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C€

EUROPEAN DIRECTIVES

SAFETY

The TC3001 products installed and used in accordance with this User Manual are
designed to comply with the essential protection requirements of the European
Low Voltage Directive 73/23/EEC dated 19/02/73 (amended by Directive 93/68/EEC
dated 22/07/93).

C € MARK

The CE Mark of TC3001 products implies that the essential protection
requirements of the European Low Voltage Directive are observed.

The TC3001 Technical Construction File is approved by a Notified Body, LCIE
(Laboratoire Central des Industries Electriques).

C € DECLARATION OF CONFORMITY

A CE Declaration of Conformity is available on request.
For further information on CE Mark, please contact your nearest Eurotherm office.

ELECTROMAGNETIC COMPATIBILITY (EMC)

For industrial environments, excluding residential environments

The TC3001 products are considered as components without any direct
function as defined in the EMC Directive. The system or installation in which
these products are incorporated must complies with the essential protection
requirements of the EMC Directive.

However, Eurotherm certifies that the TC3001 products, when installed
and used in accordance with their User Manual, meets the following EMC test
standards and enables the system or installation in which there are installed to comply
with the EMC Directive in regards to the TC3001 products.
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EMC TEST STANDARDS

EMC tests EMC test standards

Immunity | Electrostatic discharge EN 61000-4-2 (06/1995)

Fast transients EN 61000-4-4 (01/1995

Radioelectric frequency prEN 61000-4-3 (1984)
electromagnetic fields

Emission | Radiated EN 55011 (1991)

EN 50081-2 A classe

Conducted EN 55011 (1991)

The choice of the Conducted Emission applicable standard depends on the application:
* EN 50081-2

- Without external filter in Burst firing on resistive load up to 150 A nominal

- With an external series filter for other configurations
- |IEC 1800-3 (prEN 61800-3 1996)

Without external filter. Applies for the second environment

VALIDATION BY COMPETENT BODY

In order to guarantee the best service, Eurotherm has validated the compliance of
the TC3001 products with EMC test standards through design and laboratory tests that
have been validated with a Technical Construction File by a Competent Body, LCIE
(Laboratoire Central des Industries Electriques).

EXTERNAL SERIES FILTERS

To reduce the conducted emissions that occur when using thyristor units, Eurotherm
can supply external filters.

Nominal current of TC3001 Serial filter order code
25 Ato60 A FILTER/TRI/63A/00
75 A and 100 A FILTER/TRI/100A/00

For 150 A to 500 A nominal current consult your Eurotherm ofice

EMC INSTALLATION GUIDE

In order to help you reduce risks related to the effects of electromagneticinterference
depending on the installation of the product, Eurotherm can supply you with the
"EMC Installation Guide " (Part No. HA025464).

This guide gives the rules generally applicable for Electromagnetic compatibility.
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MANUALS IN USE

This TC3001 User Manual Part No HA174833ENG (and TC3001 User
Manual Part No HA174834) intended for the TC3001 series power thyristor
units manufactured beginning December 1995.

The TC3001 User Manual ( Part No HA174530) is valid for products
manufactured before this date.

PRECAUTIONS

Important precautions and special information are indicated in the manual by two
symbols:

ﬁ This symbol means that failure to take note of the information may
have serious consequences for the safety of personnel and may

DANGER even result in the risk of electrocution.

A This symbol means that failure to take note of the information may
« have serious consequences for the installation
ATTENTION e result in the incorrect functioning of the power unit.

These marks must indicate specific points. The entire manual remains applicable.

PERSONNEL

The installation, configuration, commissioning and maintenance of the power
unit must only be performed by a person qualified and authorised to perform
work in an industrial low voltage electrical environment.

INDEPENDENT SAFETY

It is the responsibility of the user and it is highly recommended, given the
value of the equipment controlled using TC3001, to install independent
safety devices. This alarm must be tested regularly.

Eurotherm can supply suitable equipment.

FURTHER INFORMATION
For any further information and if in doubt, please contact your EUROTHERM
office where technicians are at your disposal should you require advice or
assistance with the commissioning of your installation.
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Identification

Chapter 1 IDENTIFYING THE THYRISTOR UNITS

GENERAL INTRODUCTION TO THE TC3001 SERIES

TheTC3001 series thyristor units are designedtmtrol the electrical poweronall types of
industrial three-phaseloads.

TheTC3001 series is designed to control the following loads:
« inductive (inductors or primary transformer coils),
« resistive (with low or high temperature coefficient),
» composed of short wave infrared elements.
The three-phase loads can be connected
* in star with neutral
* in star without neutral
* in closed delta
* in open delta.
TheTC3001thyristor units control currents betwe2s A and500 A
The nominal line-to-line voltage can be betwé&@0 V and 690 V

The thyristor configuration imdifferent to the order of the supply phase rotation.

A TC3001 series thyristor unit is composedafhannelscontaining a pair of thyristors
mounted in anti-parallel.
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Identification
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Figure 1-1 Overall view of the TC3001 thyristor unit
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Identification

TheTC3001 thyristor units have the followinfginctions:

« four types ofeedback
-V2orl?
-VxlI
- external measurement signal
« several thyristofiring modes:
- logic (ON/OFF),
- thyristor firing angle variation (Phase angle),
- cycle time modulation (Burst firing mode and Phase angle burst),
- soft operation: adjustable soft start and/or stop to eliminate over-currents
on load with low resistance when cold or for other applications
« permanent monitoring of the load, the currents, the supply voltage and the frequency.

The thyristor unit is controlled witAnaloguesignals and in On/Off mode withgic signals.

For the inputanaloguesignals, there are four possible voltage levels:
05V; 1-5V; 0-10V; 2-10V

and two current levels:
0-20 mA and 4-20 mA.

The instantaneous state of the thyristor unit, its operating mode, a load failure or the enabled
alarms are indicated by message on a 7 segaispity located on the front panel.

The front panel also includes:

¢ 5adjustment potentiometersfor the main operating parameters
« adiagnostic connector.

An alarm system detects failures in the loads and abnormal variations in the voltage
and current.

Failure detectioris signalledby the switches of two alarm relays and by the display.

If the current threshold pre-adjusted by the user or in the factory is exctrezledirent
monitoring system

« stops the thyristor unit in Burst firing or Logic operation

« limits the current by thyristor angle variation in Phase angle, Phase angle burst and

Burst firing operation with soft operation.
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Identification

TheTC3001 thyristor unit is equipped with:

« a thyristor firing board fower board) which generates thyristor firing pulses and
measures the currents and voltages,

 a driver board' for the auxiliary and control circuit power supply,

» a potentiometer board for the calibration of the thyristor unit current and voltage
and for the adjustment of the main operating parameters,

« afilter board ' to protect the thyristor unit operation against transient interference.

The user terminal blocks below the thyristor unit are used for the following connections
without having to open the front door:

« the auxiliary power supply,
« the reference neutral,
* two alarm relay switches.

Thefilters providing immunity against electromagnetic interference are fitted:
< at the reference neutral connection input,

* between the power phases
« between the supply phases ('LINE') and the safety earth connector.

TC3001 User Manual 15



Identification
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Figure 1-2 TC3001 thyristor unit electronic boards
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Identification

TECHNICAL DATA

The TC3001 series is a series of power thyristor units designed for the control and
feedback of 3 phases of industrial three-phase loads using thyristors.

ﬁ Danger !

An isolating device must be installed between the equipment and
the mains supply in order to perform the maintenance in complete safety.

Thyristors are not isolating devices.
Touching load terminals, even if there is no loads current (unit in
the off-state), is as dangerous as touching power supply terminals.

fi Attention !

It is the user's responsibility to ensure that the nominal values of the thyristor
unit are compatible with the conditions of installation and operation before
commissioning the thyristor unit.

Power
Nominal current (per phase) 25 Ato 500 Aaccording to product code
Nominal line-to-line voltage 240 V10 690 Vaccording to product code (+10%,-15%)

Operating voltage (calibration) 100 Vto 690 Vaccording to product code
Inhibition below 70% of calibrated voltage

Supply frequency 42 Hzto 68 Hz Automatic adaptation

Inhibition outside 40 to 70 Hz
Dissipated power 1.3 W (approximately) per ampere and per phase
Cooling Up to500 V : Natural convection 25 Ato 75 A)

Permanent fan cooling frod00 A
600t0 690 V : Natural convection 25 Ato 100 A
Permanent fan cooling frodb0 A
Fans 2 fans for100to 250 A (150to 250 Afor 600to 690 V),
3 fans for300 Ato 500 A
Consumptior25 VA per fan
Supply voltagel15 Vor230 V
Load All types of industrialthree-phaseload:
resistive, short wave infrared, inductive, tungsten,
primary transformer coil, etc.

Load connection rdependentof the phase rotation order
Load configuration Closed (3 wires) and open (6 wires) delta
Star without Neutral (3 wires) and with Neutral
(4 wires)

Load type and assembly configuration using jumpers

TC3001 User Manual 7



Identification

Environment

Operating temperature

Storage temperature
Thyristor protection

Protection

External cabling
Operating environment
Humidity

Pollution

Dimensions
25A to 250A k£ 500V

300A to 500A
and 25A a 250A / > 500V

Electromagnetic compatibility

The TC3001 installed and used in accordance with User Manual, see European Directives

Immunity

Radiated emission
Conducted emission

CE Mark

Electrical safety

CE Mark

0°C to +50°C (40°C for 500 A,
at 50C redesign to 450 A)
maximum altitude2000 m
-10°C to+70°C
Internal high spetges
Varistor andRC snubber
IP20 on front panel (according t&C 529)
To be performed according to the StandB@i$64
Non-explosive, non-corrosive and non-conductive
RH from5% to 95% without condensation
Degree admissible, defined bifC 664

480 mm(H) x 248 mm (W) x 268 mm(D)
Weight16 kg, (250 A :18 kg)

570 mm(H) x 373 mm (W) x 268 mm (D).
Weight21 kg

Comply with Standards :
IEC 1000-4-2 ( EN 61000-4-2) 06/1995
IEC 1000-4-4 (EN 61000-4-4) 01/1995
IEC 801-3 (EN 61000-4-3) 1984

Comply witeN 55011 1991

Comply wittN 50081-2 Classe A 1991 :

« Without external filter in Burst firing on resistive load
up to 150 A nominal
« With an external series filter for other configurations

Comply withIEC 1800-3 (EN 61800-3) 1996
Without external filter.
Applies for the second environment.

Comply witEuropean Low Voltag Directive 73/23 EEC

The TC3001 products akeE marked

The CE Mark of TC3001 products implies that the
essential protection requirements of the European
Low Voltage Directive are observed.

1-8
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Identification

Control
Power supply 100 Vto 240 V according to product code (+10%; -15%);
Consumption20 VA
Thyristor firing
mode *  ON/OHogic)
e Burst firing (number of firing periods adjustable between
1 and 255periods).
* Phase angle burst(number of firing periods adjustable between
1 and255periods).
For these threemodes:
- start atzero voltagefor resistive loads with elimination of the
DC component
- start atzero current on each phase for inductive loads with
elimination of transient currents
(adjustment using potentiometer on front panel)
- possibility of adjustablseoft start and (or) end between
1 and 255 periods for the start and end of each firing cycle
(thyristor firing angle variation)
* Phase angle
Possibility ofsoft start and (or) end withlmear ramp on a
setpoint change (increase/decrease), the duration of the ramp from
0 to 100% firing i90.1 sto 40 H
(adjustment using potentiometer on front panel).
« Initial ramp
Possibility of the start the thyristor unit with a initial ramp selected
(safety ramp) of 32 periods in firing angle variation.
Control signal Analogue (in Burst , Phase angle burst and Phase angle firing modes

- Voltage: 0-5V; 1-5V; 0-10 Vor 2-10 V
Input impedance100 kQ

- Current: 0-20 mA 4-20 mA
Input impedance 10Q

- Second input with low win action.

Logic (in On/Off firing mode)

On=50% of the configuration input signal
Off < 25% of the configuration input signal.
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Identification

Feedback

Feedback type

Feedback quality

« Powev (x I)
» Mean of the squares of the three currépis = (12+1,2+12)/3
or the squared load voltay¢
» External measurement (see analogue control signal's values)
Linearity : 1% in Phase angle;+2% in Burst firing
Stability : %1% in Phase angle;+2% in Burst firing
with variations:
- of the load impedance+30%;
- of the supply voltage  +10%, -15%;
- of the temperature 0to 80
Adjustableresponse time To change froml0% to 90% power:
-in Phase angle 220 msto 1.5 s
-in Burst firing -0.3st0150 s

Transmission precision £2%

Alarms

Voltage

Frequency

Current

Load

Monitoring

Absence of supply voltage on each phase
(inhibition of the thyristor unit)
Under-voltage (thyristor firing stopped belo@% of the nominal
thyristor unit voltage)
Over-voltage (alarm for a voltage greater than the nominal
thyristor unit voltage b20%)
A frequency aboV® Hzor below40 Hz stops the operation
of the thyristor unit
Over-current :
If the RMS value of the maximum current of one of the load phase
exceeds the current threshold by 10% :
« in Logic and Burst firing modes the unit operation is stopped
« in Phase angle, Phase angle burst and Burst with soft start/end
modes, - the current limit in thyristor firing angle variation.
Thyristor short-circuit and over-current detection
Partial loadailure (PLF) detection.
The PLF alarm detects the failurelolement out ofi to 8
identicalelements (depending on the three-phase configuration)
mounted in parallel. Adjustmensingpotentiometer on front panel
or using an external signal and potentiometer.
Loadunbalancedetection
(for resistive loads or for short wave infrared elements),
detection of an unbalandd < 0.251,,

Permanent dataon the alarm type and its degree of severity
with adisplay and withtwo relays

1-10
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Identification

Current limit

Current threshold

Adjustment

Action

Diagnostics

Test signals

Retransmissions

The current limit sets the maximum valué. of

Adjustment of the current limit setpoint using a potentiometer on
the front panel, with or without an external signal.
For the thyristor firing modes :
- Phase angle
- Phase angle burst
- Burst firing with ramp or soft start / end:
thyristor firing angle variation

For the thyristor firing modes:
- Logic
- Burst firing

thyristor unit operation stop.

Connector for diagnostic unit used to adjust, control and
calibrate the thyristor unibcally using20 test signals

Three squarratrents
Squaredvoltage (filtered signal)
Feedback parameter(DC signal)
Outputs Qto 10 V).

Attention !

ﬁ Due to the continual improvement of products, Eurotherm may be required to
modify specifications without prior notice. For any further information and in
the event of doubt, contact your Eurotherm Office.

