I vims 21032 21056 21428 21377 21081 21101 oL
-
Use the Infratek operating Software to per- O T EO EE T EET
1 : | 500mA
. <[ Motor(1) 50.696 50.681 000.00m 1.0000 000.00m 999.69m
form motor tests in STANDARD measure ‘EWgtoR@I] <573z | 45527 |[ooooom || 10000 | ovoom | so5esm AU mAN
. . T Zwmag | 227.67 23419 21014 230.52 223.64 232.00
mode_ Values at d|fferent motor operat|ng {[ ZPhase | -72.850 -72.702 -78.958 -84.638 -70.515 -69.219 {300V
m'hmgyi Analog in || 1.3722 1.3672 1.3665 1.3645 1.4864 1.5063

points can be stored and viewed when done. |

nnnnn

B stop

108A Computer Software

The 108A scalable analog inputs can be used for torque-, temperature- and vibration mea-
surements. Two scalable TTL-inputs are for speed- or torque measurement. An external syn-
chronization input per phase from an encoder can be used to synchronize measurements to
the pole position.

The 108A-6 measures two motors simultaneously: input power, output power, torque, slip,
speed, and efficiency of every motor, as well as harmonics of current, voltage, power, impe-
dance, and phase angle. For none sinusoidal signals (trapezoidal wave-forms or frequency
inverters), we recommend to use the fundamental of impedance and fundamental of phase.
From these values the motor inductances L, L4, Lq and the motor resistances R = Rm + Rac
can be determined.

The motor DC-resistance is obtained by applying a DC-current: Rdc = Pdc / 1?dc. Rm is a mag-
netization dependent loss.

L15AAs I25AAs | L35AAs | L4 5A As | pagE 1

. T EETTE The 108A display and the computer software
v | 212.23 | 21429  212.85 21045 soomn screen can be configured to the user’s needs.
watt | 14.337 | 18.582 16.860 15.563 | 300y _
MiM2iM3| 49.779 | 49.764 | 000.00m 0.0000 | g s M1| M2| M3| = Input power, output power,
mansine| 1.0000 | 000.00m 999.68m 0.0000 [ M4| M5| M6 —tglirgu?pm ey
201 | 259.68  256.69 245.08 249.63 | .- Phi01 _ Pha,se ar;gle of fundamental
hiot | -75.140 -79.689 -68.895 -72.537 ——— A1l A2| A3 Analod inouts 1. 2. 3
andart =
MIA2la3| 1.3664 1.3667 1.3668 0.0000 | A2] A3] halog Inputs 1, <,

HOLD AC+DC L3-16 FFT Table Reset Wh SETUP
108A Display Screen
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10.2 EFFICIENCY MEASUREMENT OF AN INVERTER DRIVEN INDUCTION MOTOR IN
STEADY STATE

| Current sensor

@

[t}
v

-

i Inverter

3-
=

Torgue | |
sensor | |

Pulse
encoder

Load

Overall Efficiency = 4TU* rotation per second*torque/(nr_poles)*(P1+P2+P3)

First, run a no load motor test. The interface command “COMP:MOT1_Loss?” stores the mo-
tor loss. For tests on loaded motor this loss is subtracted to compute motor output power.
With the command “COMP:MOTOR1?” all motor values: input power, output power, torque,
slip, speed (rpm), and efficiency are sent to the PC.

