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1. INTRODUCTICH AND SPECIFICATION
1.1. Introduction

This manual provides specifications, operating instructions, and
service instructions for the 304B Three Phase Precision Wattmeter.

1.2, The 304B Three Phase Precision Power Analyzer

The model 304B Power Analyzer measures and computes 48 gquantities
simultaneocusly {on three phases). Four of these are displayed on
the 40 character vacuum fluorescent display (selectable by front
panel controls). The current- and voltage inputs are galvanically
isolated and may float 1400V (peak) against each other and against
ground. They cover the freguency range DC to 100kHz. Current and
voltage are measured by converters. Power is determined by
sampling the instantaneous values of current and voltage.
Averaging can be selected in 4 steps. From current, veltage, and
power the remaining quantities are computed. The 3-Phase Precision
Power Analvzer is also capable to operate in a triggered mode. A
measurement cycle startg to a front panel control input, or a
trigger input from the rear panel or from the IEEE-488 interface.
In triggered mode 46 guantities are determined within
appreoximately 0.8 seconds. After measurement completion all
quantities can be displaved or read over the interface bus.

The universal recorder output c¢an be programmed from the front
panel to output cne out of 9 gquantities (RMS current, RMS voltage,
or power of phase 1, 2, or 3).

The multifunction recorder outputs 10 gquantities simultanecusly.
The IEEE-488 interface allows complete control of the instrument
function.

1.3. Features
Features of the 304B include:

0.1 % accuracy

Simultaneous measurement of 48 quantities on 3 phases
Simultaneous display of 4 guantities

Inputs galvanically isclated

Wide freguency range, DC to 100kHz

AC- or AC+DC-Coupling

Versatile talk-only programming

Timer function for energy summation

Programmable for 3-Wattmeter or 2-Wattmeter measurement
Individual scaling of voltage and current on each phase
Non=volatile memory for programmed data




Automatic or manual ranging

7 voltage ranges 2V, 6V, ..., 1000V

3 current plug-ins, 20mA toc 150A per phase
Simple to operate

Optiong: Freguency measurement, IEEE-488 interface,
universal recorder output, Multifunction
recorder output, standard and coaxial shunts.

1.4. Measured Quantities and their Definitiocns

The 304B measures simultaneously the following 48 guantities on
prhase 1, phase 2, and phase 3.

Current inputs (AC- and AC+DC-Coupling)

True ERMS

Rectified Mean

Mean

Average currents of all 2 phases

&0 @

Voltage inputs (AC- and AC4+DC-Coupling}

® True RMS

® Rectified Mean

@ Mean

@& Average voltages of all 3 phases

Current and voltage inputs (AC- and AC + DC-Coupling)

® Power: Pl, P2, P3, and 3Pl + P2 + P3
® Apparent Power: S1l, s2, 83, and 81 + 52 + 83
& Magnitude of
react. Power: QL, 92, @3, and s0L + Q2 + Q3
Power Factor: (Phase 1, 2, 3)

Energy (positive and negative) of all 3 phases
Magnitude of load impedance (phase 1, 2, 3)

Registive part of load impedance (phase 1, 2, 3)
Correction of apparent power 1n 2-Wattmeter measurement




Mathematical Definitions T

Al n
True RMS (A,, Vi): (1/nT /: 12 ae)l/2, (1i/nT ) w2 ae)l/?
n al-
Rectified Mean{a,, Vi): 1/nT JE [i] dt, 1/nT J{ |v| 4t
nl, -
Mean (A=, V=): 1/nT JF i odt, 1/nT jnv at
o g=
nl,
Power (W): 1/nT v -1-dt Reactive
e Loparent Power
Average Voltage: (V1 + V2 + Vv3) /3 ﬁpp
Average Current: (a1 + &2 + A3) /3 ower
Apparent Power (VA) = Ipus VEMS

Fower
Power Triangle
Magnitude of reactive Power (VAR) = Igms - YrMS sinf

Power Factor (PF) = Power / Apparent Power

¢ * t
Energy (Wh) = JﬂPldt + ([PZdt + ‘£§3dt (P1 = Power Phase 1)
o o

Magnitude <f load impedance {|2]} = VeMs !/ Imms

. , VRMS
Resistive part of load impedance (ReZ) = * COsP

Trus

P =Pl + P2 + P3 (total power of phase 1, 2, and 3)
s =81 + 82 + 53 (total apparent power of phase 1, 2, and 3)
0 =91 + Q2 + Q3 (total reactive power of phase 1, 2, and 3)
PF = P /FS {average power factor)
2-Wattmeter measurements: {Use 2-Phases only)

Si = I+ms Vymss Average Voltage/Current: x = xl+x2/2
TS = (S1+482) J3/2: (S1+83) ¥3/2; (S2+483) V3/2
TP = (Pl+P2); (P1+P3); (P2+P3)

7o = |el] + e2|; |ez| + |o3); [o1| + [03]




1.5.

CURRENT

Ranges:

24 plug-in:

10A plug-in:

30 plug-in:

150A plug-in:

100A shunt:
Voltage plug-in:

Maximum Save Input:

Display:
with scaling

Frequency Range:

SPECIFICATIONS

20maA, 60ma, 200ma, 600maA, 2A {1/ )
200mA, 600mA, 2A, 64, 20al) (0.1n )
2R, BA, 20R, 804, ...2) (10m~n )
0=-200mA, 0-500mA, 0-2A, 0~8A, 0~20A, 0-~60A,
0=-150a

20, B0A, 2002, ...3) (lmn )
1lmvV=1A, range 0-20mV, ., 0-2v

2A plug-in: 32, 3 minutes

10Aa plug-in: 104, 30 seconds
304 plug-in: 304, 30 seconds
100A shunt: 200A, 30 seconds
Voltage plug-in: 20V max.

G-2045
0-6135
0-99238

for 2/20/200 ranges
for 6/60/600 ranges

DC+AC-Coupling: DC-100kHz
AC-Coupling: 15Hz-100kHz

ACCUracy: 1 year, 18-23°C, all ranges

True RMS (Ar) T +{(0.1 % of input + 0.1 % of range) 40Hz-1000H=
Rect. Mean (At) +{0.1 % of input + 0.2 % of range) DC:15Hz-40Hz
Mean (A=) | 1kHz-20kHz
True RMS

Mean +(2.0 % of input + 0.3 % of range) 20kHz-100kH=z
Rect. Mean

1) 7A per phasge 2) 22A per phase cont. 3) 100A per phase cont.

cont.

*Detailed Specifications given in section 2.24

Crest Factor:
Temp. Coefficient:
VOLTAGE

Ranges:

Maximum Input:

Digplay:

with scaling

o
©

Exceeds 3:1 at 50 full scale

+(0.01 % of range} /°C

2V, 6V, 20V, 60v, 200V, &00v, 1000vd)

A1l ranges: 1000V RMS or 1400V peak
0-2045 for 2V,
0-6135 for &V,

0-99999

20V,
8OV,

200V, 1000V ranges
600V ranges




Frequency Range: DC+AC-Coupling: DC-100kHz
AC-Coupling: 15Hz-100kH:z

Accuracy: 1 year, 18-25°C, all ranges
True RMS (Vr) —~ {+(0.1 % of input + 0.1 % cf range) 40Hz-1000Hz
Rect. Mean (Vt) L +(0.1 % of input + 0.2 % of range) |[FDC:15Hz-40Hz

] L 1kHz-20kHz
Mean (V=) +(0.3 % of input + 0.3 % of range) 20kHz-50kHz
True RMS
Mean } (0.8 % of input + 0.4 % of range) 50kHz-100kHz
Rect. Mean +(1.0 % of input + 0.4 % of range}

4) Accuracy limited
Crest Factor:

Temp. Coefficient:
Input Impedance:

Volt-Hertz Product:

POWER
Ranges:

24 plug-in:

102 plug-in:

30A plug-in:

10CA shunt:

Voltage plug-in for
external shunts:

Display
(102 plug-in}
with scaling

Maxzimum Input:

Frequency Range:

Temp. Coefficient:

to 1 minute coperating time at voltages >700V.
Exceeds 3:1 at 50 % full scale

+(0.01 % of range) /°C

1Mohm / 20pF

1 = 107VHz

{Power ranges result by multiplyving

current range x wvoltage range)

40mW, 120mW, 360mW, ..., 2000W per phace
400mW, 1200mw, ..., 20kW per phase

4w, 12w, ..., &0kW per phase

40W, 120W, ..., 200kW per phase

Power rangeg depend on ghunt resistance
0-418.2mW, 0-1254mW, 0-3.764W etc. per phase
0-999999

Ag in current and voltage section

DC+AC-Coupling: DC-100kHz
AC~-Coupling: 15Hz-100kHz

+(0.02 % of range) /°C




Overlead: Voltage and current levels exceeding the
linear operating range for power measurement
are indicated by "I-UP" and "U~UP" Led and by
display blanking.

Accuracy: 1 vear, 18-23°C, power factor 0.3 te 1.0, alil
ranges

Continuous +(0.1 % of input + 0.1 % of range) 40Hz-400Hz

sampling +(0.1 % of input + 0.2 % of range) |[15Hz-40Hz,
400Hz~1kHz

AVGE=2 +(0.2 % of input + 0.35 % of range)| DC

Random +(0.5 % of input + 0.3 % of range) DC-20kHz

sampling +(1.0 % of input + 0.5 % of range) 20kHz-60kHz

AVG=4 +(2.0 % of input + 0.8 % of range) 60kHz-1G0kHz

Accuracy limited to 1 minute operating time at voltage >700V, and

currents >7A

shunt).