TC3001 User Manual
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Identification

CODING

Nominal  Line Auxiliary Operating  Input Thyristor Ramp,
TC3001 current / voltage / power supply / voltage / signal / firing mode / soft start, end /
(calibration)

Nominal current Code Input signal Code
25 amperes 25A 0 - 5 volts ov5
40 amperes 40A 1-5volts 1Vv5
60 amperes 60A 0 - 10 volts 0v10
75 amperes 75A 2 -10 volts 2V10
100 amperes 100A 0-20mA 0mA20
150 amperes 150A 4-20 mA 4mA20
250 amperes 250A
300 amperes 300A
400 amperes 400A - —
500 amperes 500A Thyristor firing mode Code
Line voltage Code Logic (ON/OFF) LGC
240 volts 240V Phase angle PA
440 volts 440V Burst firing:
480 volts 480V 1 period FC1
500 volts 500V 2 periods FC2
690 volts 690V 4 periods FC4
- 8 periods FC8
For other voltages, contact your Eurotherm Office 16 periods C16
Aucxiliary power supply Code 32 periods C32
100 volts 100v 64 periods Cco64
110 to 120 volts 110V120 128 periods 128
200 volts 200V 255 periods 255
220 to 240 volts 220V240 Phase angle burst:
1 period HC1
Operating voltage Code 2 periods HC2
100 volts 100 4 periods HC4
110 volts 110 8 periods HC8
115 volts 115 16 periods H16
120 volts 120 32 periods H32
200 volts 200 64 periods H64
220 volts 220 128 periods H28
230 volts 230 255 periods H55
240 volts 240
277 volts 277
380 volts 380 Ramp, soft start/end Code
415 volts 415
400 volts 400 Without ramp and without
440 volts 440
480 volts 480 soft start/end NRP
500 volts 500 Positive ramp or
550 volts 550 soft start URP
600 volts 600 Positive and negative ramps
660 volts 660 or soft start/end UDR
690 volts 690
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Identification

Load Load PLF

Controlled Current Auxiliary Load
connection / type / detection / parameter / limit / input- / unbalance / Language / Options / 96/ 00

Manual

mode output  detection
Load connection Code | Auxiliary input/output Code
Delta (3 wires) 3D Controlled parameter retransmission RTR
Star without neutral (3 wires) 3S
Star with neutral (4 wires) 4S External feedback
Open delta (6 wiress) 6D (if controled paramete£X):
0-5V EOV5
Load type Code 1-5Vv E1V5
Inductive IND 0-10V EOV10
Other loads RES 2-10V E2V10
0-20 mA EOmA20
Partial load failure 4-20 mA E4mA20
detection (PLF) Code
According to standard curve SD Second setpoint : 0-5V WOov5
15V W1V5
Controlled parameter Code o-10V Wov10
External (See Auxiliary input) EX 210V W2V10
Squared load current 12 0-20mA | WOmMA20
Squared load voltage V2 4-20mA | WamA20
Power W
Current limit mode Code Load unbalance detection Code
Reduction in the firing angle Detection circuit disabled 000
For the firing modes: Detection circuit enabled,
* Phase angle relay switch open in alarm state PLU
* Phase angle burst Detection circuit enabled,
* Burst firing with codes URP or UDR relay switch closed in alarm state IPU
Adjust. using potent. on front panel LINT
Adjust. using external signal 0-5V LOV5
OliEY/ LI(_)%/\:{?) Manual Language Code
2-10V L2Vv10 .
0-20mA  |LomA20 || English ENG
4-20mA  |L4mA20 | [ French FRA
Firing stop German GER
For the firing modes:
* Logic
* Burst firing with code NRP
Adjust. using potent. on front panel CINT .
Adjust. using external signal 0-5V covs |[_Options Code
1-5Vv C1v5 Fuse blown indication micro-switch FUMS
0-10V COv10 Without internal fuses NOFUSE
2-10V C2v1o -
0-20 mA COmA20 PLF alarm relay switch
4-20 mA C4mA20 closed in alarm state IPF

TC3001 User Manual
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Identification

Simplified or complete coding

Coding can be performed withcamplete codgall fields) or with asimplified codein which
only the following are specified:

the nominal current,
the line voltage,

the auxiliary power supply,

the calibration voltage
(tension d'utilisation),
the options.

With asimplified code,the TC3001 thyristor unit is suppliedonfigured
as shown below:

Input signal
Thyristor firing mode
Ramp, soft start / end

Load connection
Load type

Partial load failure
detection

Controlled parameter

Current limit mode

Retransmission
Load unbalance detection

4 -20mA
Phase angle
Without ramp or
soft start / end
Star without neutral (3 wires)
Inductive

According to standard curve
Alarm relay switch open in alarm state
Squared load voltage
Reduction in the thyristor firing angle,
current limit adjustment using potentiometer
on front panel
Controlled parameter
Detection circuit enabled, alarm relay switch
open in alarm state.

1-14
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Identification

Coding example

Thyristor unit and installation parameters

Nominal

load current 120 amperes

Nominal supply voltage 440 volts (line-to-line)

Auxiliary power supply 220t0 240 volts

Calibration voltage Installation 880 volts

Input signal 0 - 10 volts

Firing mode 8 period burst firing with soft
start

Connected loads Resistive

Connection type Star without neutral

Controlled parameter Power

Current limit Adjustment using potentiometer
on front panel

Auxiliary retransmission output Controlled parameter

Load unbalance detection Detection ciraritibled
relay switch open in alarm state

Manual Language English

Option Fuse blown indicatiomicro-switch

Coding:

Model : TC3001
150A/440V/220V240/380/0V10/FC8/URP/3S/RES/SD/W/LINT/RTR/PLU/ENG/-/FUMS/-/96/00

Attention !

A The TC3001 thyristor unit operating voltage must be as close as possible to the
supply voltage to prevent problems of non-operation in the event of a voltage
drop less thai0 % of the nominal voltage (after calibration).

Thecalibration voltage (the operating voltage) is considered asdheinal
voltage of the thyristor unit.
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SERIAL NUMBER LABELS

An identification label (specifying theoding of the thyristor unit) and eonfiguration
label provide all the information relating to the factory settings of the thyristor unit.

An identification label ixternally located on the right-hand side panel of the unit.

EUROTHERM Worthing, England +(44) 1903-268500

(]
Serial N° : UK1111-9-9-10-99 Made in France 8
TC3001 150A/440V/220V240/380/0V10/FC8/URP/3S/RES/SD/W/LINT/
RTR/PLU/-/-/IFRA/-/FUMS/-/96//00 C €
150 A @ 45°C 440V

47 - 63 Hz
Input: Firing mode :
0-10VDC Fast cycle 8 cycles
Auxiliary supply :
220-240V

Feedback : Power

Fuse: FERRAZ S300053 - BUSSMANN 170M3463

Any other fuse invalidates warranty

Figure 1-3 Example of identification label for a TC3001 thyristor unit
The information corresponds to the coding example

A configuration label are locatedside the thyristor unit.

150A @ 45°C 440V 47-63Hz °
Input : Firing mode : 8
0-10 vDC Fast cycle 8 cycles
Aucxiliary supply : 220-240 V —

PFeedback : Power C €

Fuse : FERRAZ S300053 : BUSSMANN 170M34653
Made in France  Any other fuse invalidates warranty

Figure 1-4 Example of configuration label for a TC3001 thyristor unit

Attention !
Following any reconfiguration on the part of the user, there is no guarantee

that the thyristor unit and this information correspond to the unit coding.
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Chapter 2

INSTALLATION
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Installation

Chapter 2 INSTALLATION

SAFETY DURING INSTALLATION

Danger !

TC3001 units must be installed by a person qualified and authorised to work in an
f industrial low voltage electrical environment.

Units must be installed in correctly fan-cooled electric cabinets, guaranteeing the
absence of condensation and pollution.

The cabinet must be closed and connected to the safety ground in accordance
with the standard IEC 364 or the current national standards.

For installations in fan-cooled cabinets, it is recommended to place a fan failure
detection device or a thermal safety control in the cabinet.

Bulkhead mountings are possible wiE3001series units.

The units must be mounted with the heatsink positioned vertically and with no
obstructions either above or below which could block the passage of the ventilation air.

If multiple units are installed in the same cabinet, they should be arranged in such a way
that the air expelled by one unit cannot be admitted into the unit located above it.

Attention !

f} The units are designed to be used at an ambient temperature less than or
equal ta50°C (40°C for 500 A nominal units).

Leave a minimum space bfcm between two units placed beside each other.

Excessive overheating may cause incorrect operation of the unit, which in turn
may cause damage in the components.

TC3001 series poweunnits havepermanentfan cooling :
« from 100 Anominal (for units up to 500 V)
« from 150 Anominal (for units 600 to 690 V).
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DIMENSIONS
The overall dimensions of TC3001 thyristor units are given in figure 2-1.

Protective cover

@ PARampiCY Delay
Ramoe AP/Retard TO
|
o
'
Lo
o

@ Response T
Temos rénonse

/
/

@ setpointlimit
B Limit. de consiane
@ Lodtal
Défaut de charae
12 limit
Limit. 12 A
/
|
T
|
/

]
o1
[

/
/
I
o
o
L)

EUROTHERM
L LJ
=]

T E B
< U
D >

Figure 2-1 TC3001 thyristor unit values
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The dimensions and weights of the TC3001 thyristor unit are given in tables 2-1 and 2-2.

Dimensions (mm)
Up to 500 V thyristor units

Values Nominal current Description
(fig.2-1) | 25to 150A' 250A | 3000 500 A
A 425 | 425 425 Height without protective cover
B 480 | 480 570 Height with protective cover
C 248 | 248 373 Width
D 268 | 268 268 Depth
(with door open: 537 mm)
R 50 50 20 Distance between 'Earth’ busbar and papel
U 150 | 125 150 Depth between 'LOAD' terminal and parel
\% 145 | 145 170 Depth between 'LINE' terminal and pand|

Table 2-1 Up to 500 V thyristor unit dimensions

Attention !

Forall the current ratings of the TC3001890 V Thyristor Units ,
the dimensions argameof the300to 500A TC3001500 V Units.

Nominal thyristor | 25 to 150 A 250 A 300 to 500 A up to 500V
unit current up to 500V up to 500V and

all the current for 600/690V
Weight (kg) 16 18 21

Table 2-2 TC3001 thyristor unit weights
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INSTALLATION DETAILS

TC 3001series units are designed to be mounted directly on panels at the fixing points
located on the rear of the unit.

TC 3001thyristor units are equipped with two protective covers (upper and lower).

The thyristor units can be fixed with their protective covers in place.
However, for configurgtion, the upper protective cover must be removed.

In order to do this, open the door by unfastening the front screw located at the top left of th
door. Then raise the door in order to release it from its notches and open it completely by

pulling it towards you.

Without M N
protective cover
n | L | n
1
O O o
S 1. | ¥
{) o HIH il
nd A 1 11
25
N
T
<>
328
e —

4 drilling

holes for M8

screws

—

Figure 2-2 Fixing details
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e

Dimensions (mm)
up to 500 V Thyristor Units
Values  Nominal current Description
fig.2-2
25A to 150A 250A  300A to 500
E 203 203 328 Width between the fixing holes
M and N 75 75 112 Distance between the 'LINE' termingls
O and P 75 75 112 Distance between the 'LOAD' termipals
S 60 60 30 'Earth" busbar and top fixing hole
T 65 65 220 ‘Earth’ busbar and left fixing hole
W 70 85 70 'LOAD' terminal and bottom fixing hp
z 40 50 30 ‘LINE' fuse and top fixing hole

Table 2-3 Fixing values for up to 500 V Thyristor Units

Attention !

Forall the current ratings of the TC3001890 V Thyristor Units ,
the fixing values arsameof the300to 500A TC3001500 V Units.

After drilling the support panel at the dimensions and values given above, insert the fixing
screws half-way into the partition or mounting plate holes.

Position theTC3001 unit by first of all inserting the upper screws in the respective holes
of the upper section.

Lower the thyristor unit making sure that it is positioned correctly at the level of the
lower screws.

Then lower the thyristor unit completely until it is in place.
Fasten thel screwscorrectly.
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Chapter 3

CABLING
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Chapter 3 CABLING

SAFETY DURING CABLING

A\

Danger !
Cabling must be performed by personnel who are qualified to work with low
voltage electrical equipment.
It is the user's responsibility to cable and protect the installation in accordance
with current professional standards.
A suitable device guaranteeing electrical separation of the equipment and the
supply must be installed upstream from the unit in order to perform the operation
in complete safety.

TC3001 series units possés® protective covers upper and lower.

The upper cover should be raised to facilitate cabling.

After connection and before power-up, put the upper protective cover back in place to
ensure the specifiedegree of protection

A\

Danger !
Before any connection or disconnection, make sure that the power and control
cables and wires are isolated from the voltage sources.
For safety reasons, the safety earth cable must be connected before any other
connection during cabling and the last cable to be disconnected.

Thesafety earthis connected to the screw located on the strip provided for this purpose
in the top part of the unit, behind the phase terminal and labelled as follows:

1

Attention !

To ensure the correct grounding of the TC3001 unit, make sure that the fixing is on
thereference ground surfacgpanel or bulkhead).

Failing this, it is necessary to add a ground connectiorosat 10 cmlong between

the earth connection and the reference ground surface.

Danger !

This connection which is intended to ensure gg@ohd conductivity,
can neverbe used toeplacethesafety earthconnection.
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POWER CABLING

Line side power cabling

The line side connections are made ont¢nminals of each fuseat the upper part
of the unit, labelledINE (see figure 1-2).

The line power cables pass through a rear opening of the ygoptctive cover

For wiring, this cover, which is screwed to the unit, must be removed. In order to do this:
< unscrew the front screw on the door top left-hand corner
« raise the door in order to release it from its notches and open it by pulling
« remove the upper cover by unfastening its two fixing nuts and sliding it one cm forward
to release the two catches located at the rear and lift it.

One line power connection One line power connection
Top view. Top view.
< 250A: 300 to 500A :

Safety earth Safety earth

Safety earth

RN

Heatsink '——
Safety earth
\ screw
I
Heatsink ! _ j\/\ /\/\
~ [o] |

| o o ADO not use this
7 screw for
: 2 & line power
| connection
\
; Fuse

Line power Line power

connection connection

Figure 3-1 Line side connections (top view of unit)
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Load side power cabling

The load side power cables are passing inside the unit thraadte sheathn the unit bottom
cover. The load cables are screwetkominals located in the bottom part of the unit and
labelledLOAD. The cable sheathsiust be tightenedafter cabling.

Safety earth cabling

Thesafety earthis connected to the screw located on the strip provided for this purpose in the
top part of the unit, behind the phase terminal and labelled as follows:

Power cabling details

The capacities of the power terminals, the cable screws and the tightening torques values
are given in table 3-1.

Nominal | Nominal current 25Ato150 A| 250 A 300 A to 500 A
voltage current
Supply and load cables 410 70 ,fim| 120 mn? | 185 to 2x150 mrh
Safety earth cable 14 to 35 rim 64 mn? 95 to 185 mrh
g Fuse terminals M8 M8 M10
B Tightening torque 12.5 N.m 125N.m 25N.m
i Load screw and
= Safety earth screw M10 M10 M12
Tightening torque 25 N.m 25 N.m 43.5N.m
Cable sheath passage diameter 20 mm 34 mm 38 mm
Supply and load cables 410 70 ,fim| 120 mn? | 185 to 2x150 mrh
> Safety earth cable 14 to 35 rim 64 mnt 95 to 185 mrh
8 Fuse terminals M10
g Tightening torque 25N.m
> Load screw and
§ Safety earth screw M12
Tightening torque 43.5N.m
Cable sheath passage diameter 38 mm

Table 3-1 TC3001 thyristor unit power cabling details

The cross-section of the connection wires to be used must comply with the St&@ia4s.
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POWER WIRING DIAGRAMS

The TC3001 power wiring diagram depends on the load configuration.
Threepower andsafety earthwiring diagrams are given below for the different types of
load configuration.

Important !
ﬁ For loads composed of 3 primary transformer coils, thecooifiguration
direction must be observed.

Star without neutral and Closed delta configuration

L1 O ®
L2 O L
13 O T
Line protection and main circuit breaker
(user installation)
1 Thyristor protection
— % fuses
Safety earth

= ¥

d [ LINE LINE ]

Power wiring on fuse terminals

vertical for the < 250A
horizontal for the = 300A

Power board

o| LoAaD | |LoAD

V)
L/
T
\
T

Y
Cable /

sheath

3 wires 3 phase load
(star without neutral or closed delta)

Figure 3-2 Power and safety earth wiring diagram for a 3 wires load
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Star with neutral configuration

If the load is wired in 'Star with Neutral' (4 wiref)e neutral must also be connectetb
theneutral terminal block (termindll) below the thyristor unit.