Reset Energy

17.06.2015/15:29:09

115200

EL 500mA | ERCT 500 ELT 500mA | ETTVNN 500mA | EUAN 500mA | ETIIN 500mA [ETRETYI-y-u
AUTO OFF |[§ AUTO OFF | AUTO OFF JAUTO OFF § AUTO OFF JAUTO OFF [§ AUTC OFF | AUTO OFF 8 AUTO OFF | AUTO OFF [§AUTOOFF | AUTOOFF [OIL
i Irms 553.60m | 552.72m | 551.75m | 553.55m || 552.63m | 551.61m = FiARRT |
£l rms 210.32 210.56 214.28 213.77 210.81 211.91 .
8 16.475 15.493 18.727 15.134 15.500 15.108
il 50.696 50.681 000.00m | 1.0000 000.00m || 999.69m
| 45.742 45.727 000.00m | 1.0000 000.00m | 999.65m jﬂm
=l 227.67 234.19 219.14 230.52 223.64 232.09
A ||-72.850 -72.702 -78.958 -84.638  1-70.515 -69.219
I Ar 1.3722 1.3672 1.3665 1.3645 1.4864 1.5063
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The external torque- and temperature inputs are transferred to the PC by the command
“‘COMP:ANIN?”. Run tests at different loads to obtain graphs of slip versus torque, input po-
wer versus torque, and efficiency versus torque. Remember, the speed- and torque inputs
can be scaled to read actual rpm and Nm.

10.3 CIirRcuUIT MODEL OF AN ASYNCHRONOUS INDUCTION MOTOR

R+ ﬂ X
| Slip (e Torgue Nm
, " 'T: Perform a no-load test
¥ and a blocked-rotor
test.
1242*R 1 The circuit elements
Vl Go Bo 12 ¥ GD — can be determined.
Slip* ©
Q in rad/S

Circuit model of one phase

No-load test
Measure the fundamental of voltage, current, impedance and phase angle. Calculate Go and Bo.

Blocked-rotor test:

Measure the fundamental of voltage, current, impedance, and phase angle. From a DC mea-
surement obtain the ohmic resistance Rdc. Approximate R = 0.5Rdc. Calculate R1 and X
from fundamental of impedance and phase.

Once the elements of the equivalent circuit are determined various motor characteristics can
be plotted, such as: torque / power / power-factor versus slip.

10.4 MEASUREMENTS ON LOADED MOTOR

Operate the motor at various load points. Store the measurements using the PC Operating
Software, alternatively store the measurements on the Power Analyzer in Excel. Plots like
torque versus slip, input power versus slip, and many more graphs can be obtained.
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Torque and power versus slip. Motor is star Power Factor, efficiency, and phase current
connected. It is operated by 50Hz power versus slip.
line.

10.5 MEASUREMENT OF START-UP BEHAVIORS OF INVERTER DRIVEN INDUCTION
MOTOR

<o
-
<

Torque | | Pulse
sensor [ | encoder Load

(_b) n{} Inverter —§

=]

=
e

- ||| “ -

Select LOGGING Mode

Select voltage- and current ranges such that at start-up no range overload occurs. Select cur-
rent- or external synchronization to all installed phases on the 108A, set “CYCLE” to 1, 2, 3,
or any other value. Apply the synchronization to all phases installed in the Power Analyzer.
Finally start the system.
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If you selected DYCLE = 1 the 108A sends every period one data set per phase to the PC. A
6-phase instrument sends 6 data sets to the PC, phase 1 first. Each data set contains: Fre-
quency, A, V, W, PF, VA, Wh, and VAh. A 6-phase 108A transmits 6 data sets per 20ms
(maximum speed). Stop the measurement when the system is in steady state and analyze the
data using EXCEL.

10.6 SIMULTANEOUS MEASUREMENT OF 2 SYNCHRONOUS MOTORS (PMSM,
BLDC)

il | = :
1Tj I

= | Torgue |1l Pulse I
: ':}J.IIEl: sensor [I[[[| encoder Load
" I

Inverter

Interface

A wide range of synchronous motors are on the market (PMSM, IPMSM, BLDC). The power
consumption ranges from mW to 500kW. Many different constructions are in use. They all
have in common that the magnetic field rotation (2 phase or 3 phase) is electronically gene-
rated. A wide range of speeds (rpm) are available.