(10A plug-in), »>22A (30A plug-in), and >100Aa (1002

For power factor <0.5 multiply accuracy percentage figures by 2.

Apparent Power:

Magnitude of re-
active Power:

Power Factor:

Energy:

Magnitude of
load impedance:

Resistive part of
load impedance:

2dd accuracy percentage figures given for RMS
voltage and RMS current.

Add percentage figures given for RMS wvoltage,
RMS current, power and apparent power. For
power factors from 0.8 te 1.0 multiply
accuracy percentage figures by 2.

Add accuracy percentage figures given for
power and apparent power.

Continuous sampling: 0.4 % of reading
Random sampling: 1 % of reading, DC-20kHz; 3 %
of reading 20kH=z-100kH=z.

2Add accuracy percentage figures given for RMS
voltage and RMS current,

Add accuracy percentage figures given for RMS
voltage, RMS current and rpower factor.




General

Input type:

Common Mode:
Reijection:

Display:

Controls:

Response time:

Ranging:

Warm-up time:

Power:

Size:

Weight:

Floating type, inputs are galvanically
isolated. Igolation voltage 3kV/50Hz for 1
minute.

Current input 120d4B at 30/60Hz
Voltage input 1004B at 30/60Hz

4% character, Smm  high wvaccum fluorescent
display. Four guantities including sign and
units are simultanecusly digplayed. The
selected averaging 1, 2, 3, or 4 1s always
shown in the last character (to the right of
the display).

The controls below the display are defined in
the secticn "mathematical definition” of the
manual. The three contrels PF/{(I/U), Wh, and
|Z2|/ReZ have double function purpoese. Ths
control PF/({I/U) allows viewing of the
selected current and voltage range. The
control field to the left of the display is
for the selection of the ranging and coupling
mode. The control field to the right of
the display iz for the sgelection of the
sampling mode and run/hold mode. The two
controls Phase 1, 2, 3, and ¥ P, S, Q are for
the selecticn of the display quantities.

The sampling mode "CONT SAMPLING" is provided
for signals below 1kHz, and "RAND SAMPLING" is
provided for signals above lkHz.

Current and wvoltage: 1 second to rated
accuracy. Power and related guantities:
response time depends on sampling mode and

averaging. Min. 0.8 sec. (cont. sampling,
AVG=1), max. 20 sec. {rand. sampling,
AVG=4) .

Automatic for current and voltage section, or
manual with up-range- and downrange control.

2 minutes for reading within specified
accuracy.

220V (110V) +20 %/-10%
50-6QHz/48VA

H=x W=xD; 132mm x 450mm x 300mm

7.8kg




Recorder Cutputs: The recorder option cutputs a user-selectable

analog signal proportional to RMS current, RMS
voltage, or power. +2V output for fullscale
display. The gquantity to be output is front
panel selectable.
The multifunction recorder (Option 08) outputs
10 signals propertional to 3 x  Arms, 3 X
Vrms, 3 X W, and W. The signal range is 0=-2V.
Pogitive W-display is required. Accuracy 0.4%.

IEEE-488 Interface The option allows complete control and data

Functions: output capability, and supports the following
interface function subsets: SH1, AH1, T5, L4,
SR1, RLl, Dcl, DT1, El, TPO, and CO.

Freguency Measure- Freguency of current signal phase 1 is
ment: measured. 10Hz-8kHz. Accuracy 0.2 % +4Hz.

Specifications subject te change without notice.

1.6. Summary of Programming Functions

Setting Scaling Factors:

Select "HOLD"——»Press "SCALE" —wPregs "SCALE A" or "SCALE V"
—— Set scaling factor from kevboard numbers — Press "ENTER"
Press "RUN".

Setting 3-Wattmeter or 2-Wattmeter Configquration:

Select "HOLD" —+®Press "SCALE" ——Press "aVG" (Display toggels 2-W
to 3-W configuration) ——»Press "RUN".

Setting Energy Timer Function and Time:

Select "HOLD" —— Press '"SCALE" — Press "WhRES" (The timer
function is activated when /T is displaved and deactivated when /-
is displaved) —=Press "RUN".

Setting Time:

Select "HOLD" —*Presg "SCALE" —*Pressg "3 " (Talk-cnly setting
and time are displayved) — Press "ENTER" ——»Set time in seconds
from keyboard numbers —sPress "ENTER".




Setting Talk-only Output Functions:

Select "HOLD" —»= Press "SCALE" — Pressgs " X" (Talk-only setting
and time are displayed) —s Press all those functicn keys {Ar, Az,
Vr, W ...) vou want to output to your printer — Press "ENTER"
{The new set of output functions is now displayved) — Select time
in seconds from keybocard numbers —=Press "ENTER".




2. QOPERATING INSTRUCTIONS
2.1. Introduction

This section provides instructions for installing and operating
the 304B. Refer to section 2.16. for measurement considerations.

2.2. Installation

The 304B has a rear panel power-line fuse in series with the power
supply. A 250ma&, 250V slo-blo fuse is installed in the factory and
the voltage selector switech 1s set for 195V-250V coperation. For
operation with power-line voltages of 98V to 125V, the fuse must
be replaced by a 500mA, 250V slo-ble fuse and the voltage selector
switch set for 98V to 125V operation.

WARNING: To avoid electric shock, remove +the power cord
before replacing the line fuse.

2.3. Connecting to Line Power

WARNING: To avoid shock hazard, connsct the instrument power
cord to a power receptacle with earth ground.
Tc aveid damage, check that the rear panel line
voltage selector switch 1s set to the correct line
voltage.

2.4. Adjusting the Tilt Stand
At the bottom plate of the instrument are four tilt stands to

adjust the wviewing angle for bench-top use. Tec adjust their
positlon, press in one end and rotate them to a stop position.

2.5. Rack Mounting Kit
You can mount the 304B in a standard 1S-inch rack panel using the

two rack ears. One rack ear is installed con each instrument side
panel.

2.6. Operating Features

When the 304B is turned on, it performs an initialisation of its
internal digital circuitry. It then reads in the type of current




plug-in in use, determines the options installed, and sets the

internal status. The 304B then assumes the following
configuration:
Autorange: Starting in the 1000V range and in the

highest current range
Continucus Sampling
Run (Continuous measurement)
AC-Coupling
Averaging 1
Display of phase-l-values: Igys, Ugmg. P, Power Factor

NOTE: When the current plug-in is changed, the 304B nmust
be turned off. A new initialisation 1s required.

2.7. Front and Rear Panel Features

Front panel features are explained in Figure 2.1. Rear panel
features are explained in figure 2.2. Refer to secticn 1.4. for
the definition of the measured quantities.

2.8. Display Features

The 304B features a 40 character vacuum flucrescent display. In
the normal RUN- or HOLD-mede four gquantities including units are
digplayved. These gquantities are selected in the control field
below the display. The last character of the display shows the
selected averaging indicated by numbers 1, 2, 3, cor 4.

2.9. Overrange / Underrange Indication

&4 current or voltage input 1s overrange 1if 1t exceeds the full
gcale of that range or if the instantaneous peak values exceed the
operating range of the A/D-converters. The 304B indicates an input
(phase 1, phase 2, or phase 3) is overrange by lighting the I-UP
or U-UP Led in the range contrel field and by blanking the
corresponding guantity on the display. When the input falls below
30 % of selected range the I-DOWN or the U-DOWN Led is lighted.

CAUTION: There 1s no additicnal overrange indication, other
than described above, when inputs exceed maximum
allowable values.
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2.10. Ranging

Measurement ranges of all three prhases can be selected
simultaneously using either autorange (Led AUTCO 1is lighted} or
manual range (Led MAN is 1lighted). The 304B displays explicit
units in every current and voltage range, so that the displaved
guantities may be read directly.

Autorange: In autorange the 304B goes to a higher range when the
current or voltage input exceeds 2045, or 6135 counts (ranges are
2/ 6/ 20/ ...), or when the instantaneous peak values exceed the
A/D-Converter operating range. The 304B goes to a lower range when
the input falls below approx. 30% of full scale (600, resp. 1800
counts). For freguency inverter applications use manual ranging.

Manual-Range: In manual range, the 304B remains fixed in the
selected range until you select another range or press AUTC RANGE.
The user is guided by the UP- and DOWN range Led indicatorsg. To
select the next higher current range press the I-UP control once.
To select the next lower range press the I-DOWN control once. The
same procedure applies for the voltage ranges.

Always use manual ranging for freguency inverter measurements.

2.11. Sampling

CONT ({continucus) or RAND (random) sampling is scelected and
indicated in the contrel field to the right of the display. The
instrument starts up in the CONT sampling. To select RAND sampling
press the sampling control once (Led RAND lights up). To go back
to CONT sampling press the sampling control again.

CONT sampling: When the fundamental fregquency of current and
voltage to be measured is less than 1lkHz gelect CONT sampling.
Power is now determined from a minimum of 1800 continuocus samples
of current and voltage. High harmonic content does not intrcduce
errors. For most power measurements averaging 1 will suffice, CONT
sampling should always be selected when the fundamental freguency
is 1less than 1kHz because higher accuracy for power and faster
measurement cycles result. Precise power measurements of periodic
signals down to 10Hz within one measurement cycle (approx. 0.8
sec,) can be made.