In the 'Phase angle' firing mode, the neutral current contains the sum of the 3rd harmonics of
each phase. For small firing angles (less tha&h @@e current passing in the neutral of the
loads can be up t@ times greaterthan the line current.

Attention !
ﬁ This current requires an adapted design of the neutral cable, especially for
loads with a high current requirement attstap.
L1 O <
L2 O L
3 O L
N O Q-
Line protection and main circuit breaker
(user installation)
. Thyristor protection
— fuses
Safety earth ‘/
| 52 =
i LINE LNE | []
Power wiring on fuse terminals:
vertical for the < 250A
horizontal for the = 300A Power board
0| LOAD Q LOAD
j
=2
50
11 ) A 32
¢ ” > zZ5
O
Cable / 71 ®
sheath
4 wires 3 phase load
(star with neutral )

Figure 3-3 Power, safety earth and neutral wiring diagram for a load connected
in 'Star with neutral' (4 wires)
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Open delta configuration

ﬁ Important !
The load wiring diagram given below must be observed.

Thyristor protection _—
fuses

L1 O L 4
L2 O
L3 O 1
Line protection and main circuit breaker
(user installation)
@
- .
Safety earth ===
Lo

LINE

LINE :|

Power wiring on fuse terminals:

vertical for the < 250A
horizontal for the = 300A

Power board

LOAD

O [Loap

L m)

TN
A\ =)
T

Cable
sheath

L

Load 3

Load 2

s

Load 1

11—

Figure 3-4 Power and safety earth wiring diagram for a load connected in

'‘Open delta’ (6 wires)
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USER TERMINAL BLOCKS

General introduction

The user terminal blocks, located below the TC3001 thyristor units, are intended for the

following connections:

« the auxiliary power supply,

« the reference neutral (for Star with neutral configuration),

« the alarm relay switches.

Communications

Control cable

PLF alarm switch

Auxiliary power
supply terminal
block

View of thyristor unit from below

Lower cove/

Cable
glands

Fontonah clamp
(] )
4 \‘ N 7L
o = N
3 salilinali (] [
D [T m o
Hl [T 1 [T
[T [0
] i/ NS

General alarm

switch terminal
block

Neutral
terminal
block

Figure 3-5 User terminal blocks
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Terminal Destination
numbers
Auxiliary power supply:
41 Neutral
42 115 V (single-phase supply)
43 230 V (single-phase or three-phase-line-to-line supp
Partial load failure detection
relay switch:
51,52 Switch open in alarm stastgndard)
Switch closed in alarm statd>E option)
General alarm and partial load
unbalance detection relay switch:
61, 62 Switch open in alarm statlL option)
Switch closed in alarm statd*(U option)
71 Reference neutral
(only in 'Star with neutral’
load configuration).

Table 3-2 Destination of user terminal block terminals

The max. cross-section of the low level wires and cablesimn?.

Tightening:0.7 N.m.

lies)
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Auxiliary power supply

The 'Auxiliary power supply' user terminal block supplies power to the electronics (for units
from 100 A) and the fans.

The terminal block is located to the left below the thyristor unit.

The electronics earth is connected (inside the thyristor unit) with the earth of the power section.

The auxiliary power supply neutral wire is connected to terrdihal

The auxiliary power supply must be connected 145V single-phase supply or t280V
single-phase or three-phase supply (line-to-line).

Terminal42is used if the auxiliary power supply voltagd i5V (auxiliary power supply codes
100Vto 120V).

Terminal43 of the user terminal block is used if the auxiliary power supply volta2@0g
(auxiliary power supply codex)0V to 240V).

Supply: Single-phase 230V or
L1 115 V supply L1 Three-phase 230 V (LL - L2)
o o
NC N O
‘ or L2 |
1 {I 1
mmooo, |, mooo
° ' fuse '
g[] [N ][4t ‘ N || 41 ‘
< u15v]| 42 : Fuse in 42 :
|230v)) 43 each I;aov 43
‘ wire for ‘
' three- !
E[I 5] phase E[I L0
{1 i ‘ supply [l | ‘
o= i - i
oy o
pcl)J\;(vleI?rs{Jpply Auxiliary —
- power supply
terminal block terminal block

Figure 3-6 Auxiliary power supply configuration

A Attention !

Each wire to a supply phase must be protected with a 1 A fuse.
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Reference neutral

The reference neutral is connected to termiidbcated on the neutral terminal block to the
right below the thyristor unit (see figure 3-5).

Attention !
This connection is only made for the star with neutral load configuration.

Load in Star with Neutral

L1 O=————— Thyristors

L
S a— Ll
L3 O I TC3001

N O

Control cable
clamp

View of thyristor Neutral terminal
unit from below block

Figure 3-7 Neutral configuration

In the event of a neutral connection failure (incorrect electrical connection, blow{élt of
fuse on the power board, etc.),atificial power failure is created in order t&top the thyristor
unit operation, since the feedback system receives an incorrect feedback signal.

This failure is signalled with the message on the front panel display :
'F''P' before May 1997 oF"'E' beginning May 1997.
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Alarm switches

The TC3001 thyristor units are equipped with 2 alarm relays:
« general alarm detection (see 'Alarms' chapter)

and partial load unbalance alarm,

« partial load failure detectiorP(F alarm).

To the alarm or signalling system

g
MM ooooooooooaol
e T = e
i B [ Hl
T [ [T T
i 1
___7:__ _____ — 4 |

Lower cover PLF alarm switch General alarm switch

Figure 3-8 General alarm and PLF switch connection (view from below)

The alarm relay switch outputs are provided on the user terminal blocks below the thyristor
unit and are available without opening the front door.

Important
The relay switches are protected against interference by internal RC snubbers.

The type of switches specifying the alarm state is determined by the thyristor unit coding.

Alarm type Terminals Switch type Coding

PLF alarm 51, 52 N/O open in alarm state Standard
N/C closed in alarm state IPF

General alarms 61, 62 N/O open in alarm state PLU
N/C closed in alarm state IPU

Table 3-3 Destination of alarm switch terminals
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CONTROL CABLES

Attention !

A The control connections must be made wiitelded cables connected to the earth
at both endsin order to ensure satisfactory immunity against interference.

Separatethe control cables from the power cables in the cable routes.

Fixing

The control wires must be grouped together in a shielded cable passing throcaji¢he
clamp under the unit.

To facilitate the safety earthing of the cable shield and to ensure maximum immunity to
electromagnetic interference, the metal cable clamps are fixed directly to the ground of the
TC3001 thyristor unit.

Control cable
clamp

Lower cover View of thyristor
unit from below

Figure 3-9 Control cable fixing
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Connection of the shield to the ground

« Strip the shielded cable as shown in figure 3-10,a.

The control wires must be long enough for the connection between the metal cable clamp and
the driver board user terminal blocks, with the door open.

The cabling inside the unit must be as short as possible.

Control wires Shield Isolating sheath

j

=)

15t02cm
> a)

20to 40 cm

Shield folded back

b)

Figure 3-10 Control cable stripping

« Fold back the shield on the isolating sheath (figure 3-10,b)

« Insert the cable in the metal cable clamp so that the shield is located in the stirrup and does not
enter the unit (it must not pass the lower cover).

« Tighten the stirrup 4 x 1flat screwdriver; tighteningd.7 N.m.)

Lower cover

T B T 1
e — | ightening screw

Cable Shield folded back

Left-hand side view

Figure 3-11 Cable tightening and shield grounding
The possible cabldiameterswith the shield folded back aketo 10 mmper cable clamp.
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CONTROL TERMINAL BLOCKS

The control wires are configured on tthéver board for:

* the control setpoint connection
* the retransmissions of the following indications

- voltage,
- currents,
- controlled parameter,
- alarms.
A Attention !
For electromagnetic compatibility reasons, the configuration must be

made with cables and wires which are shielded and earthed (or
grounded) at both ends.

Control terminal tightening0.7 N.m.

The driver board terminal blocks can be accessedtiétfront door open.
To open the door, unfasten the frantew, release the door from its notches by raising it and pull

it towards you.

Danger !
A With the door open, dangerous live parts may be accessible if the
TC3001 thyristor unit is switched on.
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General introduction

Two user terminal blocks are located in the top right corner of the driver board.

The Retransmission terminal block labelleti13 on the board contairissterminals labelled

01 toQ5
The'Control' terminal block H12) contains? terminals labelled1 to 17
wi =
Q % =)
o zZ = o .
<< < = > Eao w
25| || B[z
S % 9 28|~ 3|28 29 ¥ 3
01 |02 | 03] 04] 05 1112 | 13 |14 |15 J16 (17
Hm,ooofo\ e
' H13 H12 H11
Retransmission Driver Control terminal
terminal block board block
Figure 3-12 Driver board terminal blocks
Terminal Designation on label Destination
11 ACKNOWL. / ACQUIT. Alarm acknowledge
12 AUX. IN/OUT External feedback or
ENT. AUX. retransmission of controlled parameter
13 P LIMIT /LIMIT. | 2 External current limit
14 INPUT / ENTREE Control input
15 ENABLE / VALID. Enables thyristor unit
operation
16 +10V +10V
17 0V ANA 0 V of analogue signals

Table 3-4 Control terminal block description

For the correct operation of the thyristor unit, termit&{'ENABLE ' ) must be connected to
'+10 V' available on the same terminal block (termib@)

This connection can be permanent or made via a switch opening under the effect of a safety
device used to inhibit the thyristor unit (during the next half-period).
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External control

The external control signal (external analogue setpoint) is connected to the control terminal
block on the driver board, between termibdl'INPUT ') and terminall7 ('O V ANA' - O volt
of analogue input signals).

s
External control signal  Q =
NIC switch A7\ |

thyristor unit enabled | |
(switch open: inhibition) -1

Q00200

11 |12 (13 |14 15| 16| 17

O OVANA

Driver )
board Control terminal block H12

Figure 3-13 External control configuration

Manual control
The thyristor unit can be driven using the manual control.

For operation with the manual controk & kQ to 10 kQ external potentiometer connected
between terminal§7 ('O V ANA") and16 ('+10 V') must be used.

The potentiometer wiper is connected to the control terminal block analogue input
(terminal14).

4.7 kQ to 10 kQ 0%
external potentiometer ° 100%

N/C switch \ \
thyristor unit enabled +

(switch open: inhibition) _ 0V ANA

Q00002

11 |12 (13 | 14| 15| 16| 17

Driver
board Control terminal block H12

Figure 3-14 Manual control configuration using an external potentiometer

TC3001 User Manual 317



Cabling

Auxiliary input / output

The auxiliary input / output (termindP - ‘AUX. IN/OUT ' on the Control terminal block) is
used to send, depending on the configuration:

« the controlled parameter (output)

« the external feedback (input)

« the second analogue setpoint (input).

If retransmission of the controlled parameter has been configured, the internal feedback signal is
available between terminald ('0 V ANA'") and12 in the form of a DC signal with a scale
0-10V. This retransmission represents:

« the mean of the squares of the three RMS currents,

« or the RMS voltage of the squared load,

* or the apparent powet {,e rms X Vims load)-

If a feedback on an external measurement is selected, the external feedback signal must be
connected between termindlg and12.

If a low selector type feedback is selected,2hé control signal (second setpoint) must be
connected between termindl2 and17.

The TC3001 thyristor unit then contrale lower of the 2 control signals.

Terminalsl5 and16 of the control terminal block are connected to enable the thyristor unit.

« External feedback

* Retransmission of
controlled parameter +

» Second setpoint (o) OV ANA

N/C switch 4 |
thyristor unit enabled :
(switch open: inhibition)

| R RRRIRIRY,

‘ 11 (12 |13 | 14| 15| 16| 17

Driver
board Control terminal block H12

Figure 3-15 Auxiliary signal (input or output) configuration
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12 limit

When theexternal signal current limit is configured (see 'Configuration' chapter), this signal
must be connected between termitia('0 V ANA") and terminall3 (12LIMIT ') on the control
terminal block. In this case, the current lipétentiometer on the front panel of the thyristor
unit isin cascadewith the external current limit signal.

External current
limit signal @ * O ovANA

=
NIC switch \ !
thyristor unit enabled i |

(switch open: inhibition) L.

Q222D D

11 (12 |13 | 14| 15| 16| 17

Driver
board Control terminal block H12

Figure 3-16 External current limit configuration
Alarm acknowledge

After the cause of certain alarms has disappeared (see 'Alarms' chapter), it is necessary to
acknowledge the memorised alarm to return to normal thyristor unit operation.

+10V

| N/C switch
I | thyristor unit enabled

N/O switch I
alarm acknowledge | ) AT
A (switch open: inhibition)
-

QOO0 22

11 |12 |13 | 14| 15| 16| 17

Driver -
board Control terminal block ~ H12

Figure 3-17 Alarm acknowledge

The alarm is acknowledged by connecting termiig]ACKNOWL. ') on the control terminal
block to'+ 10 V' (terminall16) or to the external +10 volts with common 0 V.
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RETRANSMISSION SIGNALS

TheTC3001thyristor unit uses current measurement and load voltage analogue
retransmissions and retransmissions of the parameter controlled by the fedback system.

The current and voltage retransmissions represesgtered measurement®f theRMS
currents and thequared measurementf theRMS load voltage.

The retransmissions of the measurements’ol 2, 1.2 andV? in the form of filtered DC
signals Q - 10 V) are output on terminall to 050f the retransmission terminal block of the
driver board (see figure 3-12).

Term.| Designation on label

Destination

01
02
03
04
05

V} LOAD/CHARGE
12
2
I 2

1
0 V RETRANS.

Squared RMS load voltage retransmission
Phase 3 squared RMS current retransmission
Phase 2 squared RMS current retransmission
Phase 1 squared RMS current retransmission
Retransmission signal common 0 V

Table 3-5 Retransmission terminal block description (driver board)

Since the filtering time constant of these signais7i8 ms these signals follow the
thyristor power modulation as soon as the firing time selected in 'Burst firing' mode is
greater thar20 ms

Retransmission :
+ Q< v2 >0 ov
+ Q< I32 >
+ O< |22 >

+ Q< >
I12

Retransmission @ * O OVANA

of controlled | -
parameter |
\

XXX %X%)

01(02| 03 [ 04| 05

Retransmission terminal block H13

EE Q022002

11|12 (13| 14| 15| 16| 17

Driver Control terminal block H12

Figure 3-18 Retransmission signal configuration

If the retransmissionf the controlled parameteris selected with the jumpers (see '‘Configu-
ration’), theAUX. IN/OUT ' output (terminal 2 of the control terminal block) is available to
display theFeedbackvalues in the form of BC signal

3-20
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Chapter 4

CONFIGURATION
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Chapter 4 CONFIGURATION

SAFETY DURING CONFIGURATION

The thyristor unit is configured in the factory using movegigpers and solderetinks.
The thyristor unit iseconfigured on site usingumpers.

Important !
ﬁ The thyristor unit is supplied fully configured in
accordance with the code on the identification label.

This chapter is included in order to

« checkthat the configuration is compatible with the application
« modify, if necessary, certain characteristics of the thyristor unit on-site.

The microprocessor takes the configuration into account when the thyristor unit electronic
power supply is switched on.

Danger !

For safety reasons, the reconfiguration of the thyristor unit using jumpers
A must be performed with the usivitched offand by qualified personnel
authorised to work in an industrial low voltage electrical environment.

Before starting the reconfiguration procedure, check that the thyristor unit
is isolated and that an occasional power-up is impossible.

After the reconfiguration of the unit, correct the codes on the identification
label to prevent any maintenance problems later.
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POWER BOARD

The power board jumpers are used to configure:

« the three-phase voltage selection for synchronisation and measurement
« the adaptation to the load configuration type.

