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1 Introduction

The CURACC Zero-flux™ is a bipolar high precision DC current measuring system, based on the zero-flux principle, for
currents up to 6000 A. The CURACC has a current output, resulting in a Zero-flux™ measuring system with the highest
specifications to which the user can add his own output circuitry.

1.1 The basic principle

The current to be measured is
sensed by a toroidal ring core that
is mounted around the primary
conductor. The primary current
generates a magnetic field. The
electronics module of the CURACC
produces a current in the
compensating winding of the core in [
the measuring head, which creates +

a counteracting magnetic field. [ﬁ Iﬁ‘gﬁ{ier [ Egggtgr
When the magnetic fields balance

each other this is known as the Peaknoid

condition of zero-flux. Detector Q 1
The CURACC has a magnetic Q

modulator with a patented peak Sawraton L Oscilator

detector. It continuously checks Detector

whether the secondary ampere-
turns are in perfect balance with the
primary. The compensating
current, which is an exact image of
the primary current, can be fed into an external burden resistor to make the signal available for further use.
The unique design of the CURACC provides high accuracy and stability without the need for special temperature
control devices.

1.2 The current output

The CURACC has a current output. This can be preferred above a system with voltage output because:
e The burden resistor can be installed at the place the signal is needed.

e There are less limitations on cable lengths in respect to voltage losses

¢ In many cases no precision amplifier is needed, resulting in a higher accuracy

e Output voltage across an external burden can be directly used to feed an ADC

ZF 02.330EN rev.3.5 Page 5 of 22



User Manual System CURACC

Cdd

PM SPECIAL MEASURING SYSTEMS
A Phoenix Mecano Company

1.3 Specifications

Primary Circuit

Rated current (In)
Overload current
Short-circuit current

Up to 6000 A
115 % of Irated (10 s)
1000 % of Irated (0.1s)

Polarity Bipolar
Output Circuit Current transfer ratio In/1 A
External burden max/min 2Q/0Q
Rated output current at In 1A
Rated output impedance > 10 MQ
Rated output slew rate (10-90 %) > 200 A/ms
Small signal bandwidth (5 % of In) 0 ... 500 kHz
Output noise (rms) related to rated
output current 0...10 Hz < 0.05 ppm
0...100 Hz < 0.3 ppm
0...10 kHz < 1ppm
0...50 kHz < 2 ppm
DC accuracy Offset error related to the rated output current,
- Initial (adjustable, at 25 °C) < 5 ppm
- Versus temperature < 0.05 ppm/K
- Versus time < 0.05 ppm/month
- Versus supply voltage < 0.1 ppm/V
Total linearity error related to the actual output < 2 ppm
Signalling Output valid Green LED + relay contacts
zero current detection LED + relay contacts
Ambient temp. Electronics 10...40 °C
measuring head 0...55°C
On board supply
loading +15 Vdc +10 mA
General Auto reset level after overload yes, if Ip returns to In

Starts with load at power on

yes, if Ip <In

ZF 02.330EN rev.3.5
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2. Available types, versions and measuring heads

2.1 Types
Co06 0...600 A
C20 600...2000 A
C40 2000...4000 A
C50 4000...5000 A
C60 5000...6000 A

2.2 Versions

C*x* -1 1 (Euro card) printed circuit board for 3U sub-rack mounting
Dimensions: 128.5x50.5x160 mm (3U,10HP)
Supply voltages: C06, C20, C40 = +24 Vdc

C50 = +32 Vdc; C60 = +40 Vdc

Supply current +1.2 A

C** -3 Euro cassette with 1 printed circuit board for 3U sub-rack mounting
Dimensions: 128.5x106.3x167 mm (3U,21HP)
Supply voltages: C06, C20,C40 = +24 Vdc

C50 = +32 Vdc; C60 = +40 Vdc

Supply current 1.2 A

C** .5 2 (Euro card) printed circuit boards for 3U sub-rack mounting
Dimensions incl. front plate (each Euro card): 128.5x50.5x160 mm (3U,10HP)
Supply voltages: 100,115 or 230 Vac (state at ordering)
Power consumption 50 VA