RAND sampling: When the fundamental frequency of current and
voltage to be measured is greater than 1kHz we recommend to select
RAND sampling.




In RAND sampling mode, power 1s determined from 1 to 8 measurement
cvcles. Each measurement c¢ycle consists of 4000 randomly modulated
samples of current and voltage. The displayed power value per
phase iz the average of a number of measurement cvcles determined
by the selected AVG (averaging) as follows:

AVG Number of measurement Number of samples
cycles

1 1 4,000

2 2 8,000

3 4 16,000

4 8 32,000

Best accuracy 1s ocobtained with AVG=4. With increasing AVG the
response time of the instrument to attain the final power value of
all three phases 1is increased, and is for AVG=4d approx. 20
seconds.

2.12. Averaging AVG

The averaging is selected by the contrel 2aVG and iz always
disgplaved as a number from 1 to 4 in the right most character of
the vacuum fluorescent display. Each time AVG is pressed, the AVG
number is increased until it reaches 4. Pressing AVG again will
reset the AVG number to 1, etc. The AVG-number only affects the
power averaging, that is, the number of samples taken for power
measurement is contrclled by the AVG-number. It dees not affect
the wvoltage- or current measurement. The table below shows the
dependance of the number of samples and Iinstrument response time
to reach final value (P, 8, ¢, PF, Z) to a step input.

Number of samples Power response time, step input

AVG CONT RAND CONT RAND

1 > 1,700 4,000 ~Q,8 sec ~ 2.3 gec

2 > 3,400 8,000 ~1.86 sec ~ 5.0 sec

3 > 6,800 18,000 ~ 3,2 sec ~10.0 sec

4 >13,600 32,000 ~6L4d gec ~20.0 seg

NOTE: In CONT sampling we recommend to use AVG=l. Only for
nolsy signals 1t may be required to increase the
averaging.

In RAND sampling the display fluctuates more when a
lower averaging number is selected.




2.13. RUN/HOLD, Triggered Measurement

RUN is the normal operating mode of the 304B. When the RUN/HOLD
contrel is pressed the 304B completes the measurement cycle being
in an goes then to the HOLD mode. All 48 gquantities from the last
measurement cyvcle are stored and can be displaved by depressing
the corresponding front panel control. In the HOLD mode the 304B
panel, or from the rear panel external trigger input, or from the
IEEE-interface. When the 304B is being triggered, one complete
measurement cycle 1s performed with AVG=1. Frcm this measurement
cycle 46 guantities are determined and can be displaved after
measurement completion. Energy is no longer valied since the
reguired time base in the HOLD mode gets lost.

2.14. External Trigger Input

The rear panel external trigger input is a normally high TTL-level
input which can be used to trigger a new measurement c<ycle when
the 304B is in the HOLD mode. A measurement is started on a low
level of minimum 2ms duration.

2.15. Measurement Cycle

The 304B determines 48 guantities of a 3-phase svystem in a single
measurement cycle. In continuous sampling this is basically done
as follows: During the first 180mg-time interval power of phase 1
1s determined. Similarly, during the second and third 180ms-time
interval power of phase Z and phase 3 1s determine. Now, the
outputs of all voltage- and current converters (18 total) are read
into memory. From the measured guantities the remaining gquantities
are computed. Finally, +the 304B performs wvarious control~ and
display functions. This concludes a complete measurement cycle.

In the random sampling mode the sequence of measurements 1is the
same as in continuous sampling except that the 18Cms-time
intervals for determining power are increased to 480ms each.

2.16. Display Features of the 304B

Figure 2.1. describes the basic display capabilities of the 304B.
They can be summarized as follows: When phase 1 1is selected,
values from phase 1 are displayed. When phase 2 is selected,
values from phase 2 are displayved. When phase 3 is selected,
values from phase 3 are displayved. For the description to follow
this display configuration is called “"display mode 1".

In addition tc the display capabilities described above the 304B
allows the simultaneous display of 4 currents, 4 voltages, or 4
power values. This display configuration is called "display mode
2",




From left +to right, the phase-1l-value, the phase-2-value, the
rhase-3-value are displayed. The fourth display wvalue is the
average current of all three phases, the average voltage of all
three phases, or the sum of power of all three phases.

The 304B starts-up in display mode 1, phase 1, as shown below:

Arl vrl Wl PFl 1

Arl
Wil

RMS current phase 1 Vrl
power phase 1 PFL

RMS voltage phase 1
power factor phase 1

To obtain a simultaneous display of the RMS currents of all three
phases, enter display mode 2 by pressing the "Ar"-key. The
following display results:

Arl Ar2 Ar3 Ar b Arl, aAr2, Ar3 = RMS current
of phase 1, 2, and 3.

Ay = average RMS current

X = AVG

To display the 3 rectified mean currents press the "At"-key.

Arl At2 At3 At ¥ Atl, At2, At3 = rectified
i mean current, phase 1, 2,
and 3.
At = average current

To display the mean currents press the "A="-controcl.

a=1 B=2 A=3 A= XJ

Display mode 2 can be left by pressing the "Ar"-control twice.
When RMS currents are displayed, press the "aAr'-key only cnce to
leave mode 2.

Tc obtain a simultaneous display of the RMS voltages of all three
phases, display mocde 2 must be entered again. First, bring the RMS
voltage of any phase to the display and press the "Vr"-control one
mere time. This will start mode 2, the following display results:




| vrl vrz vr3 vr X X = AVG

L Vrl, Vr2, Vr3 = RMS voltage
rhase 1, 2, 3.
Vr = average RMS wvoltage

Press >_contrcl to display the average line-to-line voltage

vr - 3. Press the "Vt"-control to display the rectified mean
voltages of all 3 phases. Similarly, press the "v="-control to
display the 3 mean voltages.

Again, display mode 2 is left by pressing the "vr'"-control twice.
(When RMS veoltages are displayed, mode 2 is left by pressing the
"Vr"-control only once).

To display the power wvalues of phase 1 through phase 3, display
mode 2 must be entered as follows: Bring the power walue of any
prhase to the display. Press the "W'-control again. This starts
display mode Z, the followling display results:

Wl W2 W3 W X X = AVG

Wl, W2, W3 = power values
phase 1, 2, 3.

W = WL + W2 + W3

To display the 4 apparent power values press the "VA"-control.

To display the 4 reactive power values press the "VAR"-control.

To change to display mode 1, the "wW'-control must be pressed
twice.

The sgkilled operator will find short cuts to operate the display.
For example, the display of 3 RMS currents can directly be
switched to the display of 3 RMS voltages by simply pressing the
"Wr'"-control. A similar change from current to power, and voltage
to power is possible.

2.17. Current- and Voltage Scaling

Although the 304B offers a broad input current range ({(20ma=-1504)
and a brecad input voltage range (2vV=-1000V), the scaling of current
and wvoltage hecomes necessary, when current- and voltage
transformers, o©r external high current shunts are used. All 48
guantities are scaled and thelr correct values displaved.

The following maximum display values are possible:

Current: 99999kAar (kAt) (ka=)
Voltage: 95999kvVr (kVt) (kv=)
Power: 9939993 MW (MVA) (MVAR}




The 304B stores the scaling factors in non-volatile memory. On
power-up the 304B reads the scaling factors from this memory. The
voltage- and the current scaling factcocrs can be set anywhere in
the range from C.0001 to 999999. In practice although, the scaling
factors for currents should not differ from each other by more
than a factor of 10, Alsc the voltage scaling factors should not
differ from each other by more than a factor of 10. Should the
difference be larger than 10, a display overflow may occur without
warning. As a rule, choose phase 1 (voltage and current) as the
phase with the largest scaling factor.

The scaling factors are changed by means of the front panel
controls as described below:

— Select "HOLD" mode
— Press "SCALE"

—= Pregs "SCALE A" for current scaling factor change.
The scaling factors for phase 1, 2, and 3 are now

displavyed.
Enter scaling factor for phase 1 as follows: e.g.
10; format 10/10./10.0Q —_— Press "ENTER". (The

scaling factor 10.000 1s now displaved).

Enter scaling factor for phase 2 as follows: e.g.
9.875; format 29.875/9.8750 —» Press "ENTER",

Enter scaling factor for phase 3 as follows: e.g.
5,04; format 5.04/5.040 —— Press "ENTER".

Presgs "SCALE V" for wvoltage scaling factor change.
The wvoltage scaling facteors for phase 1, 2, 3 are
now displayved. Enter the voltage scaling factors
following the same procedure as described above.

In the following example the scaling factors for all three phases
be equal 100.

Format 100/100./100.0 —— Press "ENTER" {sets scaling factor phase
1=100) —— Press "ENTER" (sets scaling factor phase 2) — s Press
"ENTER" (sets scaling factor phase 3).

Press "RUN". This concludes the procedure.

NOTE 1: The decimal point is set by the "AC/AC+DC"-key.

NOTE 2: When any of the 6 scaling facteors differs from 1.0,
a display indication rzresults. The 40. display
character will alternatly display AVG/F.