Load voltage Neutral Line voltage Neutral ~ Neutral
jumpers resistor *) iumpers jumper  fuse
LK10 LK11 R5 LK3 LK4 LK8 F1
S
o y
G [ ] (] [ ]
glol ] me M2 M3 \
SH g & v A
— 0 1
LK2 Y [0 o o] ke
LK9
ooou<1’A‘ O-l 1 ke
0, 1 [T} E:*
N ]
—. &
Sl e 18
0

LK8

il [ [
QDEiKK>DQ<QQQ

LK1 LK2 LK7 LK9 LK6 LK5
Internal ground Line voltage Load configuration type Line voltage
jumpers jumpers lumpers

Figure 4-1 Location of jumpers on the power board up to 500 V

*) The neutral R5 resistor intend for the TC3001 Thyristor units manufactured before
May 1997 only.
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For the TC3001 Thyristor units witB90 V line-to-line (line voltage more then 500 V and
less than or equal to 690 V), theecial power boardis used.

Load voltage Neutral Neutral Line voltage Line voltage
jumpers jumper fuse jumpers jumpers
LK10 LK11 LK8 F1 LK3 Lk4  LK5 LK6

~
M1 Y ks ¥ y M2 M3 ﬁ
D N 01u<11 DID D D 0 mm 1
Olces] 1 y 0 1
LK10 s 4 0 e
1
0[] w 0
LK1 —
el Q S
, LK7 W\
: S
[N
VOIE 1 VOIE 2 VOIE 3
0O 0 0 0O

Ol —[]°0 [J© ©0C0©

LK1 LK2 LK7 LK9
Internal ground Llne voltage Load cqnflguratlon type
jumpers jumpers

Figure 4-2 Location of jumpers on the 690 V power board

The neutral R5 resistor not fitted for all the configurations
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Voltage selection

For the synchronisation of operation of the electronics and for measurement, the line voltage

and the load voltage must be configured according to the supply used.

The three-phase line voltage and load voltage of the d8f@8001 thyristor unit are

configured according to the operating voltage code.

Operation of arC3001thyristor unit on a supply voltagdifferent to that specified on the
order, may require the repositioning of jumpkekdl to LK6 (three-phase line voltage) and

LK10 andLK11 (load voltage) on the power board.

Line voltage less Position of jumpers
than or
equal to LK1, LK3, LK5 LK2, LK4, LK6
and LK10 and LK11

100, 110, 115V, 120 V 1 1
200, 220, 230, 240 V 1 0
380, 400, 414, 440 V 0 1
480, 500 V 0 0
690 V 0 0

Table 4-1 Line voltage and load voltage configuration

Attention !

Do not use a thyristor unit on a supply voltage higher than the
A supply voltage specified for the thyristor unit.

TC3001 User Manual
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Adaptation to the load configuration type

A thyristor unit is configured according to the load configuration type using jurhpé&rso
LK9 on the power board and using jumpkEsandK6 on the driver board (see page 4-15).

f Attention !

It is necessary to check that the position of jumpers LK7 to LK9 (table 4-2)
corresponds to the position of jumpers K5 and K6 (table 4-12).

Load configuration Code Position of jumpers on power board
LK7 LK8 LK9

Star without neutral (3 wires) 3s Jumper  Open Opé¢n

Star with neutral (4 wires) 4S Open Jumper Open

D

Connection of the neutral wi
to the user terminal block
below the thyristor unit

Closed delta (3 wires) 3D Jumpe Open Opgn

Open delta (6 wires) 6D Open Open Jumpger

Table 4-2 Load connection type configuration

4-6 TC3001 User Manual



Configuration

Neutral resistor

For the TC3001 units manufactured before May 1997

The neutral resistas fitted on the power boardR6 see figure 4-1) for the star with neutral
configuration only 4Scode) .

The R5 value depends of unit voltage.

Forother configurations (3S, 3D, 6D codes) the Rhat fitted.

The factory configurated unit for 3 or 6 wires, can be reconfigurated to star with neutral
according to table 4-2, but thiequires to fit R5 resistor on power board.

For this reconfuguration (or for in case of operating voltage change) R5 has to be ordered
according to following part numbers:

CZ 17498810K for 120 V max (1aX
CZ 17498827K for 240 V max (2R
CZ 17498833K for 440 V max (338
CZ 17498856K for 500 V max (56X%.

For the 690 V Thyristor units the neutral R5 resistunt fitted for all the configurations.

For the TC3001 units manufactured beginning May 1997

The neutral resistor R5 it fitted for all the configurations and for all the voltages.
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DRIVER BOARD

The driver board jumpers are used to configure:

the auxiliary power supply,
the control signals,

the current limit type,

the thyristor firing mode,
the load configuration type,
the operation type,

the alarm relay switch type.

The functions of the driver board jumpers are summarised in the table below.

Function Jumpers Configuration
see page
Soldered links
Auxiliary power supply LK1 and LK2 4-10
Main setpoint signals J11to J15 4-11
Auxiliary input or output J36 and SW1 4-12
Auxiliary input/output type J31 to J35 4-12
Current limit adjustment type S1, S2 4-13
External current limit signal J21 to J25 4-13
Thyristor firing mode K1 and K2 4-14
Setpoint change ramp action or soft start/end K3 and K4 4-14
Load configuration type K5 and K6 4-15
Load type K7 4-15
Load unbalance detection K12 4-13
Feedback parameter K8 and K9 4-11
Second setpoint action K10 4-12
Initial ramp K13 4-16
Relay switch type VX1 and VX2 4-15
Calibration / Operation M1 to M4 4-16
Under-voltage alarm level K11 4-13

Table 4-3 Driver board jumper functions
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Selection of N/O or N/C switch of 2 relays : VX1 = PLF VX2 = General alarm

— D D REEE - o 4 H12 H11
=0 Al iz
o X =
S
o o
LK1
4 LK2
Auxiliary power supply
O Link LK1 : 230V ~ 7
[ee]
2]
Link LK2 : 115V DDD >
2[]
C 10O 7
- o Q Links LK8 and LK9
S1 [o o o ~< must always be
S2 o o o mounted
S1and S2 K14 to K16
M4 S22 |
M3 % 8 % Current limit Spare uu U u u
M2 2o o mode jumpers
ML Le o ©
4 2§
7 K16
L © © o] ki5
M1 to M4 oo o] Ku
Calibration of O 0 0 Eg J36 and SW1
: 21 i1 Auxiliary input or
112, 122,132 ke [00 0] k1o output
K8 |2©° o
K7 O O O
O O o
0000 R
K5 0 O O
K4 O 0 o
O O O
Ei 0 0 O *
N =
OOOO 1 0 Qo8R8 82
J31toJ35 ofofofojo]— \
DD D D Auxiliary input 7 |slolololo
K1 to K13 configuration
Operating °|9[0[0[°] o o
modes oofoo o]
(o] [e][e] o] (0]
0|o|o|ofo|o O98 83w
m D o, -
\—‘ § § SE& olofo[o[o]—
o|ol|o|o|o
'—| OO 1 ololo|o|o|o

J21to J25 J11to J15
External current limit Main setpoint

Figure 4-3 Location of configuration and calibration jumpers on the driver board
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Auxiliary power supply

Two soldered linksK1 andLK2 on the driver board are used to configure the auxiliary
voltage (the electronic and fan power supply)GV to 120 Vor as200 V to 240 V

Note: The power board also contains jumpers which are lableed

Auxiliary voltage Link soldered on the
driver board in the factory

100/110/115/120 V LK2

200/220/230/240 V LK1

Table 4-5 Auxiliary power supply configuration

Attention !
The fans for fan-cooled units agingle-voltages.

They cannot be powered with a voltage other than that

f indicated on the fan.

Consequently, the auxiliary power supply voltagefiguration
mustcorrespondto the nominal voltage of the fan.
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Main setpoint configuration

The five jumpersl11to J15 are used to configure the analogue control main setpoint signal
type (voltage or current) and the signal scale from the six available scales.

Main setpoint signal Position of jumpers
type and scale
J11 J12 J13 J14 J15
Voltage 0-5V 1 1 0 0 0
1-5V 0 1 0 0 0
0-10V 1 0 1 0 0
2-10V 0 0 1 0 0
Current 0-20 mA 1 0 0 1 1
4-20 mA 0 0 0 1 1

Table 4-5 Main setpoint signal configuration

Feedback value configuration

Thefeedback valug(feedback, controlled parameter) is selected using the position of jumper
K8 andKa9.

Feedback value Position of jumpers
K8 K9

Power (V x I) 1 1

Mean of the squared currents

of the three phases 3 | 0 1

Squared load voltage ¢/ 1 0

External measurement *) 0 0

Table 4-6 Feedback value configuration

*) When the feedback is performed on the external measurement, the position of jKitipers
J36 andSW1isO0.
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Auxiliary input/output configuration

The position of jumperd36 andSW1defines the destination of the auxiliary input/output

(terminal12 on the control terminal block):
« the input (used for the second setpoint and for the external measurement signal)

« or the output (used for the retransmission of the controlled parameter).
The scale of the retransmission output@s: 10 V.
The position of the jumpéd€10 determines:

 the external measurement input or
« the second setpoint inpub\ selector feedback).

Auxiliary Position of jumpers
input/output type K10 J36 SW1
Second setpoint 1 0 0
Feedback value
retransmission 0 1 1
External measurement ) 0 0 0

Table 4-7 Auxiliary input / output type configuration
*) See feedback value configuration, table 4-6

When operation on the external measurement or with the second setpoint is selected, the type
(voltage or current) and one of the six signal scales are configured using juBiperg35.

Destination Signal type and Position of jumpers

of auxiliary scale J31 J32 J33 J34 J3p

input/output

Externa Voltage 0-5V 1 1 0 0 0

measurement or 1-5YV 0 1 0 0 0

Second 0-10V 1 0 1 0 0

setpoint 2-10V 0 0 1 0 0
Current | 0-20 mA 1 0 0 1 1

4-20mA | O 0 0 1 1
Feedback
value Voltage 0-10V 1 0 0 0 0

retransmission

Table 4-8  Auxiliary input/output scale configuration
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Current limit setpoint

The Current limit ' corresponds to the value of the currméshold allowed by the load. This
value is set by the user.

The current limit setpoint can come from :
« thepotentiometer on the thyristor unit front panel
« or anexternal analoguesignal in cascade with the front panel potentiometer.

The action of the TC3001 thyristor unit (thyristor firing angle variation or firing stop) if the
current threshold set by the current limit setpoint is exceeded depends on the thyristor firing
mode (see Coding and 'Current limit operation', page 5-28).

The jumpersSlandS2selects between the current limit using an external signal in cascade
with the front panel potentiometer or only with the potentiometer (see table 4-9).

When the current limit threshold adjustment mode using the external signal is selected, the fi
jumpersJ21to J25 determine the type and scale of the external analogue signal.

Current threshold |External current limit Position of jumpers
adjustment mode signal type and
scale J21 J2p J23 J24 J25 S1 B2

=
o
o
o
=
o

Using potentio- Voltage 0-5V 1
meter and externa 1-5V 0O 1, O o O
signal 0-10V 1
2-10V 0

© o
L
© o
© o

o
=
[ERN

Current 0-20mA 1 0
4-20 mA 0 0 0 1 1

Using potentiometer on front panel only 0|0

Table 4-9 Current limit setpoint configuration

PLU detection and under-voltage alarm level

The ON state of the partial load unbalankl) detection circuit is determined by the jumper
K12 (the detection is enabled whia2 = 1).

The jumperdK1l must always be set t0 (inhibition below70% of calibrated voltage).
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Thyristor firing mode configuration

The thyristorfiring mode and the presence of the setpoint change ramp or soft start/end are
determined by the position of jumpé¢& to K4.

Thyristor firing mode Position of jumpers
K1 K2
Logic (ON/OFF) 0 0
Phase angle 0 1
Burst firing 1 0
Phase angle burst 1 1
Attention :
in Phase angle burst
K18amust be set tal

Table 4-10 Thyristor firing mode configuration

Soft start/end ramp Position of jumpers
K3 K4

Without ramp and without soft start/end, or
Delayed firing adjustment, or
Phase angle burst 0 0

Positive rampe in Phase angle, or
Soft start in :
Burst firing and ON/OFF 1 0

Positiive and negative ramps in Phase angle, pr
Soft start/ end in :
Burst firing and ON/OFF 1 1

Table 4-11 Presence of the ramp in soft start/end

Thenumber of periodsof the Burst firing and Phase angle burst cycle, the duration of
the ramp on the setpoint changes or the soft startitmedcan be adjusted using the
potentiometers on the front panel (see 'Operation’ chapter).

4-14 TC3001 User Manual



Configuration

Configuration type and load type

The three-phase load configuration is determined by the position of the juftparslK6
on the driver board andK7, LK8 andLK9 on the power board.

Attention !
It is necessary to check that the position of the jumipéFsto LK9 (table 4-2)
corresponds to the position of the jump€BsandK6 (table 4-12).

Three-phase load configuration type or Position of jumpers
load type K5 K6 K7

Star without neutral (3 wires)
Star with neutral (4 wires)
Closed delta (3 wires)

Open delta (6 wires)
Resistive load

Inductive load or transformer 1

R OoORro
P2 OO0

Table 4-12 Load configuration type and load type configuration

Alarm relay switch type

Thegeneraland partial load failuréPLF) relays araleactivatedat the time of the alarm
or when the electronic power supply is switched off.

The jumperd/X1 andVX2 are used to select the type of switopgnor closedin alarm).
The relay switches available on the user terminal block below the unit (see figure 3-5).

Important !
/ ' \  The relay switches are protected by RC snubbers against interference.

Position of jumpers
Relay switch type VX1 VX2
PLF General alarm
alarm relay relay
Open in alarm 1 1
Closed in alarme 0 0

Table 4-13 Relay switch type configuration
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Initial ramp

The TC3001 thyristor unit can be configured with a thyristor firing angle variation ramp
during each power-up or after a power cut for more than 20mitgl(ramp ).

Initial ramp Position of jumper K13
No initial ramp 0
Initial ramp activated 1 (factory position)

Table 4-14 Initial ramp configuration

If the jumper K13 = 1, a32 supply cycles initial ramp is applied during fivet burst
(thyristor conduction in logic, burst or phase angle). During 32 supply cycles the thyristor
firing angle in each phase gradually changes from the thyristor Off state to full firing.
The subsequent bursts start at zero voltage for purely resistive loads.

The initial ramp (osafetyramp) ensures easy power-up.
Attention ! In Phase angle burst tK&3 must bel only.

Calibration / Operation

The jumpersvil to M4 are used to configure the thyristor unit either indakbration
position, or in the normabperation position excluding the calibration procedure.

The thyristor unit can be calibrated easily using the potentionfeétsP9 on the
potentiometer board (see ‘Commissioning' chapter).

The analogue calibration signals (or RMS current and load voltage images) can be read using
the EUROTHERM type260diagnostic unit (see page 6-6).
A diagnostic connector is provided for this purpose on the front panel of the thyristor unit.

Calibrated parameter Corresponding Position of jumpers
or image of an operating jumper Thyristor unit | Thyristor unit
parameter calibration operation

Squared load

voltage \ M1 0 1

Squared RMS

current of ]2 M2 0 1

a phase g M3 0 1
I M4 0 1

Table 4-15 Thyristor unit operating mode configuration (calibration or normal operation)
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OPERATION
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Chapter 5 OPERATION
BLOCK DIAGRAM

The interaction between the main parts of the thyristor unit is shown in figure 5-1.