C** -6 Euro cassette with 2 printed circuit boards for 3U sub-rack mounting
Dimensions: 128.5x142x167 mm (3U,28HP)
Supply voltages: 100,115 or 230 V ac (state at ordering)
Power consumption 50 VA

C** -8 Chassis for 19” rack mounting
Dimensions: 44x483x250 mm (1U, 19")
Supply voltages: 100,115 or 230 Vac (state at ordering)
Power consumption 50 VA

** = C05, C20, 40,50 or C60
1) Power consumption is product dependent, the actual power consumption is specified in the project specification

2.3 Measuring heads

Model Dimensions Bore Weight Test Voltage
(mm) (mm) (kg) (kV, 1 min)
A (C06) Bare ¢ 65, H= 35 ¢ 25 0.3 2.5
B (C20) Bare ¢ 120, H= 60 ¢ 50 2 2.5
Casted 145x125x150 ¢ 45 3 5
E (C40,C50, Bare ¢ 220, H=110 ¢ 65 10 2.5
C60)
Casted 225x225x180 ¢ 60 15 5
Note:

Technical specifications in project specific documents are mandatory and replace the specifications above.
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3. Installation

3.1 General information

Both electronics module as measuring head have a unique rating plate for easy identification. As electronics module and
measuring head together form a measuring system the serial numbers on both components have the same item number
but different product identification.

For the CURACC electronics module for example the serial number is CUR-18-123-0001 and the measuring head that
belongs to this electronics module is MHB-18-123-0001.

Do not expose the electronics module and measuring head to heavy shocks or rough handling. Keep them in the original
packing as long as possible.

Place the CURACC in a dry, and dust-free position with good ventilation. Air inlets and outlets must not be blocked by
anything. Heat accumulation inside the electronics module will reduce the accuracy. Sources of heat below the electronics
module should also be avoided for the same reason.

Relative humidity should be kept within 80 % (10-40 °C) for the electronics module. Condensation moisture should be
avoided as it can strongly degrade the specifications.

WARNING ! Incorrect supply voltage will damage the electronics. Check if the indicated supply voltage
in the electronics module corresponds to your power supply voltage.

3.2 Mounting

3.2.1 The Printed Circuit Boards and Euro cassette (version C**.1, C**,3, C**.5 and C**.6)

These versions have a height of 3U and can be plugged into a sub-rack system DIN41494, part 5 and IEC60297, section
3. Preferably mount the printed circuit boards - from left to right as seen at the front - as follows:

1. The Power Supply board (if supplied)

2. The Flux Compensator board ( = CURACC)

The printed circuit boards are fitted with a male F-type connector with the rows "d" and "z" (DIN41612). The female F-
type connector counterpart for the Flux Compensator is factory connected to the interconnection cable and can be
screwed directly onto the connector mounting rail of a 3U sub-rack system. A female F-type connector for the optional
Power Supply board is part of the supply.

3.2.2 The chassis for 19” rack-mounting (C**.8)

This version comes as an integrated measuring system where power supply and flux compensator are built in. It is only
44 mm high and 260 mm deep. There are no special demands for mounting the chassis. It can be used as free standing
desktop system or can be mounted in a cabinet. It is advisable to support the chassis with L-brackets when mounted in a
cabinet. For the standard version the interconnection cable at both ends has 15-pole male sub-D connectors. Both
connectors are wired in the same manner.

3.2.3 The measuring head

For thermal reasons the specified permissible over current can last up to 5 minutes per 15 minutes.

External magnetic fields, from any origin, of more than 5 mT around the measuring head should be avoided to ensure
proper operation of the Zero-flux™ current measuring system. For the same reason pay attention to the specified "radius
of bus-bar free volume” (R) for the returning bus current or adjacent high current circuits.