Scaling when using External Current Shunts
Use Option 012. This plug-in will accept shunt voltages in the

range 0-2V sensitivity 1mv=1a. Below 3 examples for scaling factor
determination are given:




Shunt resistance Shunt sensitivity Scaling facter
1.07im¢ 1.071ImvV = 1A Im¥/1.071lmV = (.9337
20.0 mo 20.0 my = 1A& 1lnV/20.0 m¥V = 0.05
0.180mn 0.18mv = 1A lmv/0.18 mV = 5.555

Scaling Current and Veoltage to avoid high Common Mode

In switched 3-phase svystems extreme common mode signals occur.
Switching transients of 2000vV/us in the current- and voltage paths
are observed. Such transients upset the wattmeter. The feed-
through is so high, that the microprocessor looses information.

The 304B must be turned off and on again to start an
initialization. This measuring probklem can be sclved, when
external current- and voltage transformers are used.

The least to do 1s to follow the recommendaticns of section
2.20.3.

2.18. 2-Wattmeter-/ 3-Wattmeter-Programming

In ccnventional 50/60Hz 3-phase networks power can be measured
using the 2-Wattmeter c¢onnecticn (Arocn  circuit). In this
coenfiguraticn only 2 current inputs and 2 voltage inputs of the
304B are used. Apparent power Irms X Vrms must be reduced by the
factor 0.866. By programming the 304B to the 2-Wattmeter
configuraticon this reduction is autcmatically done. We recommend
to short the unused voltage input of the 304B.

The programming is performed as follows:

— Select "HOLD"

——n Press "SCALE"

— Press "AVG"
The scaling factors (for voltage or current) and the
gelected "2-W" or "3-W" configuration are now
displaved. Pressing the "AVG" -key toggels the
wattmeter configuration back and forth.

e Select the desired configuraticn

— s Press "RUN" te continue measurement.




NOTE: The programmed Wattmeter configuration remains
stored in non-volatile memory. Turning the 304B off
and then on again does not reset this function.

2.19. Energy Timer Programming

A programmable timer for energy summation is a standard feature of
the 304B. The timer can be set between 0 and 32760 secconds (9.1
hours). When pressing the "WhRes"-key energy and time are reset to
zero. From now on energy is summed until the elapsed time has
reached the preset time of the timer.

Energy summation is stopped until reset or until the timer wvalue
is increased.

The energy can be displaved by pressing the "Wh" control. By
pressing "wh" a second time the total elapsed time is displaved.
Both gquantities are in expecnential form (leaving ocut the "E"). The
mazximum display is 9.8%9+9 (9.889E+9).

The following twe steps are required:
1. Activate the timer functicn as follows:
— Select "HOLD"
—— Press "SCALE"
-3 Pregs "WhRES"
The display shows now scaling factors, 2/3-W
configuration, and /T/ (Timer active) cr /-/ (Timer
not active).
When pressing "WhRES" the timer function toggels.
2. Set the desired time as follows:
—s Select "HOLD"
——» Press "SCALE"
— Pregs " T "
The Talk-only programming and time are oW
displaved.
- # Presgs "ENTER"
— Select the desired time in seconds (max. 32760 sg)
and press "ENTER" again. The selected time 1is

displaved.

e Pregs "RUN" to get back to the Run-mode.




2.20. Taking Some Basic Measurements Using the 304B

WARNTNG: To avold shock hazard and/or instrument damage, do
not apply input potentials that exceed the input
overload limits specified in section 1.5.

The specified maximum inputs may be applied to the 304B on any
voltage and current range without damage.

2.20.1. Measurements in 1-Phase Systems

Measuring current P
] - L L
Load | - \ ==
000 | Hi - . ~ T
000 BOO—A— T Ho—=+ |
; : 1 I
6° | O]
v P
== Vs —

Measure current preferably on the ground side to minimize common
mode wvoltage. Although the 304B has excellent common mode
rejection, high common mode veoltages at frequencies above 50kHz
may result in incorrect measurements. This behaviocur 1s caused by
parasitic capacitances resulting from the heat sinking of the high

current input.

Measuring voltage

N

i elele; m— C
pelele Load El ?— O
- -

Measure wvoltage preferably by connecting the Lo-side on the load
to the Lo-voltage input and the Hi-side of the load to the Hi-

veltage input.




Measuring l-phase power

Measuring power is a difficult task. A high degree of amplitude-
and phass-accuracy 1s reguired to obtain reliable measurements.
There are many wrong wavs to hook up a l-phase svstem and only cne
right way.

RULE: Measure current always at the point which is closest
to ground potential.
Connect the Hi-side of the lcad to the Hi-voltage
input and the Lo-side to the Lo-voltage input.

] Load
M OCO| | 4y kS
¥ 000 Beo
QOO
Lo

Observing this rule, minimizes the common mode effects; precise
power measurements up to 100kHz can be made.

Measuring current on the high side of the load will expose the
current input to large common mode voltages. Particularly at high
frequencies the common mode error signals increase and introduce
amplitude- and phase errors, which in turn vield ambiguous power
measurements.

2.20.2. Measurements in Polyphase Networks

The rules given for measurements in l-phase systems must partly be
viclated when making measurements in polyphase systems. Most of
the time currents are measured on the Hi-side of the load exposing
the current inputs to large common mode voltages. Similarly, when
measuring the phase to phase voltages of a three wire 3-phase
system the wvoltage inputs are alsc exposed to large commeon mode
voltages. Fortunately, the commen mode rejection of the 304B is
excellent for typlcal polyphase-network-freguencies (50Hz, 400H=z)
and requires no special care. At all times the user must be aware
that the common mode rejection of the 304B decresases with
increasing operating fregquency of a polyphase system. Performing
measurements on a pelyphase system coperating below 10kHz should
pose no major problem unless the operating voltage 1is large
(>100V). At freguencies above 10kHz we recommend to use filters to
get the highest frequencies ocut of the system.
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L2
L3

L ,
000! vy
>O-C OQ0Q

304B ?QO

73045“ﬁéasure;7phase voltages, phase cufrenté, and phase power of a
3-phase 4-wire circuit.

Load in
Ll star connection

L1
L2
L3
OFORO
969 | o4 —
O O Load in
304B cQO delta connection

3048 in an Arcn Connectlion measures total power Pl + PZ consumed
by a load in delta connection. Voltages Ul and UZ are phase to
phase voltages. Il an IZ are phase currents. Switch 3048 to 2-
Wattmeter configuration. $=$1 + 82, ©=Q1 +Q2, and PF are connected
by appropriate factor (for 50/60Hz applicaticns).

- -
o] | Kk& ii
|
Y
BV
I.B I2 Pg 1
| Ef\zpf
| 1
304B measures po;ér loss (Pl + PZ_:_P3) of a 3—pﬁ;se-fhyristor

controlled rectifier. Pl + P2 represents total AC-power at input
and P3 represents total (DC-) power consumed by the motor.
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2.20.3. 304B Measurements in Fregquency Inverter Systems

To avold high common mode voltages at current inputs use Option 13
(Broad band transformer input).

& R
B
-
/ﬁ?\ S . to lead
N2/
i
)y
\ﬁ/
3 N

Three Wattmeter Metheod in 3-Wire Circult

Use artifical neutral to aveold high common meode voltages at Lo-
voltage input terminals.

o)

EL/ 1 R
o b} - . to leoad
(o T
i "™ Artificial Neutral
10uF ----

! Use capacitor for
freguency inverters

P

PR+PS+PT

s

S1 + 55 + 85

Q=01 + 0y + Q3

BFy= Pg/Sg +.... ; $PF = (Py + Py + P3)} / (81 + 83 + 83)
U = Line-voltages
I = Line-currents
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2.20.4, Positive and Negative Reactive Power Measurement

Reactive Power Measurement for 50/60H=z

1. 3-phase 4-wire circuit Py = Upg-Ig-cosfy = Q¢
A Urg
J B /[\ >
P 5 3 ’f ¢\\*-inductive locad ©Q1>0
- I \
[ T _ -
- \ X resistive lead Q=0

0 capacitive load Q<0

Switch wattmeter to display watt. The displayved values are
{positive or negative) reactive power values in VAR.

NOTE: Devide by 1.732 to obtain reactive power per phase.
VAR = VARL + VAR2 + VAR3) /L.732.

z. 3-phase 3-wire circuit P1 = Upg-Ig cosfy = Q1
_ } Urg
—{ '_ i Lt
. R 3 R .
1A / 4 inductive load Q>0
- ’ 4
ip [/ ‘
R 4
S » ¥
Eﬂ]\X \ x'fesistzéé-load g=0
L T S :
capacitive load Q<G

Switch wattmeter to display watt.
Total reactive power (positive or negative)
VAR = VARLl + VAR2




2.21. Programmable Recorder Output (Option 05)

The recorder output option gives the 304B the ability to ocutput a
positive or a negative analeog signal preportional to power. RMS
voltage, or RMS current of phase 1, phase 2, or phase 3. Full
scale displavy of power, voltage, or current corresponds to 2Vdc
cn the recorder output. On 304B power-up the recorder output is
initialized to output power of phase 1. On every display-update
the recorder is also updated.

If another gquantity than Pl wants tc be output the following
procedure (starting in the "RUN" mode) is required: Select AVG (1,
2, or 3) —= Select Phase (1, 2, or 3) —— Press "Hold" ——

Press AVGE twice -—-——» Press "RUN". AVG and Phase in the above
procedure determine the recorder output guantity.