L1 L2 L3 Neutral
T T T (Star 4 wire
Filters configuration)

- Thyristors Load
Safety N o I Auiiary
earth power supply

4 v

- Filter
Line voltage Pulse Load voltage and board
measure- amplifier phase current i
ments measurements
User terminal
Power board block
A
| Retransmission / Control |
1 R 1
- l User terminal block |
Driver vy
board A4
Inhibition o Electronic
circuit Inhibitiory and fan power
A sunplv
\4
Pulse Synchroni- Input signal Calibration
generator sation and € converter
retransmission amplifier
amplifier

Potentiometer

H board

* Ramp/delay

f ; * Response time
02'??(')?&/ < Microprocessor »| Multiplexer + Setpoint limit

panel * Load failure
*12 |imit

Configuration User terminal block I_ *12 limit
* Calibration

4

Alarm relay switches ¢

Figure 5-1 TC3001 thyristor unit block diagram
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Thyristors

The 3 pairs of thyristors modulate the supply voltage which is applied to the three-phase loac

Danger !
A Thyristors up t®250 Anominal current are mounted in a modigigatedfrom the
heatsink. Th&00 Ato 500 Aunit heatsinks areot isolatedfrom the thyristors.

Power board

The thyristor firing pulses, generated by the driver board, are amplified and transmitted to the
thyristors via pulséransformers which provide isolation.

Three current transformers are usedasure the phase currentand a voltage transformer is
used tameasure the load voltage

Three voltage transformers are usedsfprchronisationon the supply voltage.

Potentiometer board

Five operation potentiometers located on thetentiometer board (which is mounted
perpendicular to the driver board) can be accessed on the front panel. They are used to adju:
main thyristor unit operating parameters without having to open the front door.

Four calibration potentiometers can be accessed when the front door is open.

The functions of the operation potentiometers are indicated on the front panel of the thyristor
unit and are explained in the relevant paragraph (page 5-15).

If the thyristor unit is replaced, the potentiometer board can be transferred to the new thyristo
unit and thus retain all the adjustments specific to the application concerned.

Display
The 7 segment display is used for steady and flashing messages indicating the current opera
mode of the thyristor unit, the alarm state and the error or fault type.

Diagnostic connector
The values from the feedback and the operation of the thyristor unit are available on the

diagnostic connector located on the front panel. It is used to measure the voltages of 20 poin
on the electronic circuit with a EUROTHERM type 260 diagnostic unit.
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Driver board

The analogue control signals and parameter retransmissions are applied to the driugsdyoard
terminal blocks.

Thepulse generatoremits the firing pulses for the thyristor gate at the request of
the microprocessor.

An inhibition line blocks the oscillations if the thyristor unit is disabled (by disconnecting the
‘Enable’ input from the '+10V' terminal on the user terminal block or via the external input).

Thesynchronisation circuit supplies the microprocessor with three signals corresponding to
the sign of the line voltages measured and a signal corresponding to the zero voltage crossing.

A square raising circuit supplies four signals corresponding to the squares of the measured
signals: 1.2 12 12andV2

An 'OR' circuit selects the highest value from the squares of the three currents which is
compared to an adjustable threshold of the current limit setpoint.

Themultiplexer selects the signal applied to the analogue/digital converter inside the
microprocessor from the measurements, front panel potentiometer voltages and the control
signals, according to the program procedure.

The driver boardnicroprocessorcontrols the entire operation of the thyristor unit and the
message display.

The amplification of the input signals converts the low level signals and amplifies
the retransmissions.

Two relays are used for the external detection of the active alarm state.

Each external link, each control or retransmission signal and the auxiliary
power supply are protected against interference by a filter.

A diagnostic connectorlocated on the front panel of the thyristor unit is used, with the
EUROTHERM type 260 diagnostic connector, to control or measure the main thyristor unit
operating parameters.

Thewatchdogmonitors the correct functioning of the software; in the event of a fault, it sends
a Reset signal to the microprocessor.
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THYRISTOR FIRING

'Phase angle' mode

MODES

In 'Phase anglemode, the power transmitted to the load is controlled by firing the thyristors on
a part of the supply voltage alternation.

For the three-phase load configuration in stéih neutral, the load voltage is composed of
portions of supplyphase-neutral voltage alternations.

For the three-phase load configuratiompendelta, the load voltage is composed of portions of
line-to-line voltage alternations.

Supply
voltage

Resistive
load
voltage

<~ —>

/ @t

/

Supply
voltage

~

e

Resistive
load
voltage

(*T[*)

Figure 5-2 Load voltage in 'Phase angle' (star with neutral or open delta)

The firing angle (8) varies in the same way as the control system signal.

The output power is not a linear function of the firing angle.
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The three-phase load voltage, configured inwtdrout neutral or in closeddelta (3 wire
configuration), is composed of portionstef- or three-phasewaves according to the
thyristor firing angle value.

In two-phaseoperation, the thyristor output voltage (between 'LOAD' terminals) is the voltage
between twdiring phases.

In the star without neutral configuration, this voltage is applied to the 2 arms of the load in
series. In the closed delta configuration, this voltage is applied to one load arm, connected
between 2 firing phases and on the other 2 load arms in series.

In three-phaseoperation, the voltage of each load arm isphasevoltage for the star
without neutral configuration or tHime-to-line voltage for the closed delta configuration.

The figure below shows two examplediwfee-phase resistiveroltages configured in star
without neutral.

Half-voltages
between firing phases

) , | V M a)
Half-voltage
Phase voltage between firing phases
b)

Figure 5-3 Resistive load voltage (star without neutral) in ‘Phase angle’

For a small firing anglebc60°), the load voltage is composed of portions of half-voltages
between phases (figure 5-3,a).

For a large firing angledg60°), the load voltage is composed of portions of voltage of one
phase and portions of half-voltages between phases (figure 5-3,b).
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In Phase anglenode, thecurrent limit is easy to use.
The current limit acts through the thyristor firing angle variation in order to maintain the
squared value of the RMS current less than the threshold set by the 'Current limit' setpoint.

ThePhase anglds used to start with small thyristor firing angles (to prevent over-currents
when switching on cold low resistance loans or transformer primary coils).

The gradual increasein the firing angle depends on the operation selected by theraisgr (
on the setpoint change) or is under the control of the current limit.

The ramp on the setpoint change capdbstive (gradual increase in the firing angle during
the power increase request)pmsitive and negative(gradual increase and decrease in the
thyristor firing angle).

The table below gives the possible types of operatidhiase anglefiring mode (coddRA).

Mode Code Corresponding Action and Current
operation Limit code
Firing Firing
stop angle
variation
Standard | NRP Thyristor firing angle dependent LINT
on the control signal — or
L***
Ramp URP Positive ramp with adjustable slope
on the setpoint change.
_ LINT
UDR Positive and negative ramps or
with adjustable slopes [tk
on the setpoint change.

Table 5-1 Possible types of operation in 'Phase angle' mode
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‘Logic' mode

The Logic' thyristor firing mode ON/OFF") controls a power in the load proportionally to the firing
time set by théogic control signal.

This firing mode is activated from an input signal greater tb@a¥t of the full scale and as long as
the input signal is not less thaB% of the full scale.

100 % o -
Load
voltage

50 %

Input
o signal

0 25 50 75 100 %

A
|

Figure 5-4 'Voltage - Logic signal' diagram

Important !

To reduce an emission of electrical interference and electromagnetic radiation, the thyristors
are switched at zero voltage for the resistive loads on the 3. phases

This produces a slighinbalanceof the power in the three arms of the load. In order to

eliminate the DC component generated on each pfidsg,rotation is performed (patented by
Eurotherm Automation).

This mode cannot be used in transformer primary coils.

Logic control signal

AW *
/\N
N '

Switching at zero voltage Load voltage Stop at end of period

Y ~

Figure 5-5 'Logic' firing mode
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Two configurations are possible :

« soft start only in Phase angletop at the end of the mains cycle just after the control
signal is less thaB5% of nominal value)
« soft startand soft end in Phase angle.

For inductive loads, firing at zero voltage generates transient operation which may, in certain
cases, induce a saturation of the magnetic circuit (see fig.5-6,a) and a high speed fuse blow-c
(thyristor protection).

To prevent this saturation, the firing on each phase cdelbgedwith reference to the
corresponding zero voltage (see figure 5-6,b).

The optimundelay angle(¢) must be adjusted with the front panel potentiom&#@&rRamp/
CY Delay, as a function of the load (maxi. delay’0

Over-current

wt
0 a)
AV
v
/ |
wt
/ >
gk
b)
Delay angle

Figure 5-6 Inductive load switching at zero voltage (a) and with a delay angle (b)
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The table below gives the possible types of operatidrogic' mode (codé.GC).

Mode

Code

Corresponding
operation
without current
limit

Action and Current
Limit code

Firing Firing
stop angle
variation

Standard

NRP

ON time corresponds to the time
that the control signal is present.

CodeRES: Firing start and stop
of thyristors at zero voltage on
each phase (each new firing
starts at the different zero voltag

CodelIND: On each phase, the
first firing is delayed by an
adjustable angle.

Soft

Adjustable
time

URP

Soft start with thyristor firing
angle variation from zero to
full firing.

Stop at end of supply cycle.

(Default codeREYS)

UDR

Soft start and end with thyristor
firing angle variation from zero to
full firing and from full firing

to zero.

(Default codeREYS)

CINT
or —
C***

Table 5-2 Possible types of operation in 'Logic' (ON/OFF) mode
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'‘Burst firing' mode

The Burst firing ' mode is groportional cycle which consists of supplying a series of
completesupply voltageeriods to the load (see figure 5-7).

Thyristor firing and non-firing are synchronised with the supply and are perf@anhzedo
voltagefor a resistive load. Each new firing starts at the zero voltage of a different phase in
order to rebalance the power consumption of the 3 phases and to eliminate the DC compone
(firing signal rotation is covered by a Eurotherm patent).

A Load voltage

~
t
>
0
< TE >< TNF >

«< T™

Figure 5-7 'Burst firing’ mode (T - firing time; T,, - modulation period)

In Burst firing mode, feedback is performed withamstantfiring time T, (or non-firing time
T, and avariable modulation timeT .
The firing timeT _ is selected by the user on the thyristor unit order.

The 'Burst firing' mode witla singlefiring or non-firing period is called th&Single
cyclé' mode.

Important !
For less than 50%power,thefiring time isset.
For more than 50% power, thenon-firing time isset.
For 50% power, the firing time mqualto the non-firing time.

The Burst firing modulation period timé& () is determined by the feedback as a function of the
set firing (or non-firing) time, the setpoint, the feedback and the feedback algorithm.

The feedback systeadjuststhebasicburst firing modulation periodd,,) in order to retain
optimum accuracy irrespective of the output power.
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The'Burst firing' mode (code&C1 to 255 can be configuredith:

« soft start (or start and end) in thyristor firing angdeiation during the required
time (limited by the firing time)

« the firingdelay of the first firing thyristor, at each cycle

« the currentimit, the action of which depends on the use of soft operation.

The table below indicates possible operation in Burst firing mode.

Mode Code Corresponding Action and Current
operation Limit code
without current Firing Firing
limit stop angle

variation
Standard NRP Proportional cycle with a
modulation period determined by
CINT —
the feedback system.
Number of ijf*
firing (or CodeRES: Thyristor firing and non-
non-firing) firing at the zero voltage of
cycles each phase.
selected by Firing rotation of the 6 thyristors at
the user. each Burst.
CodelND: On each phase, the first
firing is delayed by an adjustable
angle. Same firing sequence of the 6
thyristors at each Burst.
Soft URP Soft start with thyristor firing angle T LINT
variation from zero to full firing. or
Stop at end of supply cycle. ke
Adjustable (Default codeRES)
ramp time.
Limited by
the basic Soft start and stop with thyristor
cycle time firing angle variation from zero to
(firing time).| UDR full firing and from full firing
to zero.
(Default codeRES).

Table 5-3 Possible types of operation in '‘Burst firing' mode
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'Phase angle burst' mode

The operation of the thyristor unit in 'Phase angle burst' firing rdegdendson thestate of the
current limit .
« Current limitdisabled (the RMS current is below the current threshold):
thyristor firing in Burst firing '
« Current limitenabled(current threshold exceeded):
thyristorfiring angle variation during each basic bursPfiase angle burstoperation).
When the current limit is no longer enabled, switching to full firing in Burst firing must be
performed with a soft start over 8 periods (at the first burst only).
Feedback ifPhase angle bursmode is performed as Burst firing .
The table below indicates the possible types of operation in 'Phase angle burst' mode (code:
HC1 to H55).

Mode Code Corresponding Action and Current
operation Limit code
without current Firing Firing
limit stop angle

variation
Standard NRP Proportional cycle with a
modulation period determined by
LINT
the feedback system. _ or
Number of e
firing (or CodeRES: Thyristor firing and
non-firing) non-firing at the zero voltage of
cycles each phase.
selected by CodelND: First firing delayed on
the user. each phase.
Soft URP Soft start with thyristor firing angle
variation from zero to full firing. - LINT
Stop at end of supply cycle. or
Adjustable L
ramp time. (Default codeRES)
Limited by
the basic
cycle time.

UDR Soft start and stop with thyristor
firing angle variation from zero to
full firing and from full firing

to zero.

(Default coderRES).

Table 5-4 Possible types of operation in 'Phase angle burst' mode
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ADJUSTMENT POTENTIOMETER FUNCTIONS

Five potentiometers are provided to enable the user to adjust the operatiom©8€Dd
thyristor unit without opening the front door.

They are available on the top left section of the thyristor unit front panel.

Adjustment potentiometers

Diagnostic
connector

©
@

()

PA Ramp/CY Delay
Rampe AP/Retard TO

Response T
T. réponse

Setpoint limit
Limit. de consigne

Load fail

Défaut de charge
12 limit

Limit. 12

4

/N

EUROTHERM

Display

Figure 5-8 Front panel potentiometers

The adjustment potentiometers ha@gurns.
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The potentiometer functions are summarised in the table below.

The functions of the potentiometd?4, P2 andP3depend on the selected firing mode and the
thyristor unit configuration (load type, selected ramp, soft start or start and end).

Potentio- | Designation Firing Function
meter on front panel modes
P1 PA Ramp/ Phase angle Ramp setpoint
CY Delay adjustment

Logic Soft start
Burst firing or start and end
Phase angle adjustment
burst

First alternation delay
angle adjustment
(for inductive loads

only).
P2 Response Phase angle Feedback loop response
time time adjustment.
Burst firing Basic burst firing
Phase angle time adjustment.
burst
P3 Setpoint All except Logic | Input signal limit
limit mode adjustment.
P4 Load All firing Partial load failure
fail modes detection adjustment.
P5 12 limit All firing Limited current
modes threshold adjustment.

Table 5-5 Summary of the front panel potentiometer functions
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'PA Ramp / CY Delay' potentiometer

The potentiometelP1labelled PA Ramp / CY Delay on the front panel is used to adjust
the following:

« the ramp on the setpoint change@Phase angle firing mode);

« the soft start/end(Burst firing, Logic and Phase angle burst firing modes);

« the delay angle(Burst firing, Logic and Phase angle burst firing modes).

Conditions and positions of jumpers Functions of potentiometer P1

Firing 'PA Ramp / CY Delay

mode Operation

Phase No ramp K3 =0| Noaction

angle Positive ramp K3=1 Randprration adjustment

K1=0 K4=0 (number of periods)

K2=1 for setpointhanges
The ramp is enabled for power
increaserequests

Positive and K3=1 Ramguration adjustment

negative ramp K4=1 (number of periods) ffmth
powerincreaseand

decreaserequests
Logic Resistive load. K7 =0 | No action
K1=0 No soft K3=0
K2=0 start K4=0
Inductive load. K7=1 Adjustment dif st
Burst No soft K3=0 alternation firindelay
firing start from 0° to 90°
Ki1=1 All loads. K3 =1 | Start duration adjustment
K2=0 Soft start K4=0 (number of periods) in thyristor
firing angle variation.
Phase Immediate stopafter first O crossing.
angle All loads. K3=1 Adjustment d@ibth start and
burst Soft start K4 =1 | endduration in thyristor firing
Ki=1 and end angle variation
K2=1

Table 5-6 Functions of the potentiometer P1 for the various firing modes

Note: For the Burst firing and Phase angle burst modes, the soft
operation time is limited by the basic cycle.
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Setpoint change ramp

The ramp durationT(;) is the number of supply cycles (therefore, the time taken) for the
thyristor unit firing tochangefrom 0% to 100% (positive ramp) or from100% to 0%
(negativeramp).