Radius of bus bar free volume

CURACC version Radius

Coeé-.. 100 mm
C20-.. 150 mm
C40-.. 250 mm
C50-.. 300 mm
C60-.. 300 mm

ZF 02.330EN rev.3.5 Page 8 of 22



Cdd

PM SPECIAL MEASURING SYSTEMS
User Ma nual System CURACC A Phoenix Mecano Company

WARNING! If primary currents are expected in case of a disconnected measuring head, short-circuit
all connections of it, otherwise high voltages could be induced in the secondary and
auxiliary windings of the measuring head and cause damage.

static screen
secondary winding
magnetic screen

core
auxiliary winding

primary busbar

A ¢ (
U i

Figure 3.1 Cross-section of wound toroidal core assembly

3.3 Electrical connections for the versions 1, 3, 5and 6

The following drawing shows the set-up seen from the rear side. The female F-type connector has solder lugs and can be
wired with 0.2-1.0 mm? or AWG 24-18 wire

Figure
3.2
d z
o 02 Green (5)
Black (6)
O——o O 4 Blue (7)
O—n O
. O O 8
Contact rating 60V/0.5A 10
NO O
; 12
Output valid C 0 o)
NC 14 B
o e
NO o [ o £
| 18 — 2
Zero current C o To shell of é
NC ¢ 20 connector o
O— '“Oﬁ [
22
1o (o,
o 24
o O26 Black (8)
External burden 28
rrrrrr -O
B 30 Red 1
Output current © © Black 52%
if primary current ) 032 White (3)
flowing from P1- P2 Black (4)
+Vb 0 -Vb
00 Connection via PCB
"1 Power Supply common (0)

Electrical connections flux compensator (rear view)
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3.3.1 Power supply

WARNING! Incorrect supply voltage will damage the electronics. Check if the indicated supply voltage
on the electronics corresponds to your power supply voltage.

A power supply can be connected to the appropriate points of the flux compensator ( +Vb, 0V, -Vb).

+Vb or -Vb will be loaded with approximately 1.2 A depending on the primary current detection. The power supply must
therefore be able to supply such current.

For the versions 5 and 6 a dual power supply is included. It can be operated with 115 V or 230 V/ 50... 60 Hz or any other
voltage (depending on what is ordered). An IEC-fuse (5x20 mm) protects the supply transformer. A spare fuse is located
on the circuit board. An IEC-fuse (5x20 mm) protects the supply transformer. A spare fuse is located on the circuit board.
The "power supply common" (indicated with "0") and the earth terminal are galvanically isolated but H.F. coupled with a
capacitor.

3.3.2 The status signals

The "Output Valid" and "Zero Current” signals inform about the operational conditions of the CURACC system. For
both a floating changeover contact is available. Furthermore both signals have an additionally normally open (N.O.) contact
(z10 and z16 resp.) which are connected to common and can be used for extra indication, for example with a remote LED.

3.3.3 The measuring head

The cable coming from the measuring head is factory connected to the female F-type connector counterpart of the flux
compensator board. To prevent for EMI problems the static screen of the measuring head is connected with the cable
screen. The cable screen is connected to z22 and via d22 to earth.

3.3.4 Output Signal

An external burden (not part of the standard delivery) can be connected from d24 (output) to 0 V at the users electronics.
The maximum burden value (inclusive wiring etc.) is 2 Q at the rated current In, resulting in a total voltage drop of 2 V.

o
N

+Vb

To flux-
compensator

Vb

o O &~ N

12

14
16

18
20
22

24 1
= EARTH
26

28 P

O O O O O O O o O O O

PHASE

30
32 N

o o O O o OO0 OO o o o o o o o

o O O O C

NEUTRAL

Figure 3.3 Electrical connections power supply (rear view)
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3.4 Electrical connections for version 8

F1
7

Connector X3
electronics module

Connector shell

t T

X1: 3 pole IEC mains connector (AC supply)

.

Output valid

Contact rating 60V/0.5A (AC/DC)

X2 : 9 pole sub-D connector (Status signals)

Phase

Earth

Neutral

Additional earthingpoint (fast-on 6.3x0.8mm.