10.7 ADVANTAGE OF THE 108 A POWER ANALYZER

For medium size-, small-, and very small motors the 108A provides per phase 3 direct current
inputs: 1mA-2A, (for small motors) 15mA-7A, and 1A to 40A (for medium size motors). For
very large motors high precision (0.004 %) broad band current sensors up to 700A are avai-
lable.
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The sensor output is simply connected to the TmA-2A input on the 108A. To display actual
currents, scaling per phase is available. Also, analog inputs and speed inputs can be scaled.
The 108A measure all motor parameters, current, voltage, power, and their harmonics, impe-
dance, and phase angles simultaneously. This is important because electronically generated
waves include harmonics (BLDC) and noise (PMSM).

10.8 CIrRcuUIT MODEL OF A SYNCHRONOUS MOTOR
Rs Xs=2T7tf Ls

NELIGH e U N

! E=EMF® (1) Torque

Qin rad/s

Phasor representation
Synchroneous Motor Circuit Model of one phase neglecting Rs.

Normally, in a synchronous motor Rs is much smaller than Xs.

10.9 FROM A BLOCKED ROTOR TEST

Rs + Xs can be determined (Rs and Xs are somewhat current dependent). Measure impe-
dance and phase angle 0: Z = Rs + j2xf Ls. From this simple model the electromotive force E
and power angle ¢ can be calculated.

Maximum torque developed by a PMSM-, IPMSM, or BLDC-motor depends very much on its
construction. The torque is a function of power angle 3. Their main advantages are low loss
and the ability to run at very high speeds (IPMSM).

(There is no need to go through the trouble to perform the mathematics of Clark Transfor-
mation followed by the Park Transformation to get to the d, q - coordinates. It remains the
proof that Ls = ¥4VLd?+Lg2. For PMSM Ld = Lq, high speed motors IPMSM Ld < Lq).

PMSM = Permanent magnet synchronous motor
IPMSM = Interior permanent magnet synchronous motor
BLDC = Brushless DC electric motor
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10.10 DETERMINATION OF SYNCHRONOUS INDUCTANCES LD AND LQ OF IPMSM AND
PMSM

The equivalent phase model of PMSM and IPMSM are shown below (PSPM = permanent
magnet synchronous motors). R represents the sum of ohmic losses (Rohm) plus magnetic
losses (Rm). Ld and Lq are the equivalent inductances along the d-axis (direct axis) and the
g-axis (quadrature axis).

R
Id N g R o
+
vd C) el A Vq

(WelLa Iq
We|Ld Id
O +/\' _e +
O o
d-axis circuit g-axis circuit

The ohmic losses are temperature dependent Rohm = Ro(1+0At), the magnetic losses are ma-
gnetization dependent due to non-linearity.

Ld and Lg are measured in a locked motor shaft test. This implies wel = 0, or the voltage
sources of the equivalent circuits are zero.
Lg, and mainly Ld are somewhat current dependent.

10.11 MEASURE D-AXIS INDUCTANCE LD

Step 1: Align the rotor to phase a. Connect DC-
Id a supply as shown. The current Id aligns the
rotor into the d-axis, electrical angle = 0°.

+ Step 2: Lock the rotor shaft.

Step 3: Replace the DC-supply by a variable fre-
quency AC-Source. Apply current Id.

R R Step 4: From the 108A display read frequency f,
|Z01|, PhiO1, (use current synchroniza-
c b tion).

Step 5: Calculate: R = 0.667 « |Z01|cos (Phi01)

Xd =0.667 - |Z01| sin (Phi0O1)
Alignment into d-axis Ld = Xd / 21if
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10.12 MEASURE Q-AXIS INDUCTANCE LQ

a Step 1:
R Step 2:
Lq
Step 3:
Step 4:
DC-supply Step 5:
Alignment into g-axis
Step 6:

Current Iq aligns the rotor into the
g-axis, electrical angle = 90°.

Lock the rotor shaft firmly, Iq gene-
rates torque.