The Setpoint change rampfunction is only available in the 'Phase angle' firing mode.

Negative ramp

g

Input setpoint

Ii

Output power \ \ Output power

— \ L
\
< Tr > < Tr >

Figure 5-9 Positive and negative ramps during setpoint change in Phase angle mode

Note: After the electronics is switched on, the setpoint ramp is reset to zero.
If the setpoint has not changed, the setpoint ramp is not enabled when the thyristor
unit is re-enabled after inhibition.

Important !
» The ramp duration is set footh the positive and negative ramps.

* For the sam&, adjustment, thelopeof the ramp i€onstantirrespective
of the setpoint change amplitude.

The adjustment made using the potentiomefecan be read using tl&irotherm type@60
diagnostic unit (in the form of an adjustment voltage in positin
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TheT, values (in number of periods elapsed in ramp and in time) and the corresponding

adjustment voltages are given in the table below.

P1

Adjustment voltage Ramp duration (Tr)

(read in position 11 Number

of the diagnostic unit) of periods 50 Hz supply 60 Hz supply
0.10V 4 0.08 s 0.066 s
0.25V 8 0.16 s 0.133 s
0.40V 16 0.32s 0.266 s
0.55V 32 0.64 s 0.53s
0.72V 64 1.28s 1.06 s
0.85V 128 2.56s 2.12s
1.00V 256 5.12s 4.24's
1.20V 512 10s 85s
1.30V 1,024 20s 17 s
1.50V 2,048 41s 34s
1.65V 4,096 1min22s 1min8s
1.80V 8192 2min44s 2min16s
1.95V 16 384 5min 28 s 4min32s
210V 32764 11 min 9 min
230V 65 528 22 min 18 min
240V 131,000 44 min 36 min
2.60V 262,000 1 hour 27 min 1 hour 12 min
275V 534,000 3 hours 2 hours 30 min
290V 1,050,000 6 hours 5 hours
3.10V 2,100,000 12 hours 10 hours
3.25V 4,190,000 24 hours 20 hours
4.00V 8,390,000 48 hours 40 hours

Table 5-7 Ramp adjustment during setpoint change in 'Phase angle'

The durationT ., adjusted by the user, is given in table 5-7 for a change of the input signal
from 0to 100%.

Important !
The positive ramp is completed as soon as the firing angle corresponding
to the current setpoint has been reached (see figure 5-9).
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Soft start / end

Soft operation (start or start and end) can be configured in the following firing modes:

* Logic,
* Burst firing and
» Phase angle burst.

The soft start duratiornTgg is the time taken for the output powercttangefrom 0% to 100%

with thyristor firing angle variation fror@ to full firing .

The soft end durationT(g is the time taken for the output powerdieangefrom 100%
to 0% with thyristor firing angle variation frorfull firing to 0.

Soft start with Soft end with
increase in the decrease in the
firing angle firing angle
* / /
Full firing ¢
/ /
t
/ /
< Tss >
< Ts >< Tgg >

Logic control signal

Figure 5-10 Soft start and end in Logic mode
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Soft start with Soft end with
increase in the decrease in the
firing angle firing angle
\ P /
Full firing
// t
— 7 -
< TSS >
< TF > < Tse >
< TM >

Figure 5-11 Soft start and end in Burst firing mode

In the Burst firing and Phase angle burst modes, the number of soft start or end periods is
limited to the number of cycles in the selected firing time.

The soft start timeT(gg is not included in the firing cycld ¢), but all the power sent in the
load is taken into account in the feedback.

After the soft start with thyristor firing angle variation, the thyristor unit remaifglifiring :

* during the time the input signal is pres&g{in Logic mode)
* during the firing time of one modulation peridg; (in Burst firing mode).
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The duration of the thyristor firing angle change is adjusted using the potentiometebBth for
the start and the endl {5 alwaysequalto Tgq).

The soft start and end duration can be adjusted using the potentiBrhétamn O to the number
of modulation periods.

The maximum soft start/end duration corresponds to the number of periods in the basic cycle
(selected modulation period).

The adjustment position of the potentiomdércan be read using a EUROTHERipe 260
diagnostic unit in the form of an adjustment voltage in positibn

i Soft start/end duration (Tgg= Tgg
Adjustment voltage
(read in position 11 Number of 50 Hz 60 Hz
of the diagnostic unit) periods supply supply
0.05V 0 0 0
0.10V 1 20 ms 16.6 ms
0.15V 2 40 ms 33.3ms
0.25V 3 60 ms 50.0 ms
0.35V 5 100 ms 83.3ms
0.40V 8 160 ms 133 ms
0.50 vV 16 320 ms 266 ms
0.55V 32 640 ms 533 ms
0.70 V 37 740 ms 616 ms
1.30V 43 860 ms 716 ms
2.00V 51 1.02s 0.85s
250V 64 1.28s 1.07s
3.50V 85 1.70 s 142s
4.00V 128 2.56s 2.13s
5.00 V 255 5.10s 4.25s

Table 5-8 Soft start/end duration
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Delay angle

The potentiometeP1 adjusts the firing angle delay of the first alternation for the control of
inductive loads in the following firing modes:

« Logic,

* Burst firing and

* Phase angle burst
without soft start/end.

A 90° delay angle is obtained withl turned completelglockwise
A 0° delay angle is obtained withl turned completelanti-clockwise.

The scale in figure 5-12 gives the equivalence between the adjustment Vglta@ead in
position11 of the diagnostic unit) and the delay angle.

Firing angle

90°

80°
/

60° /|

a0° /|
/

Adjustment voltage
Vi1

Oo

1.0 2.0 3.0 4.0 50V

Figure 5-12 Delay angle adjustment scale

In the factory, the potentiometed is preadjusted t6 V (90° delay angle) if the coding
indicates the use of the inductive load.
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'Response time' potentiometer

The potentiometeP2 labelled Response Ton the front panel is used to adjust fisedback
loop response timgin 'Phase angle' firing mode) or thember of firing periods in the basic
cycle (in 'Burst firing' and 'Phase angle burst' firing modes).

Firing Positions 'Response time' potentiometer

mode of jumpers functions

Phase angle K1=0;K2=1 Feedback logponse time
adjustment.
The response time depends on
the feedback loop gain

Logic K1=0;K2=0 No action

Burst firing K1=1;K2=0 Adjustment of theumber of
firing (or non-firing) periods
in the basic cycle.

Phase angle Kl1=1;K2=1

burst

Table 5-9 Functions of the potentiometer P2

Standard response time in 'Phase angle'

The feedback loop response time can be adjustedXf8tm52 periods using the potentiometer
P2. WhenP2 is turnedclockwise the response time increased(since the gain is decreased).

An increase in the gain can cause the setpoint to be exceeded transiently.
Stability can be increased, but by decreasing the feedback loop gain.

A satisfactorystability / gain' compromise is obtained with a response time of apx68. s.
This standard response time (default setting) corresponds to an adjustment voltadg® éf
(read in positiorl0 of the EUROTHERM type 260 diagnostic unit).
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Number of firing periods in the basic cycle

The firing (or non-firing) time in the 'Burst firing' and 'Phase angle burst' modes is set using the
potentiometeP2.

Important !

The potentiometeP2 adjusts
« the duration of the basic cydieng time forless than
50% power
« the duration of the basic cyalen-firing time for a
powergreater than or equal to 50%

The adjustment varies betweasingleperiod (Single cycléfiring mode) an®55 periods.

The adjustment made can te&ad using the Eurotherm ty@60 diagnostic unit in positioh0
(in the form of aradjustment voltage.

p2 Basic firing

Adjustment voltage (or non-firing) time

(read in position 10 Number o 50 Hz 60 Hz

of the diagnostic unit) periods supply supply

ov 1 20 ms 16.6 ms

0.5V 2 40 ms 33.3ms
1.0V 4 100 ms 83.3ms
20V 8 160 ms 133.3 ms
25V 16 320 ms 266.6 ms
3.0V 32 640 ms 533.3 ms
35V 64 1.28s 1.07s
45V 128 2.56s 2.13s
5.0V 255 5.10 s 425s

Table 5-10 Basic cycle firing (or non-firing) time
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'Setpoint limit' potentiometer

The potentiometdP3 labelled Setpoint limit' on the front panel can be usedinoit the
input signal setpoint

The input signal limit function isnabledin the Phase angle, Burst firing and Phase angle
burst firing modes, budoes not actwhen the TC3001 thyristor unit is configured.imgic
firing mode.

The setpoint limit adjustment made using the potentionR8ean beread using the
Eurotherm type 260 diagnostic box in posit(in the form of an adjustment voltayey).

The adjustment voltage valiy of the limit input signak, ,, (in % of the selectedcalg
can be obtained according to the equation:
ELIM %
Vg = 5V X
100%

where E represents the value of the limited input value.

E.g.: Required setpoint limitE,_,, = 65%
Adjustment voltage (read in positi&h
65%
Vg = 5V X —— =325V
100%

This adjustment obtained signifies that when the input sigriéld%o, the output power
reache$5% of its nominal value (or calibration value).

When the input signal B0%, the output power is onl{3% of its nominal value:
20 % x 65%
=13%
100%

This limit affects the voltage, current or power supplied by the thyristor unit.

E.g.: 400 V / 100 A thyristor unit, feedback type: power
Nominal unit power Pun= 69.2 kW
Nominal power of load used P =40 kW
Adjustment voltage (read in positiéh
40
Vg = 5V X —— =29V
69.2
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'Load fail' potentiometer

The potentiometelP4 labelled Load fail' on the front panel is used to adjust ti@ximum
sensitivity of the partial load failureRLF) detection circuit for the real load.

The adjustment of the potentiomeRetis used tanemorisethe nominal operating conditions
of the load (e.g. over at operating temperature).

The PLF detection circuit continuously measures the RMS line-to-line voltage and the three
RMS line currents. This is used to calculate the 3 load impedances (detected by the thyristor
unit) and compare them with the impedance value memorised during the PLF detection
adjustment (see 'Commissioning' chapter, page 6-14).

A PLF alarm is triggered when 1 (or more) of the 3 impedances has increased in relation to the
greatest of the 3 impedances measured during the adjustment.

Since the PLF detection is performeith reference to the highest impedancef the three-
phase load isnbalancedthen the detection sensitivity on the 3 phasesffisrent.

The sensitivity is best on the phase with the highest impedance.
The PLF detection sensitivity on the other two phases is low if the system is unbalanced.

Using the potentiometd?4 it is possible to correct the PLF detection sensitivity with reference
to the adjusted sensitivity (see PLF detection adjustment).

To reduce the PLF detection sensitivity in the eventndimely alarms (if the detection
threshold isadjusted at the limit), turn the potentiometdt4 slightly anti-clockwise.
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'12 limit' potentiometer

The 12 limit' potentiometerR®5) is used tadjust the maximum intensity thresholdallowed
by the load.
If this threshold iexceededthe currentimit action is triggered, depending on the firing mode:

« with thyristor firing anglevariation or
 with the thyristor unit operatiostop.

Depending on the configuration, the current threshold can be set using the potentiometer P5
using an external signdlhe potentiometer P5 remains enabled irrespective of the selected
limit mode. The potentiometer on the front pamealigns the limit range according to the
maximum level set either by the external input or by the internal voltage.

The current threshold adjustment sets the value afgharedcurrent and can be read by the
diagnostic unit in positiod9in the form of an adjustment voltag¥ 1 o

With the values of the nominal load currdnt, after the calibration and the current threshold
I m » the value of the adjustment voltage can be obtained according to the equation:

I 2

LIM
V19 = 5V X

| 2

LN

Eg. Nominal load current 100 A
Limited current (current threshold) 80 A

Adjustment voltage using the potentiometer P5:
802
Vig = 5V X ———— =32V
1007

When the user has selected éx¢ernal signalto adjust the current limit setpoint remotedyj,
the limit signals used must be taken into account. The value of the Vdl{agéadjustment
using the potentiomet&5) must be calculated using the same equation.
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CURRENT LIMIT OPERATION

The current limit acts assafety devicewhen the current threshold (set by the user) has been
exceeded. The current limit affedke highestof the three thyristor unit currents.

The current limit circuit uses ttegjuared current limit in order to react more effectively on the
increase in the thyristor unit currents.
The current limit sets the value Idfmaximum.

The detection of aurrent greater than or equalto the threshold set
« using the potentiomet&S5 on the front panel or
« using the external signal and using the potentioni&er
leads tahe ON stateof the current limit.

Theaction of the current limit isletermined by the firing mode.

Phase angle:
« reduction of thyristor firing required,
the internal feedback algorithm changes from current limit
operation to normal operation.
« If another over-current is detected during the change to normal operation,
the current limit with firing angle variation is continued.

Logic: thyristor unit operatiostoppedat first detection.

Burst firing without soft operation:
« alarm andreduction of the firing angle the first time the threshold is exceeded;
« soft start on the number of periodelected
(with aminimum of 8 periods) for the next cycle;
« thyristor unit operatiostoppedif a secondover-current is detected before the
previous alarm is acknowledged (during start on the 8 periods).

Burst firing with soft operation anBhase angle burst

« reduction of the thyristor firinganglein order to keep the RMS current less than or
equal to the current threshold (in firing cycle);

« soft start on the number of periodelected
(with aminimum of 8 periods) for the next cycle;

« operation irBurst firing mode with aeducedfiring angle
(adjusted in order to keep RMS current less than the limit threshold)
if an over-current is detected.

In theBurst firing with soft start/end anBhase angle burstiring modes, the feedback system
incorporates the power actually dissipated in the load and calculates the new cyclic ratio so that
the total powecorrespondsto thesetpointapplied excluding the current limit.
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FEEDBACK OPERATION

The internal feedback loop algorithm of th€3001 series thyristor unit takes into account the
feedback value selected by the user using the configuration jumpers (see page 4-9).

The feedback parameters are as follows:

* load power - P

* mean of squared currents - 12

» squared load voltage - V2

 external (feedback) measurement External measurement

For the control signal applied on thealogueinput, the response curvelisear betweer0%
and100% with 'dead bands' between 0 and 2% and between 98% and 100%.

Output
- (% of feedback ’j
value)

75 S
d

100%

25
Input
(% of the
maximum scale)

0 20 40 60 80 100

Figure 5-13 'Input/Output' response curve

The output power of the thyristor unit is calibrated according teghexted feedbackalue and
the thyristor unit calibration (see 'Calibration’, page 6-8).
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Squared current

This parameter represents the valuthefmeanof the square of the three RMS line currents
|12+ |22 + |32

3
This value can only react00% if the three-phase loads are balanced (or almost balanced)
since the current limit, when it is adjusted to its maximum value, limits the highest of the three
currents tal10% |, 2 (or 105% |

NOM NOM)'

Squared load voltage

The V2 feedback parameté the square of theMS load voltage ¥/ ):

« voltage between phasgésnd2 of the load for closed or open delta
and star without neutral configurations;

« voltage between phadeof the load and theeutral for a star with
neutral configuration.