C2

-

1 Closed when working properly (1-6)
C6

(8

-

Zero Current

7 Closed when 1<0.1% In (7-3)

(3

Do not connect

C45,9

X3: 15 pole sub-D connector (Measuring head)

X4 : 9 pole sub-D connector (Output)

7 - Blue - 7
1¢ Red - :1
2( um Black -2
3 C mm White - 3
4 Black 4 Connector
. ™= )——  measuring head
5( mm Green - 5
_ 6 um Black - 36’
10C mm m 10 Nc
9C mm m 9 NC.
8 ( um Black - 8
/47—# [ . L e e Connectorshell
1115¢ N 11-15
Out 1
—— C2
s s Earth connection
7+ Chassis connection
—— C6-9

- POwer supply common

Figure 3.4 Connectors on version 8
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3.4.1 Mains supply connector X1

The electronics module operates with 50 ... 60 Hz. Depending on what is ordered, the supply voltage is 115V or 230 V (or
any other voltage). As an option, the electronic module can be delivered with a DC power supply (e.g. 110 Vdc).

WARNING! Incorrect supply voltage will damage the electronics. Check if the indicated supply voltage
on the electronics module corresponds to your power supply voltage.

Check the mains rating plate on the rear of the module for the correct mains voltage. The 3-pole IEC mains inlet filter has
a built-in fuse (5x20 mm) to protect the supply transformer and contains a spare fuse. Earthing the system is advisable for
personal protection reasons. If the mains supply is not provided with an earth lead (as in some countries) use the fast-on
connection on the rear of the module to earth it separately. Follow the instructions from the local power company for
safeguarding against electrical shocks.

3.4.2 Status signals connector X2

At this 9-pole female sub-D connector the contacts of two status-relays are available. They signal the status "Output Valid"
and "Zero Current”. To ensure a maximum EMI-screening use a metallized or metal connector hood and a screened multi-
core cable. Furthermore two test signals (via series-resistor 10 kQ) and a common are provided. (See chapter Maintenance)

WARNING! Do not use the test signals at pins 4,5 and 9 at normal working conditions.
See chapter Maintenance.

3.4.3 Measuring head connector X3

The measuring head cable must be connected to the 15-pole female sub-D connector X3, situated on the electronics module.
Tighten the screws of the connector housing firmly to ensure a good electrical contact and screening.

3.4.4 Output signal connector X4

The output signal is available at the 9-pole female sub-D connector X4. The CURACC is equipped with a current output. The
"power supply common" and the metal chassis are galvanically isolated but H.F.-coupled with a capacitor. (C1)

A burden resistor, which is no part of the delivery, can be added to power the users circuitry.

Find below a possible a suggestion how to connect a burden to the CURACC.

CURACC | CABLE | USER
[ I
twisted pair
x4
: N
1
Burden
Lo 2 Lo
- | e - |
T =
o 1] FE
Cable screen
Connector shell

Chassis _, r@ Protective earth E? jﬂ

Figure 3.5 Connecting a burden resistor

To improve the Electro Magnetic Compatibility (E.M.C.) use a cable with a twisted pair of conductors and a metal foil screen
for carrying the output signal. One end of the cable screen is connected to the shell of the counterpart of x4 AND TO PIN
5. The other end of the cable screen should be connected in a similar way. The screen must be connected to the chassis at
the user side. For safety reasons the chassis of the CURACC must also be connected to earth. For maximum EMI-screening
use metallized or metal connector hoods.

ZF 02.330EN rev.3.5 Page 12 of 22
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4. Cable for the measuring head

As a standard the cable has a fixed connection to the measuring head. In case the measuring head is supplied as an
enclosed or side plated version the cable has to be plugged into the 15-pole female sub-D connector situated on the
measuring head. Tighten the screws of the connector housing firmly, because the static screen of the measuring head has
to find electrical continuity with the cable screen via the connector shells. The hood of the sub-D connector is metallized.
The cable is an 8-core halogen free insulated with an aluminum foil screen + drain wire. The core cross section is 0.2 mm2.
(AWG20). The standard length of the cable is 3 meters.

5. Visual indications

The CURACC is equipped with several LED indicators for quick survey. They are located in the front panel of the electronics
module. All LED's indicate a "true" situation.