The table below summarizes the recorder output capabilities.

Recorder Qutput AVGE=1 AVG=2 AVG=3

Phase 1 Irms 1 Urms 1 Pl

Phase 2 Irmsg 2 Urms 2 P2

Phase 3 Irms 3 Urms 3 P3

Qutput at full scale +2Vdc +2Vdc +2vdce

display (200.0mA/ (2v/ev ...) (400mw/
600.0ma ...) 1200mW ...)

Contrel segquence for recorder output selection:
Select "aV@" —=Select Phase — Press "HOLD" ——» Press "AVG"
twice —=Press "RUN".

2.22. Multifunction Recorder Qutput (Option 08)

This Option cutputs 10 signals proportional to 3 X Arms, 3 x Vrms,
3 % W, and W. Full scale display (2V/2ZA/4W) corresponds to 0-2V
at the recorder outputs. The outputs are updated with the display
update. Only positive displays can ke output. When a single W-
display i1s negative its recorder output goes tc zero and the total
sum (W) is no longer valid.

Recorder output connector:

pin 1 W phasefl+2+3 pin 8 Ground
2 W phase 3 9
/. - 3 W phase 1 10 W phase 2
PR L U \ 4 Vrms phase 3 11
/ 5 Vrms phase 1 12 vrms phase 2
Z L T ) __5 6 Arms phase 3 13
7 Arms phase 1 14 Arms phase 2

Recorder Cutput




2.23. 100Anpere 3-Phase Shunt (Option 04)
MAX. 100A PER PHASE
CAUTION: For save operation ground case terminal.
h 4 r'S ¥ ry [ \
\ ' A ~
| THREE-PHASE SHUNT \|
! | . a
i //,ﬁ\\ .
| | | i
\ 100Aj L 1OOA/ \iﬁﬁi/
\__,// . \...._// .
PHASE 1 PHASE 2 PHASE 3
- /
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N N ~
304B plug-in: 1mV/A
Zin= 1788 Chm, mazx. 20V
Roouracy: Multiply accuracy percentage figures given for
current and power by a factor of 2.
Caution:

Dc not use 100A shunt at freguencies above 1kHz.
Faulty measurements may result.




2.24. Broad Band Plug-in for 0-150a

Option 13 is a wide current range breoad band plug-in particularly
useful for high current measurements in frequency inverter svstems
with DC-components.

The plug-in has a low current direct input like the standard 0-10A
plug-in, and a high current input via broad band transformers. The
scaling to be used for the broad band transformers is as follows:
1l winding; secaling=10.0, 2 windings; scaling=5.0, 3 windings:
scaling=3.333, etc. The hole diameter for the windings is 10mm.
The plug-in regquires 3 internal +12V supplies for the broad band
transformers. Therefore, it is of advantage to have this optieon
factory installed.

Specifications

Inputs:

Direct input: 0-200mA, 0-600mA, 0-2A, 0-8A, 0-8A
Max. 8A continuous.
Transformer input: 0-22, 0-6a, 0-20A, 0-602, 0-130A

Scaling factor = l0/number of windings
Max. 150A continuous
Accuracy: (current and power)
Direct input: Az specified on data sheet for 10A plug-in.

DC: additional DC-errcr max. +20mA.

Transformer input: current x windings >30A)

% of range) 10Hz-400Hz

% of range) 400Hz-1kH=z

2 % of display + of range)* DC, 1lkHz-20kHz

3 % of display + 0.5 of range) typ.* 20kHz-30kHz
DC: DC QCffset error max. 10.ZA

*Power factor »>0.7

(
(0.2 % of display +
0.4 % ¢of display +

0

= O O

o S SN |

WARNING: When removing plug-in discconnect cabels carefully.
To aveid shock hazards close opening of the three
connectors with isclating tape.

Insert new plug-in carefully without sgueezing
cabels.

IMPORTANT: When reinstalling 0-150A& current plug-in {(Option 15)
make sure te connect cable phase =1 to phase -~1-
input ¢f current plug-in, cable phase -2 to phase
-2- input of current plug-in, and cable phase -3 to
phase =-3- input of current plug-in.

Interchanging cables may cause shock hazard.




2.25. Frequency Measurement {(Cption 14)

Option 14 measures the fregquency of the current wave form of
current amplifier phase 1. It is particularly suitable for speed
measurements on inverter driven motors. Basicallyv, the zerc
crossings of the current wave form are counted.

Consequently, a more or less sginusoidal current wave form is
required.

The frequency is disgplaved in Hz by pressing the "At" contrcl and
selecting phase 1, or by entering display mode 2 and pressing the
"At" kevy. The following display results:

Hz At2 At3 0 x}

The average value of At is set to zero.

The frequency can be read over the IEEE-488 interface with the
"F2" command. The first number in the 4-number string is the
freguency in Hz.

Specifications

Freguency range: 10Hz~8C000HZ

Acouracy: 0.2 % 4Hz

Measuring input: current input phase 1

Sensitivity: Selectakle by current range

2.26. Other 304B Programming Functions

The programming functicons described below are factory
insgtallations.

When one of +the recorder outputs or the freguency measurement
option is installed the 304B must be programmed accordingly.
The following steps are reguired:

1. Opticon Initialisation

—>» Select "PHASE 2"

— Select "HCOLD"

— Presgs "SCALE"

— % Press "U UPM (All Opticn pregramming is removed)
—» Press "RUN"Y




2. Multifunction Recorder Installation (Option 08)

No further programming action is required. Make wire connection
from connector J10, pin/2 tc U505, pin 12 con Encoder PCA Figure
7.13.

3, Programmable Recorder Installation (Option 05)

—=»Select "PHASE 3"

—Select "HOLD"

——Press "SCALE"

——Pregs "I UP" {Sets internal status)
-———2% Presg "RUN"

4. Frequency Measurement Installation (Option 14)

—= Select "PHASE 2V
—y Select "HOLD"
— Press "SCALE"
— Presgs "I UP"
—= Press "RUN"

Display must show "/HzY. Pressing "I UP" toggels betwesen /Hz
(Freguency measurement active) and /-- (Freguency measurement not
active).
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2.27. 304BT Precision Wattmeter for Transformer Testing
2.27.1 Introduction

The special version wattmeter 304BT 1s designed for use in
transformer tesgt applications. It shows lmproved accuracy at power
factors of 0.1 or 1less. 2dditional guantities regquired for
transformer testing are computed. A programmable Talk-Onlyv-Mode is
provided to print data in selected time intervals. The scaling
factors and the selected parameters for the Talk-Only operation
are stored in nen-velatile memory. For improved accuracy the input
currents for the standard 0-10A plug-in is limited to 0-373ma, O-
750ma, 0-1.5A, 0-3A, and 0-6A ranges (524 maximum, continuous).

In addition, version 304BT measures the 1line-to-line rms- and
rectified mean (Option) wvoltages {V1-2, V2-3, and V3-1) for a
fixed 0-480V range. Infratek advises not to use the 304BT
wattmeter in freguency inverter syvstems unless the line-to-line
voltage measurement is omitted.

2.27.2. Computed Quantities

All wvalues as defined on page 1.3 for the standard 304B wattmeter
are valid. In addition, the transformer test wattmeters compute
the following guantities:

Average Voltage:

RMS woltage = 1/3 (Vrl+Vr2+vr3) = Vr
Corrected rect. mean voltage = 1.1107 vti(i=1,2,3) = Vti
Corrected rect. mean voltage = 1.1107/3 (VEL+VE2+VE3) = Vt

RMS line-to-line voltage
Rect. mean line-to-line voltage

Vegr Vgp, Vpp = V12, V23, V3l
Vet Vere Yope, x1.1107

Average Current:

RMS current = 1/3 (Arl+Ar2+ar3) = Ar
Corrected rect. mean current = 1.1107 ati(i=1,2,3) = Ati
Corrected rect. mean current = 1.1107/3 (Atl+At2+At3) = At
Fower:

Pm
Corrected power per phase = = Pri

0.5 + 0.5 [{(vr/vt) ]2

Sum of corrected power = Ppy + Ppz + Ppy = Bp




NOTE: The line-to-line rms voltages are displayed by
pressing the "V= control”. The line-toc-line rect.
mean voltages are displayed by pressing the "a=
control™.

2.27.3. Specifications

Unless stated differently, the specifications of the standard 304B
are applicabkle.

Average current and voltage:

Same accuracy percentage figures as given for standard 304B are
applicable.

Line-to-line voltage: {(rms and rectified mean)

50/60Hz, (0.15% % of input +0.15 % of range)

Current ranges: {enter appropriate scaling factor)
0-10A plug-in: 375mA, 750mA, 1.5A, 37, 6A
max. b5A, scaling =1
0-2Aa plug-in: 37.5mA, 75mA, 150mA, 300mA, 600mA
max. 22, scaling = 0.1
0-30A plug-in: 3.75A, 7.5A, 15A, 30Aa, (604}
max. 20&, scaling = 10
Voltage plug-in: max. 2V, scaling depends on shunt
Voltage ranges: 15v, 30v, &0v, 120v, 240V, 480V, 9a0V
Line-to-line
voltages: 0-480V, can not be scaled
Power:

(Use AC+DC-Coupling, continucus sampling, AVGE=3)
leHz=-400H=Z: (0.05 % of input + 0.03 % of range), PF = 0 to 0.1

Corrected Power:

Accuracy percentage figures depend on accuracy percentage figures
of power, rms voltage, and rectified mean wvoltage.