Power

The Power feedback parameter represents the mean apparent power supplied in the load
P= VL X lAVEA

I represents theeanof the RMS current

Lo+ L+

AVE

3
V| represents the RMS voltage of the load (see 'Squared load voltage').
As described for the current value, the current limit acts with a maximum thresHdl8%f

of the nominal thyristor unit current. This means thakimum power can only be obtained if
the three-phase loads dralanced

External measurement
Theexternal feedbacksignal has four voltage scales and two current scales.

Voltage: 0-5V; 1-5V; 0-10V; 2-10V (input impedare&00 K2)
Current: 0-20mA; 4-20 mA (inputimpedance 0
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Chapter 6

COMMISSIONING PROCEDURE
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Chapter 6 COMMISSIONING PROCEDURE

ead this chapter carefully before commissioning the thyrist or unit

COMMISSIONING PROCEDURE SAFETY

f Important !

Eurotherm cannot be held responsible for any damage to persons or property
or for any financial loss or costs resulting from the incorrect use of the product
or the failure to observe the instructions contained in this manual.

It is therefore the user's responsibility to ensure that all the nominal values
of the power unit are compatible with the conditions of use and installation
before commissioning the unit.

Danger!

Dangerous live parts may be accessible when the front door is open.

Only personnel qualified and authorised to work in industrial low voltage
electrical environments can access inside the unit.

Access to internal components of the thyristor unit is prohibited to
users who are not authorised to work in industrial low voltage
electrical environments.

The temperature of the heatsink may exceed@00

Avoid all contact, even occasional, with the heatsink when the unit is in
operation. The heatsink remains hot approximately 15 min after the unit has
been switched off.
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CHECKING THE CHARACTERISTICS

Attention !
Before connecting the unit to an electrical supply, make sure that the
A identification code of the thyristor unit corresponds to the coding
specified in theorder and that the characteristics of the thyristor unit
arecompatible with the installation.

Load current

The maximum load current (line current or arm current in Open delta) must be less than or

equal to the value of the nominal current of the thyristor unit taking the load and supply
variations into account.

If the three identical loads are configurectiosed delta the current of each phase of the
thyristor unit isv3 times as highas the current of eaerm of the load.

For the given poweR) of the three-phase load and for the line voltdgéine-to-line
voltage), the current to be compared with the nominal thyristor unit current is:

P
| =

V3xV,
L
For the open delta, the current to be compared with the nominal thyristor unit current is:

Load configuration type
Make sure that the configuration type used is correctly configured using the jupers

» K5 andKe6 on the driver board (see page 4-15)
* LK7,LK8 andLK9 on the power board (see page 4-6).
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Supply voltage

Thevoltage appliedto thyristors in the OFF statdgepends on the load configuration type

For thestar without neutral, closedor open deltaconfigurations, the nominal value of the
thyristor unit voltage must be greater than or equal téinbeo-line voltage of the supply used.

For thestar with neutral configuration, the nominal thyristor unit voltage can be greater than or
equal to the voltage between thigase and neutralof the supply used.

A thyristor unit can be used on a three-phase supply of a véétsgtban the voltage specified
for the thyristor unit, byeconfiguring it (see table 4-1, page 4-5).

If the supply voltage is less th&0% of the nominal thyristor unit voltage, after 5 s of
integration, the thyristor unit changes to inhibition (thyristor control withdrawn).

The thyristor unit is re-enabled automatically if the voltage returns to a value greater than or
equal to 70 % of the nominal value of the thyristor unit.

: Attention !

Given the inhibition at 70 % of the nominal voltage, the operating
(calibration) voltage must be as close as possible to the nominal supply
voltage used.

Auxiliary power supply voltage

The auxiliary power supply voltage must correspond to the power supply available.

The voltage is selected in the factory, according to the order code, using soldered links on the
driver board (see page 4-10).

Input signals

The jumper configurations on the driver board must be compatible with the selected levels of the
analogue signals used for:

« control (see page 4-11)
« the external current limit (see page 4-13)
« the external measurement (see pages 4-11 and 4-12).
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DIAGNOSTIC UNIT

For easier commissioning and adjustment operations and for the thyristor unit state diagnos

it is advisable to use tHetUROTHERM type 260 diagnostic unit.

The diagnostic unit possesses a flat cable which is plugged into the 20-pin connector
(diagnostic connector) provided on the front panel of the thyristor unit.

The20-way switchof the diagnostic unit is used to view the values of the thyristor unit and
feedback parameters on its digital display. The unit displays two decimal places for the preci

indication of the selected values.

The signals from the diagnostic connector may also be viewed using an oscilloscope.

S [

s b e TC3001
Load fail

@ Défaut de charge

12 limit
@ Limit. 12

Diagnostic
connector

Flat cable ol L1

ribbon

Digital display

R
EUROTHERM
diagnostic unit

ext
OﬂH 20\ 1
N v

Oscilloscope
connection
(terminals isolated
from power)

9V power supply

Battery or
rechargeable
battery

Battery

P charger

Figure 6-1 Connection of the EUROTHERM type 260 diagnostic unit

and the TC3001 thyristor unit

The following table gives the description of each position oElHROTHERM type 260
diagnostic unit and the typical values of the signals measured.

These signals afeC values.
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Position| Designation Typical value Remarks
1 Power supply +5.6 V
2 Reference +5V
3 Power supply +15V
4 User voltage +10V Control term. blogk
5 Power supply -15V -14.45 to -15.55
6 +21V Rectified, filtered
7 Input control signal Oto5V
(at converter output)
8 PLF detection adjustment threshold Oto5V Potentionfeter
Setpoint limit Oto5V PotentiometPs3
10 Burst firing cycle time Oto5V Potentiomefe2
11 Ramp, soft start/end or delayed
firing duration Oto5V Potentiometérl
12 Calibration of | (M2=0) or ltol0V Jumper M2 =0
Image of |in operation (M2=1) in calibration, PotentiomeRef
13 Calibration of ) (M3=0) or Jumper M3 =0
Image of lin operation (M=1) 0to1.67 V Potentiomet®8
14 Calibration of ] (M4=0) or in operation Jumper M4 =0
Image of | in operation (M4=1) Potentiomete®
15 Synchronisation 5V pulses Zero crossing
16 Microprocessor reset Reset: 5V Normal state : QV
17 Enable 5V Inhibition : 0V
18 Power supply Common 0V
19 Current limit setpoint Oto5V PotentiomeRs
(12 threshold )
20 Calibration of voltage (M1=0) or ltol0V Jumper M1 =0
Image of V in operation (M1=1) in calibration; Potentiomd?ér
1.73V for 3 phase
with neutral.
0to1.67V Jumper M1 =1
in operation.

Table 6-1 Destination of the positions of the EUROTHERM type 260 diagnostic unit

6-6
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THYRISTOR UNIT CALIBRATION

The thyristor unit is calibrated so that theximum value of the selected input signs¢ale
correspondsto thenominal valuesof thecurrents andvoltage allowed by the load used.

The calibration performed also acts on the power retransmission signals and on the feedbac
signal selected for the feedback algorithm.

The four potentiometers (labell&b to P9) used to calibrate the thyristor unit in terms of
voltage and current. They are located ongbientiometer board, placed perpendicular to the
driver board (see figure 1-2). The calibration potentiometers can be accessed with the front
door open. Each potentiometer can be adjustedbyrns.

Potentiometer board

Calibration Potentiometers

Driver board

(13 calibralzgn itMa=0) | \L\\
| [
P8 \
[ ] N
[@]

(12 calibration if M3=0)

(I calibra|;c7)n if M2=0) I:@ ::I;\\
‘ N

P6
(voltage calibration if M1=0)

Figure 6-2 Location of calibration potentiometers

Thecalibration procedure must be performed usingBl®&OTHERM type 260 diagnostic
unit enabling accurate readings of the calibrated values.

Note: Calibration is not essential if:
¢ the retransmissiorae not used
« the load current and voltage afeseto those of the TC3001 thyristor unit
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There are two possible types of calibration depending on the position of calibration jumpers
M1lto M4 :

< non-firing calibration or
« full firing calibration.

Normally, calibration must be performed durimgn-firing (the jumperdM1 to M4 on the driver
board are set tposition 0.

The calibration of the thyristor unit during non-firing does not require the operation of the
installation under nominal conditions and can be perfonvittbut the presenceof the three-
phase voltage.

Once the non-firing calibrations have beemformed, the calibration jumpers must be reset to the
operating position ().

Full firing calibration is performed if it is necessaryfitte-tune or readjust the calibration
during thyristor unit operation .
In this case, the calibration jumpers must be left irofferating position

In the factory, the calibration signals are adjusted fontminal voltageandnominal currents
specified in the thyristor unit order. The following calibration procedure is optional and is only to
be performed for conditions when the nominal load voltage and currents can be changed.

Important !

If the value is calibrated at iteominal value, the corresponding reading on
the diagnostic unit in positiod?, 13, 14 and20is1 V (jumpers M1 to M4
in calibration position) andL.73 Vin position20for star with neutral
configuration.

For the firing calibration, it should be taken into account théilifiring (sinusoidal current
operation), the DC values (rectified sinusoidal signals, double alternations) read in positions
12, 13, 14and20 of the EUROTHERM type 260 diagnostic unit 467 V (1.855 VRMS or

2.61 Vpeak to peak on the oscilloscope) in nominal current and voltage conditions.

Attention !

A Calibrationcannot be performedat a value
less tharl0% of the nominal currents
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Phase current calibration

To calibrated the currents of the thyristor unit, calculate the calibration veitagéor each
phase according to the following ratio:

IUN

VeaV)= 1V x
. . . |LN . o .
where |, - nominal thyristor unit current (see identification label)
Iy - nominal load current.

Non-firing calibration (M2 to M4 in position 0)

¢ Check thé of the jumper 12 to M4 ) corresponding to the phase to be calibrated

< By turning the potentiometer of the phase to be calibr&@tb(P9), display the value
V., calculated on the diagnostic unit display in positibAsl3 and14 (phasel, 2 and
3 respectively

« Reset the jumpeid2 to M4 in the operating position.

Example :
Balanced three-phase load power P = 150 kW
Line voltage vV, = 380V
Nominal thyristor unit current luyy = 300A
P 150 x 18W
The nominal load current N = = —————————— =228A
V3xV, V3 x 380V
lun 300 A
The calibration voltage: Vp= 1V X =1Vx =132V
I 228 A

Each potentiometer must therefore be turned consecutRelp P9 to obtainl.32 Von the
diagnostic unit display in each of the positidi2s 13and14.

Firing calibration (M2 to M4 in position 1)

If it is necessary téine-tune or readjust the calibration during thyristor unit operation, the
adjustment can be made with the calibration jumimetise operating position

For this procedure, the signals read by the diagnostic unit are rectified values, corresponding
currents actually measured.

Thefull firing phase current calibration is therefore obtained by adjusting the vltage
the valuel.67 V.
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Load voltage calibration

To calibrate the voltage of teC3001 thyristor unit, calculate the calibration voltayg-(,)
according to the following ratio:

VUN

VeaW) = 1V x
where V- nominal thyristor unit voltage (see identification label)
V| - hominal load voltage (line-to-line voltage of the supply used).

Important !
For astar with neutral configuration V-, must be multiplied by/3.

Note: For the the Star with neutral configuration, the default calibrati®rviz V.

Non-firing calibration (M1 in position 0)

By turning the potentiometdt6, display the valu¥ _, calculated on the diagnostic unit display
in position20.Reset the jumpd¥ll in the operating positiori).

Example 1: Nominal TC3001thyristor unit voltage Vyn =380V
Line voltage 3 wire configuration Viny =350V
Vun 380V

=1Vx =109V

Calibration voltage: Vo, =1V x

Y% 350V
The potentiometelP6 must be turned to obtain09 Vin position20on the display.

Example 2: Same conditions as in examglebut instar with neutral configuration.

Calibration voltage: Vo, =1.09V xV3 =189V
The potentiometelP6 must be turned to obtain89 Vin position20on the display.

Firing calibration (M1 in position 1)
The signal read by the diagnostic unit is teetified value, corresponding to tiveltage

actually measured. Ifull firing (sinusoidal load voltage operation), the DC value read on
position20 must bel.67 V.

Line voltage calibration

The line voltage read by the microprocessor can be adjusted using the potentiometer (labelled
P18) located on the driver board (see figure 4-3, page 4-9).

Attention !
A This adjustment is made in the factoryrandt not be modified.
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COMMISSIONING
Preliminary adjustments

« After checking the cabling, make sure that Breable' input (terminall5 on the driver
board) is connected directly or via a closed switck16 V' (terminall6 on the same
terminal block) or to an external voltage between +5 V and + 10 Vreferenced in relation
to terminall7 (‘0 V').

« After calibration, check that the Calibration/Operation jumptgo M4 are in the
operating positionl).

« The initial position of the potentiometBd depends on thihayristor firing mode.

- 'Phase angle' operation: potentiomé&gset tozero -completelyanti-clockwise -
(except if the ramp is used) - which giv@® position11 of the diagnostic unit.

- 'Burst firing' operation on the inductive load or on a transformer primary coil:
potentiometeP1 completelyclockwise which corresponds to30° delay in
the first thyristor firing.

« Set the potentiomet®&3 (‘Setpoint limit’) to zero, i.e. completedyti-clockwise

« Set the potentiomet®5 (‘12 limit') to the calculated position for the required current limit.

Attention !
If the potentiometeP5is set completelyo zeroby mistake
A (turned completelanti-clockwise), the thyristor operation in
the Logic and Burst firing modesssoppedby the
‘Over-current' alarm.

In this case, after setting P5 to a value other than zero, the
alarm must beacknowledged.
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Power-up

During power-upautomatic recognition of the phase rotation ordeiis performed.

« Switch on the thyristor unit (power supply and auxiliary power supply).

: Attention !

If the control power is supplidoefore the power-up, the
‘Under-voltage alarm is displayed.

» Check that the load current is equaltim theabsenceof the control signal.

 Apply a control signal to the input (terminal 14 of the driver board).

« Turn the potentiometd?3 slightly clockwise and check that the current increases in
the load and that it varies as a function of the lev&l5of

Important !

fE If the driver board jumpek13 = 1,the thyristor unit starts with safety ramp
of 32 periods in firing angle variation.

This safety ramp is applied at the start:
« at the control electronigsower-up,
« after aninhibition
« after a microprocessoeset
« from a zero setpoint in '‘Phase angle burst' mode.

¢ Make sure that the RMS current does not exceed the nominal thyristor unit current when
the setpoint is100% and the potentiomet&3is turned completely clockwise.

If the currents do not correspond to the applied control signal while the signals of the
potentiometer®5 andP3 are atL00%, readjust the currem@alibration.

The control signal can be readdasition7 of the diagnostic unit
(5V corresponds t@00%of the input signal).

The data on the load currents is available in positl@n$3 and14 of the diagnostic unit.
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Delayed firing adjustment on inductive load
'‘Burst firing' and 'Logic’ modes

To eliminate the transient operation over-current during the power-up of inductive loads, the
first firing on each phase in the 'Burst firing' and 'Logic' modes must be delayed with referen
to the corresponding zero voltage (see page 5-9).

The optimum delay angle depends on the load used and can be adjusted with potefibmete
('CY Delay) on the front panel.

In the factory, the delay angle is adjuste®® (potentiometeP1completely clockwise).
To fine-tune the delay angle during commissioning, follow the procedure below:

« Check that the position of the jumg€r on the driver board i$ (inductive load) and
that the potentiometd?1is at themaximum value, i.e. turned completetyockwise

« Connect an oscilloscope to display the transient current.

« After the power-up, turn the potentiomeRt slowly anti-clockwise until the
transient current at firing, displayed on the oscilloscope, hasiaimum amplitude.