5.1 Output Valid

It can happen that the primary current reaches such a high level that the secondary current required to maintain the
ampere-turns balance cannot be produced by the power amplifier. The zero-flux condition will be preserved for primary
currents up to about 115 % of the rated value. However, if over-currents last for too long, the toroids become saturated
and the output voltage no longer bears any relation to the primary current. Consequently, a detection circuit is provided
which signals this operating condition via a relay and a LED indicator. At the same time, a reset circuit is activated which
enables the CURACC to restart normal operation as soon as the over current ends.

5.2 Zero current

The bipolar CURACC is supplied with a zero current detector that is activated when the primary current drops below 0.1 %
of the rated value. This condition is indicated by means of a LED indicator in the front panel.

5.3 Power on

Only if a power supply is part of the delivery, like in version 5,6 and 8, a LED indicates the presence of the DC voltage on
the printed circuit boards.

ZF 02.330EN rev.3.5 Page 13 of 22
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6. The Block diagram

6.1 General

The electronics of the CURACC is situated on a single Euro card size printed circuit board. The primary rated current
determines the number of turns of the secondary winding Ns, which is connected to the flux compensator.

p - Np
[ )
Is Ns
- CY Y Y Y Y Y Y Y Y Y Y Y Y Y Ye)
)
diz26 230 d3ol 2] d32 ) d z
O P |
1 cx6 X2 X1 X3 w1
= )
Peak 10 Vi Ve
Oscillator " detector ‘ Powerﬁ o
‘ ampl. j ‘
7N ﬁ%ﬁ AC-loop 7'\ 3
R3 R2 I
—A
Amplitude Loop offset
Balance
Loop
finder
i
4 +14V
A
X4 [
o 41z
Excitation Window Voltage OV L im0
7
control —| detector stabilizers
d/z28
W@
v
X5 14V \
|
z10
Zero o
utput v d10
Current valid K1 12
—Oz
"| Detector / |
v £ L@ d12
|
ﬁ d 16
K2
NN F / 2 218
L di18
0216
|
~dfiz24

Figure 6.1 Block diagram CURACC system
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6.2 The Control Loop

feeding the integrated circuits on the printed circuit boards.
generates a 72 Hz or 160 Hz voltage. The amplitude can be adjusted with potentiometer

* Voltage stabilizers

* Oscillator

R3. The cores of the auxiliary windings Na> and Na3 have to become saturated. With
potentiometer R2 the differences in magnetic characteristics are balanced.

The signal of core Na; and the output signal of the "peak detector" are combined in the

* Power amplifier

is limited at approx. 130 % . To compensate the primary ampere-turns the output

"AC-loop". With potentiometer R1 the offset is adjusted.

behaves like a voltage-controlled current source. The current of the power transistors

current is directed, via jumper W1, to secondary winding Ns, The current goes to the
output where a "burden resistor” can be connected to obtain a voltage output.

6.3 Supporting functions

detects malfunction of the oscillator and the saturation of the measuring head.

detects measuring head not connected, wire cut, saturation of the measuring head,
current limit of the power transistors exceeded or break down of the power transistors.
The two above mentioned functions come together in this block.

* Excitation Control
* Window Detector

* Output Valid

In the table below the functions are summarized.

Excitation OK? V1 within window? LED, relay K1 Output Valid?
Yes Yes On Yes
Yes No Off No
No Yes Off No
No No Off No

When the output is said to be valid the relay K1 is energized or "On".

Not included in the table is the loss of +Vb or -Vb or both. The relay will then be de-energized or "Off".

* Zero Current Detector

At a current value below 0.1 % of the rated current, relay K2 and LED are activated.

The signal is interlocked with the " Output Valid" relay K1. The reason for this is when the measuring head is disconnected
it would be impossible to detect whether the primary current is zero or not. This is summarized in the table below.

Current <0.1%? Output Valid? LED, relay K2 Zero Current?
Yes Yes On Yes
Yes No Off No
No Yes Off No
No No Off No

* Excitation Control
* Loop finder

detects saturation of the measuring head after an over current.
activated by the Excitation Control.
It starts the AC-loop sweeping and restores proper operation.