Replace the DC-Supply by a va-
riable frequency AC-Source. Apply
current Iq.

From the 108A display read fre-
quency, |Z01], Phi01, (use current
synchronization).

Calculate: R = 0.5 |Z01|cos (Phi01)
Xq = 0.5 [Z01] sin (Phi01)
Lqg = Xq/ 2nf

Repeat step 5 at different current
levels. Plot Lq versus current.

10.13 MEASURE OHMIC COMPONENT OF LOSS RESISTANCE R = ROHM + Rm

Idg a Step 1: Connect DC power supply.
R Step 2: Measure Vdc, Idc, and Pdc
+ using 108A.
G) DC-supply L Step 3: Calculate Rohm = Pdc/ I?dc
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10.14 BAcK — EMF (BEMF)

To measure the BEMF the shaft of a PMSM / IPMSM is turned by an auxiliary motor at cons-
tant speed wel.

Auxiliary
Motor

Phase a

Phgge b

Phase c

i

protecti\;e ground
or center tap of motor

Step 1: Connect Va, Vb, Vc to phase 1,
2, 3 of the 108A. (use voltage
synchronization).

Step 2: Display VO1a, V01b, VO1c the
fundamental of voltage and fre-
quency.

Step 3: Calculate the BEMF peak va-
lue.

Vapeak = 1.41 - V01a
Vbpeak = 1.41 - VO1b
Vcpeak = 1.41 - VO1c

Calculate k= Vpeak / 2mrf [Vs / rad].
k is a constant used for motor control.

10.15 TRANSIENT PERFORMANCE OF SYNCHRONOUS MOTORS

The 108A also measures motors in transient state (start-up, speed change, load change)
using the Logging measure mode or the Power-Speed measure mode.

Logging Mode

Logging

L1 5A Vs L2 5A Vs L3 5A Vs |Average
Sum

Frea | 50.438 | 50.441 | 50.438 IN 5A
arms | 30.753 | 30.807 | 30.760 AUTO A
Vrms 234.30 234.29 234.38 AUTO V¥
wa | 7.2036k 7.2156k | 7.2060k Sync v
PF 999.70m| 999.69m| 999.46m o
VA 7.2058k 7.2178k| 7.2099k WAVE
Wh 30.984 31.036 | 30.994
VAh 30.993 31.045 | 31.011 ;

I P [ [

At end of programmed time interval

(1, 2, 3, ... periods), frequency, A, V, PF,
VA, Wh, and VAh of each phase are trans-
mitted to the PC. Data are stored. In
EXCEL graphs can be generated.
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Power Speed Mode

e e i s Bl R | : ) )
BOSUS 50mV | 0.0V 60mV [L0.aWs 60mV_ 0.3V 60mV Use it for high speed IPMSM with

11078 | | | L ¥ < UNT fast changing signal frequency. In
eoomih | | ‘ | ] }/‘ ‘ | AUTOA|  20ms intervals averaged current
| l/ | | AUTOV and voltage, 3-phase power, 3-
| 222.9mRpr W T E— phase apparent power, and
1 ; | Synces speed (rpm) are sent to PC. In
== i | . 15,__ EXCEL graphs like power versus
! ' rom can be drawn. Plots on the
108A display are drawn.

Transient wave

Sum
30.766 A

IN 5A
23455v A_A A A A A AIA A A A A A A .
7214kW NN N V VIV V VY AUTO A

At operating points of interest the
AUTO VT simultaneous wave forms of all 6
?%fégkg RALA A A A AR AR R R AR sync v | phases can be viewed (current, vol-
' vV VvV NETW " tage and power). To view details sec-
S
: tors of wave forms A, B, C, or D can
30.778 A WAVE | pe expanded.

23462V A A A A A A AIA A A A A AN
7275k I NV V VYV V VWV Transient

| 0.255

BACK Zoom A Zoom B Zoom C Zoom D
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