Automatic Decimal Point Selection:

At all times power is displaved as a 5 digit number independant of
power factor. The decimal point is automatically shifted to the
left. (Example: Power range = 400.00W; display at power factor
0.01 is 4.0000W)
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Current Scaling and Voltage Scaling:

Current- and voltage inputs can be scaled individually with the 51
through 56 commands.

Talk-Only Operation:

The guantities to be printed can be programmed. The time intervals
for print-out can be set from 1 to 32760 seconds.

Measurement Cvcle:

Approximately 1 display update per second. 51 guantities are
determined simultaneously.

2.27.4., Display Features for the 304BT

The display features of the transformer test wattmeter and the
standard 304B wattmeter are basically the sgame. In this section
differencies to the standard 304B are explained.

In display mode 1 average currents (Ar, At, A=), average voltages
(Vr, Vt, v1), and sum of power (W, VA, VAR) are displaved when the
"Il - gontrol" iz activated. In display mede 2, always 4 current
values, 4 wvoltage wvalues, or 4 power values are displaved. The
right most current values or voltage values are average values as
defined in section 2.23.

When displaying power, the right most wvalues 1s the sum of power
(W, Wc, VA&, Var). Corrected power 1s displayed when first the "W-
control™ and then the "X - control" is pressed (display mode 2).
The line-to-line wvoltages are displayed by pressing the "V=
contrel™, and the "A= control", respectively. From left to right
the woltages are: V12, V23, and V31i. The right most wvalue is the
average value ¢of the three wvoltages.

2.27.5. Remote Programming

The interface programming corregponds to the standard 304B
wattmeter. Deviations are listed here.

There are always 4 current values, or 4 voltage values, or 4 power
values output to the interface bus - Jjust as displayed on the
display. F3 and Fé are the output function commands for the line-
to-line wvoltages, and H5 is the output function command for the
corrected power values {Pcl, Pc2, Pc3, and Pg).

When currents, voltages, or power values are output to the
centroller, the data format is the same as the one used on the
display (phase-l-value, phase-2-value, phase-3-value, and average
or sum value).




Set Commands 81 through 86

: Format S1 2.556
: Format SZ 1
Format S3 5.801
Format S4 105.2
Format &b 98
Format S6 150.5

81 Set current s¢aling factor phase
52 Set current scaling factor phase
353 Set current scaling factor phase
S4 Set voltage scaling factor phase
S5 Set voltage scaling factor phase
S6 Set voltage scaling factor phase

WhE WM

Only one command Si must be sent at a time.

2.27.6. Talk-Only Programming

The Talk-Only start-up procedure is described in section 3.20 of
this manual. The printer used must have IEEE-488 handshake
capabilities, otherwise data will not be transferred in an orderly
manner.

The programming of the desired printer cutput is done as follow:

1. Press '"HOLD"
2. Press "SCALE"
3. Press "2 "
The present programming status is now displaved. "F 1 2 3
Mand "H 102 3 ..." correspond to the cutput functicn

commands on page 3.6 of this manual.
"Time xxXx s" is the time interval for printer ocutputs (1
X to max. 32760 s).

4, Press now all those controls in the function contrel
field (in center below the display) which gives vou the
dezired printer output (Ar, At, A=, Vr, Vt, V=, W, Va,
VAR, PF, Wh, 2).

NOTE: When selecting "W" the output functions F7 (power) and G5

{corrected power) are activated. There 1is nc means to
select G5 (corrected power) conly.
To terminate the output function selection press "ENTER".
In case you deo not want to change the output functicns
shown on the display, vou must still press "ENTER" to
proceed to step 5.

2. In this step the time interval is selected by pressing
the appropriate number (0 1 2 ...) in the function
contrcl field below the display.




The maximum number to be entered 1s 32760s, larger
numbers are truncated.

To terminate the time interval selection presgs "ENTER".
If no time interval change is regquired, press "RUN" to
leave the Talk-Only programming mode.

&. Press "RUN" to fterminated the programming cycle.

Praess " 2." to repeat the Talk-Only programming if desired. This
brings vou back to step 3. Furthermore, the described programming
can be interrupted at any step by pressing "RUN™.

Te start the Talk-Only-Operation follow the procedure described in
section 3.18.

In Talk-0Only operation data are printed in the programmed time
intervals. Furthermore, data are printed everyvtime the "HOLD" mode
ig entered. By setting a long time interval, this way a manual
printer activation is achieved whenever the "HCLD" contrcl is
pressed.

2.27.7. Activating the Rectified Mean Voltage Measurement

When the electronics for the rectified mean voltage measurement is
installed, the wattmeter software has to be activated as described
below. This normally has to be done only once in the factory, or,
if by false manipulation, the rectified mean voltage measurement
was disactivated.

— Select "HOLD" ]

— Press "SCALE" Activation of rectified mean
¢ voltage measurement
—3 Press "I UPY

— Select YRUN"

Below 1s described how this measurement can be switched off:

—»* Select "HOLD"

——» Presgs "SCALE"Y Deactivation of rectified mean
voltage measurement
— Presgss "U UB"

— Select "RUN"
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2.28.1. 304BM Precision Wattmeter for Motor Testing
2.28.1. Introduction

The Precisicn Wattmeter 304BM 1g a gpecial purpeose instrument for
AC and DC mctor-testing. The 304BM features a wide fregquency range
(DC-100kHz, in most ranges DC to 200kHz) and 1s capable of
measuring power of fregquency inverter driven motors. Three
additional DC inputs from external transducers can be usad to
measure torgue, speed, frequency, and mechanical power of a motor
under test.

2.28.2. Computation

The 304BM measures and computes the same gquantities as the
standard instrument 304B with the exception of the rectified mean
voltage Vi which is no longer available.

The following additicnal guantities are determined:

Average line-to-line voltage: v3/3 (V{ + Vy + Vj3)

Mechanical gquantities:

From the 3 DC inputs DC1l, DCZ2, and DC3 the follewing guantities
are computed and can be displaved by pressing the "Vt" control.

Torgue [Nm] = bgl-cCl
Speed [R/m=/min] = DC2 - C2
Freguency [Hz] DC3 » C3

i

Mechanical Power [Wm] (2T /60)» DCl+» Cl -DC2 ~ C2

Cl = Scaling factor for DCL - input (0-99%99)
C2 = Scaling factor for DC2 - input (0-99%899)
C3 = Scaling factor for DC3 - input (0-99599)
NOTE: The mechanical quantities are displaved by pressing the

"yih-control (display mode 1 or 2).

2.28.3. Specifications

Unless written otherwise the specification of the standard 304B
are valid.

Current Ranges: (enter scaling factor)

0-2A Plug-in: 37.5/75/150/300/600ma, scaling = 0.1
0-10A Plug-in: 375/7530mA, 1.5/3/6A, scaling = 1

0-30A Plug-in: 3.73, 7.5, 15, 30, (60Q)A, scaling = 10
0-1502 Plug-in: direct 375/750mA, 1.5/3/64, scaling = 1

LEM 7.5/15/30/60/1204; scaling = 20




Voltage Plug-in: 1.875=1a, 2v=Full scale

Voltage Ranges: 15V, 30v, 60V, 120V, 240V, 480v, 960V

DC-Tnputs, DC1, DC2, DC3:

Voltage Range: 0-2V, use external devider for 0-10V range and
scale accordingly

Accuracy: 0.2 % of range
Input Resgistance: 100kChm
Input Isolation: 211 inputs are galvanically isolated from each

other and from main electronics.
Input Connector: 14-pol Amphencl on rear panel

DCl: +/- pins 8&/1

DC2: +/- pins 9/2

DC3: +/- pins 10/3

Sgaling: Individual scaling from $-9998%

Automatic Decimal Point Selection:

Power is at all times displayed by a 5 digit number. The decimal
point is shifted depending on the power factor (e.g. Full scale
display 4G0.00W, display at 0.0l power factor is 4.0000W).

Scaling:

The voltage- and current scaling factors as well as the DC-input
scaling factors can be programmed either manually on the front
panel or bus contrelled over the IEEE-488 interface bus. To
programm the scaling factors €1, €2, and €3 for the 3 DC-inputs
proceed as follows: Select 2_-control (Led on), select HOLD and
then follow the same steps as required for programming the voltage
gcaling factors.

Measurement Cycle:

The display is updated every second. 48 gquantities are measured,
computed, and stored.

2.28.1 Display Features of the 304BM

Basically the display features correspond to the display features
of the standard 4instrument 304B. The deviations are described
below.




Jg % average voltage is displayed when the 2 contrel is active. The
four mechanical gquantities are displayed by pressing the "vg"
control. In display mode 2 the left most display value 1s the
torgue [Nm], the speed [R/min], the frequency [Hz], and the fourth
display value is mechanical power in mWm, Wm, kWm, or GWm.

In display mode 1 a single mechanical guantity is displayved and is
selected by Phase 1, 2, 3, and & .

2.28.5. Interface Programming

The programming is identical to the programming of the standard
304B. With the command F3 all 4 mechanical guantities can be read
from the 304BM.

with the set command 81 through 89 the scaling factors for
current, voltage, and DC-inputs are programmed. Only one constant
can be zet at a time.