ZF 02.330EN rev.3.5
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7 Maintenance

7.1 Visual inspection

Check at malfunction first:

a. The accumulation of dirt, dust or moisture. Remove this contamination with low-pressure, clean dry air or with a soft
brush.

b. Scorched or burned parts. Damages of this type are usually caused by other defective components. Determine the cause
of damage before replacing components.

7.2 Power Supply

If the LED's are not signalling as expected or when the output signals are conflicting with the input conditions start to check
the power supply. If a CURACC version was supplied with an integrated or optional power supply, check this circuit first.
(Mains cable, fuse, internal connections, bridge rectifier etc.) For the DC-value of the power supply see chapter 2. If a fuse
is blown, try to find an explanation for this event first.

The current rating and the I%t-value of the fuse is indicated on the electronics. A “slow” type fuse, with the indicated current
rating, can also replace this fuse.

7.3 Test signals connector X2 on version 8

At this 9-pole sub-D connector two test signals are available with respect to pin 9 (Common). At pin 5 the magnetising
current can be measured and at pin 4 the “induced voltage" can be observed. For description and waveforms refer to 7.4.4.
Note: Pins 4 and 5 have a series resistor of 10 kQ.

7.4 The Flux Compensator Board

For the following tests the use of an “extender” board is advised, in order to have all connector pins available for measuring
purposes. (F-type connector with rows d and z.) If not possible leave the board installed and connect the test leads to the
indicated components on the board as described.

* Some signals are available at provided test points: X1 ... X6
* Measure with respect to common: d/z20 or W2
* Use measuring equipment with input impedance of at least 1 MQ
* If not stated otherwise the Flux Compensator and the Measuring Head are interconnected and the primary current
is zero.
* Connect a dual power supply with a voltage level as indicated on the label of the printed circuit board.
-d/z6 = +Vb,
-d/z28 =-Vb and d/z20 = common.
* For easy access to the measuring points and components remove the heat sink by unscrewing two M2.5 screws.

7.4.1 Insulation test

If a strong heating up of the main heat sink is noticed even at zero primary current, it is possible that there is a short-circuit
between the collectors of the power transistors and the heat sink support (= 0 V). To check this, desolder jumper W2, short
circuit all connector pins and perform an insulation test with 100 Vdc between the soldering points of W2. The insulation
resistance should be more than 10 MQ.

7.4.2 Voltage Stabilisers

The " Voltage Stabilisers" should produce +14 0.5V on z8 and -14 +£0.5 V on d8. This can also be measured at the left
side of respectively resistor R77 and R78.

7.4.3 Zero Current Detector

Putting a small DC-current trough the measuring head can test the “Zero Current Detector”. Relay K2 will switch over at a
voltage level of approx. -7 V at point X5. Be aware of the interlocks of relay K1 and K2.
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7.4.4 Oscillator and induced voltage

The "oscillator" should generate a triangular-shaped voltage with a frequency of 72 £7 Hz. For measuring head size A
this is approx. 160 Hz. Measure this at point X6. By adjusting the amplitude of the oscillator with potentiometer R3, the
magnetising current must be set to 1.5 +0.2 V peak value. Measure at point z32 or at the cathode of V2.

A\

\ ,/ A\\ // \\ / A: Oscillator output 5 V/div.
AVIEAVAR

A ﬁ\ r B: Magnetising current 1 V/div.

. N\ I\
Al V VA —

Figure 7.1 Normal excitation

With potentiometer R2 the "induced voltage" must be adjusted to its minimum peak-value: < 0.5 mV x Nsec.

(Nsec = Iprim + Isec). The wave-shape depends on the measuring head that is connected and is unpredictable. However
it should be synchronous with the oscillator frequency. Measure at point d/z4 or at the cathode of V7. When the secondary
and primary ampere-turns are not cancelling out (cut wires, defective amplifier etc.) the magnetising current will show a
different shape. (see figure below). When lifting jumper W1 from the output amplifier, it is possible that the magnetising
current restores to the shape in the above figure.