S1 Current scaling factor phase
$2 Current scaling factor phase
$3 Current scaling factor phase
S4 Voltage scaling factor phase
S5 Voltage scaling factor phase
S6 Voltage scaling factor phase
$7 Scaling factor DCl-input

S8 Scaling factor DCZ-input

S9 Scaling factor DC3-input e.g. 59 285.1

e.g. S1 2.556

WP WP




3. REMOTE PROGRAMMING
3.L. Introduction

The IEEE-488 Interface turns the 304B into a fully programmable
instrument for use with the IEEE-488 Interface bus. With the
interface, the 304B can bkecome part of an automated measurement
system. The 304B can ke under complete, interactive control from a
remote bus controller: or it can be set to the talk-only-mcde,
cennected to one or more listeners.

3.2. Capabilities

The IFEEE-488 Interface provides remote contrcl of all front panel
controls except for Power. Other features include:

® Full talk/listen capablility, including talk-cnly
operation

Comprehensive command set

Fast measurement throughput

Full remote / local capability

Full serial poll capability, with bit-maskable SEQ
External trigger

Interface trigger

Selectable output terminators

Programmable Talk-conly mode, timer

SO 00O RS

The 304B supports the following interface function subsets: SHIL,
AH1, T5, L4, SR1, RL1, DCi, DT1l, PEO, and CO.

3.3. Bus Set~Up Procedure and Address Selection

a. Turn the 304B Power switch OFF and set the rear panel
address switch as shown below.

Address AS Ad A3 A2 al

01 0 0 0 0 1

Address 02 0 0 0 1 0

e — 03 0 0 0 1 1

; | 04 0 0 1 0 0

ON 7 S5 4131211 05 o} 0 1 0 1
OFF i : o |

T Talk-only




b. Switch on the 304B
The Address of the 304B is factory set to Address 05 and
talk-only mode off.

3.4. Device-Dependent Command Set

Device-dependent commands are the heart of the 304B remote
control. They tell the 304B how and when to make measurements,
when to put data on the bus, when and under what conditions to
make service regquests, and what data to put on the display. The
complete set of device-dependent commands is listed in Figure 3.1.
The commands are entered using upper case letters. For the 304B to
receive them, they must be sent over the IEEE bus when the 304B is
in remote and has been addreszssed as a listener.

3.5. Output Function Command Fn, Hn

The output function command tells the 304B which quantity to load
in the output buffer. When the 304B is addressed to talk, it will
put the contents of the cutput buffer on the bus. The output
buffer always contains the values for phase 1, phase 2, and phase
3, and, where applicable alsgo the sum values of phase 1 through
phase 3 or the average value of phase 1 through phase 3.

Example Explanation

"E4M The output buffer will be lcaded with the wvalue of
Urmsl, UrmsZ, Urms3, and average value e.g. +221.3
+223.7 +219.8 +221.5Vr.

"FB8H4" F8 will be ignored. The ocutput buffer will be loaded
with the wvalue of Wh (H4) and elapsed time in
seconds e.g9. 5.783 +4 +1.753 +5Wh/s.

3.6. Range Commands In, Un

The range commands tell the 304B which current and voltage range
to select. The range commands are accepted when autorange C2 is
off. For example, "I3US5" selects the 2A (20A plug-in), and 200V
range. The range setting can be read using the Gl command.




3.7. Display Commands Dn, En

The display commands duplicate the function controls below the
display. The display commands allow the user to select 4
guantities to be displayed. One out of the following groups can be
selected: (DL, D2, D3), (D4, D5, D&), (D7, D8, D9), and {E1l, EZ,
E3, E4). It is alsc possible to switch from display mode 1 to
display mode 2 by duplicating the manual key board operation.

Example Explanation

"D3,D4,D8,E2" Imean, Urms, apparent power S, and energy Wh,
will be displayed.

"D1l" Irms will be gelected. The remaining three

displayed guantities will not change.
Sending "D1" a second time will switch the 304B
to display mede 2. In this case rms currents

phase 1, 2, 3 and average current will be
displayed.

3.8. Mode Commands

The mode commands Cl, ..., C9, and K1, ..., K5 duplicate the front

panel contreols to the left and right of the display.

Example Explanation

"C2 Cc3acgxK4co” Selects autorange off (interface ranging),
c¢ontinuous sampling, averaging 4, AC-Coupling,
RUN.

Trav Puts 304B into hold mede. Displaved wvalues are
held, 304B can now be triggered with "K2".

wR2" Starts one measurement cycle when 3048 i1s in
"HOLD'".

"Cg K3 RUN mode, sets Wh to zero.

3.9. SRQ Mask Command Pn

The SR mask commands PO through P8 are used tc program the 304B
to make service requests on user-specified conditions.

Example Explanation
"p4n SRQ on triggered measurement finished.
3.10. Terminator Commands Wn

The terminator commands select what terminators the 304B appends
to every output string. The terminaters are: Carriage Return (CR),




Line Feed (LF), and EOI (End Or Identifyv). CR and LF are ASCII
control codes, sent over the data bus just like output data. ECI
ig a uniline message which is sent gimultaneously with the last
character in the output string. Normally, each output string is
terminated with CR followed by LF and EOI.

The terminator selection can be read using the Gl command. The
3048 sets to Wl on power-up.

3.11. Get Command Gl

The Gl command copies the 304B current range, voltage range, SRQ
mask, and terminator selected into the output buffer in the format
shown below.

Command Qutput String Meaning
Gl frst f = 1-5 as in I-range commands
r = 1-7 as in U-range ccmmands
g = 1-8 ag in SRQ mask commands
t = 1-4 as in Terminator commands

3.12. Set Commands Sn

The set commands Sn set the scaling factors for current and
voltage. The scaling factors are stored in non-volatile memory.

Set Commands 31 through S6

Sl Set current scaling factor phase 1: Format "S81 2.556"
S2 Set current scaling factor phase 2: Format "g82 1"
S3 Set current scaling factor phase 3: Format '"83 5.3801"
S4d Set power scaling factor phase 1: Format "84 108.2"
S5 Set power scaling factor phase 2: Format "S85 93"
So Set power scaling factor phase 3: Format "86 150.5"

Only cne command 51 must be sent at a time.

3.13. Input Processing

An input string can contain as many commands as reguired. Commands
are executed in the sequence they are received. Commands which can
not be recognized by the 304B will be ignored. & command string
must be terminated with CR (Carriage Return), and LF (Line Feed).
EQOI is opticonal. Most controllers finish a command string with CR
LF pair. If a controller does not have this feature, the
programmer must transmit a terminator explicitly.

The 304B accepts alphabetic characters in upper case. Spaces are
ignored.




Output Function Commands

FC Irms, Vims, W, VA, PF

Fl Irms Hi

F2 I rectified mean /Hz nz

F3 I mean H3

Fi Urms H4

F5 U rectified mean

F6 U mean

F7 Power P

F8 Apparent power S

F9 Reactive power Q

Range Commands

Plug-in 0-2A 0-102 0-30A 0-100a

Il 20maA 200ma 23 202

I2 60mA 600ma 6A 60A

I3 200ma 2h 20A 200A

I4 &0Q0mA 6A 60A G6OCA

15 2A 20A 2005 20002

Display Commands

Dl display Irms El

D2 display I rectified mean E2

D3 display I mean E3
E4

D4 display Urms E3

D5 display U rectified mean

Dé display U mean E&

D7 display P E7

D& display S ES

Do display ¢

Dl, D4, and D7 toggle between display

Set Commands

51
52
$3
s4
g3
S6

Set
Set
Set
Set
Set
Set

current scaling factor phase
current scaling factor phase
current scaling factor phase
power scaling factor phase 1:
power scaling facter phase 2:
poweyr scallng factor phase 3:

Figure 3.1.

Power factor

H
ReZ
Wh / Time
Ul 2V
uz2 av
U3 20V
U4 60V
U5 200V
ueé 600V
Uy 1000V
display Pr (default)
display Wh
display |Z|

display Re2

display Phase 1
(default)
display Phase 2

displavy Phase 3
d;splay ZPr Q' S
(on/off)

mode 1 and display mode 2.

1: Format "S1 2.556"

2: Format "82 1"

3: Format "S3 5.801"
Format "S54 105.2"
Format "sH 98"
Format "S86 150.5"

Device- Dependent Commands




Mode Commands

clL Autorange on (default)
c2 Autorange off

c3 Continuocus sampling (default)
c4 Random sampling

Cch Averaging AVG=l (default)
cé Averaging AVG=2

c7 Averaging AVG=3

o2} Averagling AVG=4

c9 RUN (default)
K1 HOLD (triggered mode ready)

K2 Trigger start

K3 Wh reset / Time reset

K4 AC=-Coupling {default)
K5 DC+AC-Coupling

SEQ Mask Commands

PO SEQ disabled {default)

Pl SRQ on I-overrange

P2 SRQ on U-overrange

P3 SEQ on I-, or U-overrange

P4 SRQ on triggered measurement finished

P> SRQ on I~over, cor triggerd measursment finished

P& SRQ on U-over, or triggersd measurement finished

P7 SRQ on I-, or U-over, or triggered measurement finished

Terminator Commands

Wl CR/LF/ECT {default)
W2 CR/LF

W3 ECIL only

W4 disakle all terminatcrs

Get Command

Gl Get range I/U; SRQ mask; terminator

Figure 3.2. Device- Dependent Commands

(cont.)




Typical command string as it might be sent to the 304B.

HP-85 Controller
REMOTE 705

OUTPUT 705; "C2K4I3UbB™
QUTPUT 705; "D1D8F7"
ENTER 705; AS$

CLEAR 705

QUTPUT 705; "K5F4"
TRIGGER 705

B=SPOLL (705)

Fluke 1720A Contreller
REMCTE & 5
PRINT 5, "C2K413U5"
PRINT @5, "DID&F7"
INPUT @5, A%
CLEAR @5
PRINT @ 5, "K5F4"
TRIG @705

$=SPL (5)




3.14. Syntax Rules

Three syntax rules should be followed when writing input command
strings. They are:

RULE 1: Read cutput data only once.

To prevent old data from being read a second time by
mistake, the output buffer 1s always cleared after
it has been read. If the output buffer is read twice
without an intervening output command, the 304B will
not respond to the second attempt to read the cutput
buffer. However, if the 304B is in TO, noe
intervening command isg necessary.

RULE 2: Use no more than one output command per input
command string.
If an 1input command string contains more than ocne
cutput command, only the data from the last command
can be read.

RULE 3: Read the output data generated by one input command
string before sending the next input command string.
Ooutput data remains available in the output buffer
until it is read, or until the next input command
string is received.

3.15. CQutput Data

The following describes the data that can be loaded intc the 304B
output buffer and sent to the interface bus. It describes how and
when data is loaded intoc the output buffer, and the tvpes of
output data.

The 304B can also send data to the IEEE-488 bus from the serial
poll register.

3.16. Loading Output Data

The 304B is preprogrammed to send cutput data when 1t receives an
output command, e.g. "F7". The data are not actually lcaded onto
the interface bus until the controller addresses the 304B as a
talker. Thig iz done by gending the interface message MTA (My Talk
Address). The types of output data are shown in Figure 3.2.
Numeric data including units are sent to the IEEE-488 bus in the
same format as displayed on the displav.




The output data string contains phase 1-, phase 2-, and phase 3
values and, where applicable (P, 5, @), alsc the sum wvalues. The
only exception to this is the output string of the total energy
consisting of Jjust one energy value and elapsed time. When data
are overrange the suffix "OVER" is appended to the data.

Status data is the output in response to Gl command. The data is
formatted as shown in Figure 3.2. and is interpreted in section
3.11.

The terminators appended to numeric data and status data are user-

selected by the termlnator commands W1 ... W4.
output Data Type Format Examples
Phase 1 Phase 2 Phase 3 Sum
Numeric +4.221 +4.001 +4.158 +12.38mW Measured Value
Data +8.445 +8.787 +7.916 +8.383Ar Measured Value
Over +20.47 +20.47 +20.47 +20.47Vr Overrange
1.385 + 4 + 1.78%9 + 5 Wh/s Measured Value
+220.5 +218.0 +214.3 +217.6Vr Measured Value
Instrument ; -
Configuration Date: Gl: 3431 - Terminator Wl1,SRQ P3
| =———U-range 4 I-range 3
Qutput from SRQ decimal 72 SRQ on triggered
Measurement finished

Figure 3.2. Output Data Types

3.17. Service Requests

Service requests let bus i1nstruments get the attention of the
system controller. The reguests are sent over the SRQ line. If
more than one instrument con the bus 1s capable of sending service
reguests, the contreoller can learn which one made the request by
taking a serial poll. The 304B responds to the poll by sending the
contents of i1ts serial poll register. The =serial poll register
indicates whether or not the device reguests service, and if so,
the reason for the reguest.

The 304B may be programmed to make a service reguest on user-
specified conditions. The conditicons are specified by entering a
value feor the service regquest mask (SRQ mask).




3.18. The Serial Poll Register

The gerial pell register is a binary-encoded reglster which
containg eight bits, as illustrated in Figure 3.3. The controller
can read the 304B serial poll register by taking a serial poll.
Because serial poll data is loaded directly conto the bus, reading
the serial poll register leaves data in the output buffer intact.
The eight bits of the serial poll register are described below.
Note that the SR mask uses bits 1 through 4 toc set bit 7 (the SRQ
bit). Bit 7 sets the SRQ line true, which generates a service
regquest. Blts 1 through 4 are set, depending on the selected SRQ
mask Pl ... P7, as follows:

Selected SRQ mask Decimal value bit 1 through 4
Pl 1 T-overrange
P2 2 U-agverrahge
B7 7 Triggered measurement
finished
Bit: 8 7 6 5 4 3 2 1
0 RQS 0 0 4 bits used for SRQ generation
Decimal 64 32 16 8 4 2 1

Figure 3,3. Serial Pocll Register

Taking a serial poll clears bit 7 of the serial pcll register.
Bits 1 through 4 are alsc set when nc SRQ is desired (PDO user-
specified). In this case bit 7 is not set and the service reguest
line is not set true.

3.19. Interface Messages

The interface messages understood by +the 304B are the following
three main classes described 1in IEEE-488 standard: address
messages, universal commands, and addressed commands. All
interface messages described here originate at the controller.




Address Messages

MLA: My Listen Address --
MTA: My Talk Address -—
UNL: Unlisten --
UNT: Untalk --

Universal Commands

ATN: Attention --

REN: REMOTE Enable --

DCL: Devige Clear -

SPE: Serial Poll Enable --

SPD: Serial Poll Disable --

Addressed Commands

GTL: Go To Local --

SDC: Selected Device -
Clear

Addresses a device to listen
Addresses a device to talk
Addresses all listeners to unlisten
Addresses all talkers to untalk

A uniline message which causes the
304B to interpret multiline messages
as interface messages. When false,
multiline messages are interpreted
as device-dependent messages.

A uniline message which, when re-
ceived with MLA, switches the 304B
to remote. In remote the 304B front-
panel controlls are deactivated.

A multiline message which is loaded
into the input buffer. DCL sets the
304B to the fcllowling operating
conditions:

AUTORANGE on

Display Irms, Urms, P, PF, Phase 1
AC-Coupling

Continuous sanmpling

Averaging = 1

Triggered measurement off

A multiline message which causes the
serial poll data (rather than the
cutput buffer data) to be trans-
ferred on the bus cnce ATN becomes
false.

Removes the serial poll enabkle
state.

Causes the 304B to switch to local
(front panel) control.

Identical to DCL, but is accepted by
current listeners only.




3.20. Talk-Only-Mode

The Talk-Only-Mode lets the user take advantage of the remote
capability of the 304B without having to use an instrument
controller. The data receiving device must have IEEE-488 handshake
capabilities.

If programming of the Talk-only output functions prior to Talk-
only operation 1s required proceed to section 3.20. for
programming instructicns.

Te put the 304B in the talk-only-mode:

1. Turn the 304B power switch off.

2. Set the rear panel Talk Only switch (bit 7 of address switch)
to the up position (on).

3. Connect the 304B via the IEEE-488 bus to yvour data receiving
device {listener hand-ghake capabilities are required).

4, Turn the 304B power switch on.

5., Configure the 304B with the front-panel contrells.
{(The 204B can also be operated in the Talk-Only Mode when in
remote}.

The 304B reads the Talk-only bit switch on power-up and sends the
programmed (desired) data in the programmed time intervals to your
data receiving device. Data are also ocutput, when the "HOLD"™ state
is entered.

3.21. Talk-Only Programming

The Talk-Only start-up procedure is described in secticon 3.19. The
printer used must have IEEE-488 hand shake capabilities, otherwise
data will not ke transferred in an orderly manner.

The programming of the desired printer output is done as folleows:

Step 1: Press "HOLD"

Step 2: Press "SCALE"

Step 3: Press " 37
The present preogramming status is now displayed. "F
12 3,.." and "H 1 2 3 ..." correspond to the output
function commands on page 24 of this manual.
"Time xxx &" is the time interval for printer

outputs (1 g to max 32670 s).




Step 4: Press now all those controls in the function control
field (in center below the display) which give vou
the desired printer output (Ar, At, & =, Vr, Vt, v=,
W, Va, VAR, PF, Wh, Z).

To terminate the output function selection press
"ENTER".

In case vou do not wanht to change the output
functions shown on the display, yvou must still press
"ENTER" to proceed to step 5.

Step 5: In this step the time interval is selected by
pregsing the appropriate number (0 1 2 ...) in the
function control field Dbelow the display. The
maximum number to be entered is 32760 s, larger
numbers are truncated. To terminate the time
interval selecticn press "ENTER". If no time
interval change 1is reguired, press "RUN" tc leave
the Talk-Only programming mode.

Step 6: Press "RUN" tc terminate the programming cycle.

Press " & " to repeat the Talk-Only programming if desired. This
brings you back to step 3. Furthermore, the described programming
can be interrupted at any step by pressing "RUN".

To start the Talk-Only-Operation follow the procedure described in
section 3.19.

In Talk-0Only operation data are printed in the programmed time
intervals. Furthermore, data are printed everytime the "HOLD" mode
is entered.

By getting a long time interval, this way a manual printer
activation is achieved whenever the "HOLD" control i1s pressed.