A\ A\ /

\ // \\ / ( \\ / A: Oscillator output 5 V/div.
N/ N/ N/

M M l'\v—- B: Magnetising current 1 V/div.
v ~— .
TB: 5 ms/div.

Figure 7.2 Excitation due to saturation

7.4.5 Peak Detector

The output signal of the " Peak Detector”" is shown in the figure below. The output signal is measured in closed-loop
situation (Jumper W1 fitted). The wave-shape varies a lot during adjustment of the induced voltage, but it will be
synchronous with the magnetising current. Measure at point X2.

A: Magnetising current 1V/div.
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A
J \\ ,J /-j \ B: Output peak detector 0.1 V/div.
SIRTARRARNY

V \I TB: 5 ms/div.

Figure 7.3 Peak detector signals

To check proper operation of the peak detector lift jumper W1 and
measure the output voltage at point X2 with a voltmeter at zero primary current. Requirement: 0+0.1 V. Then have a
current flow of 50 mA in the direction of the arrow trough the measuring head. Now the output voltage at point X2 will
change about +1 V.

7.4.6 Excitation Control

The " Excitation Control' produces, under normal conditions, an average output signal lower than -9 V. Measure this at
point X4 with jumper W1 fitted.

A AN
\ A /
\ \ RA: Oscillator output 5 V/div.
AV/AVARNZ
\"4 "4 V
RB: Zero level for B-trace
RB
B: Excitation control output 5 V/div.
TB: 5 ms/div.
B A v

Figure 7.4 Excitation control

In case the magnetising current has a shape like trace B of fig.7.4, the voltage at point X4 will drop to about zero.

7.4.7 AC-Loop

The output signal of the "AC-Loop", under normal conditions, is within £0.1 V. Measure this at point X3.
With potentiometer R1 the offset of the signal output must be adjusted within 100 pV. Measure the offset between the
points d/z 24and d/z 26.

7.4.8 Power Amplifier

For the normal output signal of the " Power Amplifier" see the description of the induced voltage at the "Oscillator" section
of this chapter. The average level of the output signal should be zero at zero primary current.
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7.4.9 AC-Loop/Power Amplifier dummy load test

There is a possibility to test the "AC-Loop" in combination with the " Power Amplifier'. At the same time other functions
could be tested. To perform this test do following:
a. Disconnect the measuring head
b. Connect a resistor decade box between the points X1 and X3 and adjust to 10 kQ
c. Connect the oscillator to the input of the AC-Loop: z30 to z2 or the left side of resistor R45 to
the top side of resistor R11. (See drawing ZF 00.639.02)
d. Load the power amplifier with a resistor of 10 kQ (approx. 25 W). Connect the resistor between the
points d/z4 and d/z26 or between the cathode of V7 and the anode of V24.

In this way a unity-gain amplifier is made from the AC-Loop that is driven by a resistive loaded power amplifier. With resistor
R3 the triangle-shaped input voltage can be adjusted between 5 V and 12 V peak value. When the heat sink has been
removed the power amplifier can be loaded only a short period of time (approx. 1 min.)

\| /N /\ |/
RA: Oscillator output at point z30 or left side of

RA\ \ / / resistor R45, 5 V/div.
/

v Y v RB: Output power amplifier at point d/z4 or the
RB f \ f -\ / \ cathode of V7 with a resistor decade box at
yﬁ A 1 kQ, 10 V/div.
7 B /'/ N/ \\ B: Same as RB, but with decade box at 2 kQ

J U _/ \ TB: 5 ms/div.

Figure 7.5 Test of the power amplifier

Trace RB has flat peaks because of the current limit action (approx. 130 %) of the power amplifier. Trace B is recorded with
a 2 kQ resistor between the points X1 and X3 giving an amplification of 0.2 for the AC-Loop. The output signal of the power
amplifier is inverted because of the AC-Loop. The distortion of the output signal of trace B is caused by the non-linear
transfer-characteristic of the power amplifier. The amplitude of the output signal depends from the power transistors.
Because of the current-source characteristics of the power amplifier, the output voltage will rise - within the limits of the
supply voltage - when the load resistor is increased. The "voltage output” circuit will show the same output voltage
between Hi and Lo as trace B and RB but with inverted polarity.

The following tests should be performed load-free. Disconnect the load or lift jumper W1. The " Output Valid" relay K1
with its LED will be de-energised by the " Window Detector" when the peak value of the triangle voltage on point X3 rises
to approx. 10 V. The peak value can be adjusted with potentiometer R3 or with the resistor decade box between the points
X1 and X3.

A part of the " Loop Finder" could also be tested with the same triangle voltage. The voltage at the bottom side of resistor
R23 will become a square wave when the peak value of the triangle voltage on point X3 rises to approx. 7V. Below this
level the signal at resistor R23 will either be +14 V or -14 V. There is also a possibility to test the " Loop-Finder" in action,
i.e. in an over current situation. To do so, remove the connections described at ¢ and d in chapter 8. Instead of that connect
point z30 to point d/z20 or the left of resistor R45 to jumper W2. Furthermore connect point z2 to point d/z20 or the topside
of resistor R11 to jumper W2. This will result in a sweeping action of the AC-Loop. Measure this at point X3. The frequency
is not so important but will be around 2 Hz.

ZF 02.330EN rev.3.5 Page 19 of 22



User Manual System CURACC

Cdd

PM SPECIAL MEASURING SYSTEMS
A Phoenix Mecano Company

'\

A: Output of AC-Loop at point X3: 5 V/div.

TB: 0.2 s/div.

Figure 7.6 Test of the Loop-Finder
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8 Accuracy check

Due to the very good long-term stability of the CURACC it is not necessary to check the accuracy periodically. Under normal
operating conditions the offset drift versus temperature and time will be within specifications. Nevertheless, if an accuracy
check is needed, the following circuit could be used.

P1 P2 Ip P1 P2
0-600A
O] <
CALIBRATED CURACC CURACC
lkohm

1 Lo 1
n 1

oo

REF DUT

Figure 8.1 Calibration of the CURACC

The reference in fig.8.1 is a calibrated PM CURACC DCCT with a very high accuracy and stability. As both reference
systems (REF) as the devices under test (DUT) have a current output a direct current comparison is possible when
both transfer ratios are equal or multiples of each other.

Primary current directions must be chosen in such manner that the output current of the DUT is positive and the
output current of the REF is negative. Assuming that the errors of the REF are negligible, this way the error current of
the DUT is flowing through the 1 k2, 1% metal-film resistor.

The diodes (Si, 2 A types) are for the protection of both REF as DUT in case of wrong connections.
Note that the primary windings also can be made with multiple turns.

1. Open the primary circuit and disconnect the output of the DUT

2. Minimise the offset of the REF with the potentiometer on the front panel
3. Connect the output of the DUT again. (Leave the primary circuit open)
The offset of the DUT can now be determined with the Null-voltmeter.

By varying the primary current from 0 to +In or 0 to -In the total error of the DUT can be established.
The total error is composed of the offset error, drift of offset error due to changing temperature of the DUT electronics
and the linearity error.

For both offset and total error, 1 mV on the Null-voltmeter corresponds to an error current of 1 pA in the output circuit
of the DUT. Related to the primary side it means 1mV for an error current of 1 pA.
Errors of the CURACC can be adjusted with front potentiometer R1.

If the voltage across the 1 kQ resistor is >0.5 V the diodes are conducting, indicating an abnormal error or wrong
connections.
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9 APPENDIXI DRAWINGS

Document number

External connections System CURACC type 1U x 19”chassis (version 8) ZF 06.441.04
External connections EM System CURACC type Eurocard/Cassette (version 1) ZF 06.443.04
Dimensions EM CU-ST-TO 1U high ZF 06.265.02
Connection cable head to electronics ZF 06.266.04
Wiring Diagram Curacc 1U-19” ZF 06.452.03
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