Data on the delayed firing angle is available in voltage form in podifiai the diagnostic unit
(5 V corresponds t60°; the delay angle adjustment scale is given on page 5-22).
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PARTIAL LOAD FAILURE DETECTION ADJUSTMENT

The partial load failure detectioPI(F detection) is adjusted to obtain tim@ximum

sensitivity of thePLF detection circuit in nominal thyristor unit and load operating conditions.
This adjustment consists mfemorising the nominal operating conditionsising the
potentiometeP4.

The PLF adjustment (or non-adjustment) is displayed on the frontgiaplely (see chapter 7).

Note: The PLF adjustment only appliesltav temperature coefficient loads.
To inhibit the PLF detection, the potentiomer must be turnednti-clockwise

For thePLF adjustment:

« Calibrate the thyristor unit currents and voltage

« Set to thenominal conditions for use and installation so that the partial load failure detection
has the best sensitivity.

« Turn the potentiometd?4 gradually clockwise until the flashing messdgefollowed by
a linenumber with the highest impedance, is displayed on the front panel display.
This message flashes fisduring which the nominal load impedancedsorded.

Attention !

ﬁ The PLF detection adjustment is only possible if the current of each of
the phases is greater thab% of the nominal load current.

Important !

It is advisable to adjust the PLF detection to 100% firing
(load at highest temperature).

In Slow cyclemode, during the PLF adjustment, turn
the potentiometer P5 vecarefully since the PLF
detection is only enabled during the firing cycle.

If the thyristor unit current or voltagmlibration is modified,
a PLF detectiomdjustment must then beepeated
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Chapter 7 DISPLAY MESSAGES

GENERAL

During the thyristor unit commissioning procedure and during its operation, messages are
displayed on the front panel display. These messages inform the user on:

« the type of thyristor unit operation
¢ the enabled alarms
¢ the errors and the faults.

Two types of message are shown on the display.
» Steadymessages indicating the current thyristor unit operating mode.
The thyristor unit operatemrmally, or in current limit, in Phase angle

mode, or is inhibited.
 Flashing messages indicatirpnormal operation (an error or a failure).

STEADY MESSAGES

| Normal operation ifPhase anglenode

——

Normal operation in the following modes:
 Burst firing
* Phase angle burst

Normal operation it.ogic mode.

Ramp on a setpoinincreasewith thyristor firing
angle variation.

— T —— ﬁs
VB IEE] B

Ramp on a setpointlecreasewith thyristor firing
angle variation.

|-

Current limit with thyristor firing angle variation.

Inhibition of thyristor unit (terminal 15Enable’ on the driver board is
atO V or is not connected tol0V).

‘ —_— ‘ ‘I“
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FLASHING MESSAGES

A flashing message is composediuke consecutive display$or 1.25 seach
(the second and third displays careepty).

The display indicates three types of flashing messages:

* MessageP' - a partial load failure detection. The next message indicates the
phase number (or disappearance of detection).

« MessageE' - anerror. Thenext message indicates the alatype.

* MessageF' - afailure (thyristor unit inhibition).

Thenext message indicates the alaype.

During these messagéle decimal pointon the display indicatabe alarm ON state.
The flashing messages are useitiémtify certain alarms. For the alarm display conditions
and their detailed state sédarms' chapter.

P L F detection

The thyristor unitontinuesto operate.
A partial load failure. The failure is stfresent. The

Il > _’ > second message indicates the piNseconcerned (phase
’_ _I 3in the example). If several phases are at fault, only the
lowestNo. is displayed.
When the alarm disappears, the mesdagerains
memorised (but not the phase No.).
I—' A partial load failurehas been detectetut it no longer
l_ > > exists. Waiting for an acknowledgement.
Error
The thyristor unitontinuesto operate.
I- Supplyover-voltage
— > I 1 > This message disappears at the same time as
L LI the over-voltage.
Loadunbalance (appears aftes 9 if PLU detection
I_ | is configured.
E > '-I > This message disappears at the same time as the unbalance.

Thefirst detection of over-current Burst firing mode. The

thyristor unit is in current limit in angle variation. This alarm

— is memorised and must be acknowledged.

I I_ | (If a second detection occurs before the alarm is

E I I acknowledged, the thyristor unit operation is inhibited with
== = the failure message indication).
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Failures

The detection of the following failures causesitiigbition of operation.

The thyristor unit returns automatically to normal operation as sothe @suseof the failure
disappears(phase missing, frequency, under-voltage) or afteccknowledgementthyristor
short-circuit, over-current, external signal failure).

The messages below app&as afterthe failure has appeared (except for over-current).

« One or more supply phasesremissing
— Thesecondmessage indicates thio. of the missing phase
I > _l > (e.g.phas®). If several phases are conceroedy the
J -l lowest No.is displayed).
e Display F' '1' : theNo. 1supply phase is missiray
Thermal switch in alarm state (fan cooled units).

l- » Supplyfrequency outsidenormal operating limits

- *P-) (40 to 70 HJ

« Failure of neutral circuit in Star with neutral configuration
before 05/1997 (fuse blow-out on the power board, etc..)

—

- I Under-voltage of supplyV < 70 % of thenominal voltage.

I~ >
-l Short-circuit of thyristors in at least phase.

l- > t > I_ Thethird message indicates tho. of the phase concerned
= (e.g. phase).

l- l_ I Current thresholéxceededn Logic mode orSecondover-

l- > | > l:l current inBurst firing mode (without acknowledgement after

- the first over-current).

- « External signal returrfailure for a feedback on an external

I > I: > measurement (except in Logic mode).

I I_ « Failure of neutral circuit in Star with neutral configuration

beginning 05/1997 (fuse blow-out on the power board, etc..)

MICROPROCESSOR FAILURE

0

The display does not indica®y message or indicates
incoherent messages.

The thyristor unit operation ighibited (by the 'Watchdog')
and the driver board must be replaced.

)
T

« Microprocessor reset to zerR¢'set)
e Thyristor unit initialisation (temporary message).

[ |
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Chapter 8 ALARMS
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Chapter 8 ALARMS

The alarms used by the TC3001 thyristor unit protect the thyristors and the installation against
abnormal operation and give the useénformation on the type of failures that have occurred.

Danger !
A Alarms cannot be used to replace personnel protection.

It is the user's responsibility and it is highly recommended, given the value of the
lequipment controlled by the TC3001, to installependent safety devices which
should be checked regularly.

For this purpose, Eurotherm can supply several types of alarm detectors.

ALARM STRATEGY

TheTC3001thyristor unit alarms are entirelganaged by the microprocessoof the driver
board which retransmits its data (alarms enabled owsoty the displayon the thyristor unit
front panel andwo alarm relays.

The alarms argiven levels(see figure 8-1). The detection of a high level alennibits the
processing of lower level alarms.

The enabled state of all the alarms is indicated by the front gepddy (see pages 7-1 to
7-4) and twaalarm relays (see page 8-4).

The highestlevel alarms detect the following failures:

« absence of one or more supply phases

« over-current in Logic and Burst firing modes

« under-voltage

« abnormal supply frequency

« thyristor short-circuit

« external measurement signal failure.

« neutral failure (fuse blow-out on the power board).
The detection of one of these failures causes the thyristoppariation to be inhibited
(display F* "...").

The low level alarms (displayg" '...") monitor:
« the over-voltage
« the current unbalance
« the partial load failure
« the first over-current in Burst firing mode.
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Absence

Inhibition

!

Normal displays

of phases
Frequency outside
limits or neutral failure
Display
Under-voltage and
General
alarm
relay
Thyristor
short-circuit
External measurement
signal failure
I Logic I—'
Phase angle
Phase angle burst
Firing
mode +
| Current limit |—> Display
O, g Display and
1st Over-current General
alarm relay
Burst firing
Over-voltage .
Display
and |
General alarm
Load relay
unbalance
Display
PLF detection and
—
PLF relay

End

Figure 8-1 Alarm levels and strategy

TC3001 User Manual



Alarms

ALARM RELAYS

Two alarm relays are located on the driver board:

* the partial load failure relayPLF relay)
« the relay for all the other alarmgeneral alarm relays.

The partial load failure detection changes the state d?ltRerelay.
The detection of any other alarm changes the state getheral alarm relay.

The switchegN/O or N/C depending on the configuration) can be used to indicate the alarm
state. The switches are available on the user terminal block below the thyristor unit (terminals
51-52 and61-62).

The relay switches can be connected without opening the front door of the thyristor unit.

The alarm relay switch connections are given on Bagj2.

The switch cut-off capacity 8.25 A(250 Vacor 30 Vdg).

The switch operating voltage must never be greaterab@n/ac

The Alarm relays ardeactivatedin thealarm state or when the thyristor unitssvitched off

8-4

TC3001 User Manual



Alarms

SERIOUS ALARMS

Serious alarms detect the absence of or a significant drop in the supply voltage, over-currer
(in Logic and Burst firing modes), whether the frequency limits have been exceeded, neutra
failure in the power board in the star with neutral configuration, thyristor short-circuits and
external measurement signal failure.

These alarms are integrated %os before being handledexcept for Over-current).

Serious alarmstopthe operation of the thyristor unit lyhibiting thyristor gate pulses and
activate the general alarm relay.
Thyristor firing is stopped at the first zero current crossing.

The state of the serious alarms is indicatedldshing messagesn the front panel display
and by the general alarm relgyitch (N/O or N/C depending on the configuration).

Absence of supply phases

This alarm appears when one or more supply phases are absent.

The phase absence alarm can be activateiyly failures, byfuse blow-out, by the

opening of theircuit breakers or line contactors and also by the opening of a thyristor unit
safetythermal switch with permanent cooling (in this case dispRy '1").

The active alarm state can be seen on the display (medsdtjesd '2' or F' '3' depending
on the absent phase) and is signalled by the general alarm relay switch.

If several phases are cut adfsinglemessage is displayed with the lowest phase number of
the absent phase numbers (phhea the left,2 in the centre and on the right).

The supply phase absence alarm is not memorised and disappears as sottmessghases
arepresent The thyristor returns to normal operation automatically.

Under-voltage

The Under-voltage alarm uses the voltage between phasel? as a reference.
If the line voltage drops by ov80% in relation to the nominal value, the under-voltage
alarm is detected, which:

« inhibits the thyristor unit,

* activatesthe general alarm relay

« displays the flashing messagé'U' on the front panel display.

This alarm is not memorised and disappears as soon as the supply voltage is greater than t
set threshold. The thyristor unit is started up again automatically, if the voltage returns to ov
70% of the nominal voltage.
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Over-current

In Logic mode and iBurst firing mode (on theecondover-current only), the current limit
acts with a thyristor firingtop (‘Over-current' alarm).

If the RMS value of thenaximum current of one of the load phasasthese two modes
exceedshe current threshold allowed in the load (current threshggl) by 10%, the

thyristor unit operationis stoppedand the thyristor gate pulses awhibited. Thyristor firing

is stopped at the first zero current crossing.

The active state of the Over-current alarm in these firing modes is displayed with the flashing
messagd— 'C' b’ and with the change of state of the general alarm relay.

If the current limit is exceeded in the Phase angle, Phase angle burst and Burst firing modes
with soft start/end (or the first Over-current in Burst firing), the current limit in thyristor firing
angle variation is activated and the thyristor unit operation is not inhibited (see'Current limit").
The active state of the Over-current alarm in these firing modes is displayed with the steady
messageC'.

The current threshold ;s ) is set using the limit ' potentiometerR5) on the front panel of
the thyristor unit. The potentiometeb can operate in cascade with an external current limit
signal or with the internal voltage.

For increased efficiency, the Over-current detection circuit usessjtfeeed of the RMS load
current I2|_ to compare with the squared value ofrgulting current limit setpoint. This
setpoint is set by the position of the potentiomBteby taking into account the possible
presence of thexternal current limit signal.

Thyristor unit operation after inhibition is only possible after an akckmowledgement
(see page 8-16).

Frequency error

If the supply frequency isutsidethe normal operating limitglQto 70 Hz), the frequency
error alarm:

« activatesthe general alarm relay
« inhibits the thyristor unit
« displays the flashingnessager' 'P' on the front panel display.

This alarm is not memorised and disappears as soon as the supply frequency returns to the
normal operating limits.

8-6

TC3001 User Manual



Alarms

Neutral failure

For the correct operation of the thyristor unit is ke with neutral configuration (4 wires),
the neutral must be connected to the power boardN€hé&al user terminal block below the
thyristor unit, the neutrdlise, the resistoR5 and the jumpekK8 on the power board are
used for the connection.

In the event of a failure of this circuit or a neutral fuse blow-out only in 4 wire Star load
configurations, the Neutral failure alarm:

« activates the general alarm relay

« inhibits the thyristor unit

« displays the flashinnessage : 'F''P' before May 1997 or

'F''E' beginning May 1997

This alarm is not memorised and disappears as soon as the connection of the neutral to the
power board is restored.

Thyristor short-circuit

The short-circuit detection is active if the measured current is greatetG#anf the
calibration current (nominal load currdpty;), whenthe thyristor firing request is zero
(main setpoint at zero).

In the event of ghyristor short-circuit detection in two or three phases:
« the thyristor unit isnhibited,
« the alarm relay iactivated,
« the flashing messadge 't' is displayed
(the third character indicates thember of the phase concerned).

The thyristor short-circuit i single phasd&3 wire configuration) is considered as a load
unbalanceand activates the corresponding alarm.

The Thyristor short-circuit alarm is memorised. daactivatethis alarm and restart the
thyristor unit, the alarm must laeknowledgedor the power switched off.

External measurement signal failure

This alarm appears when thbsenceof the external measurement signal is detected if a
feedback on an external measurement is selected (c&Xhgnd E*** ') and the output
poweris not zero(alarmdeactivatedin Logic mode).

The detection of an external signal failure
« inhibits the thyristor unit,
« activatesthe general alarm relay,
« displays the messade 'E'.

The unit can be restarted after the alacknowledgement
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LOW LEVEL ALARMS

The low level alarmsglo not inhibit the thyristor unit.
The anomalies detected are displayed with a change mltheswitches and with messages
on thedisplay.

The low level alarms (except for the First over-current in Burst firing) are only &ct\adter
the corresponding failure has appeared.

Over-voltage

If the line voltage is greater than the nominal thyristor unit voltage by mor@@anthe
over-voltage alarm is detected:

« thegeneralalarm relay isctivated,
« the flashing messadg' "U' appears on the front panel display.

In the event of over-voltage, the thyristor usinot inhibited, the feedbackeepsthe value of
the feedback parameter for the given operating poinstant

If the unit returns to a voltage less tHek0% of the nominal thyristor unit voltage, the relay
returns to the non-alarm state

First over-current in Burst firing

In Burst firing mode configuredvithout soft start/end, théirst detection of a current greater
than or equal to the threshold set using the potentiomR8téaking into account he possible
existence of the external limit signal) activates the culfimitt.

The current limit has the following effect:

« the thyristor firing angle idecreasedn order keep the current less than
the current threshold

« the messag&" C''b' is displayed on the front panel display.

« the soft start ovei8 periods when the next cycle starts.

If no over-current is detected after these 8 periods, normal thyristor unit operation in Burst
firing mode is resumed.
The error message is memorised and musickeowledged(see page 8-16).

If a new over-current is detected during the start over 8 periods, the operation is stopped with a

failure message (see 'Over-current’).

8-8
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Load unbalance

If phase unbalance detection is selected (d®ldd or IPU), the TC3001 thyristor
unit load is continually controlled by the thyristor-controlled current unbalance
detection system.

The following failures can be detected @meor two phases

« failure of part or all of a load arm;

« short-circuit of the thyristors of one phase;
« open circuit of one or more thyristors;

« supply unbalance.

If the impedance of théhree loads variesn a uniform manner (e.g. the ageing of
silicon carbide components), tliannot be detectedy the unbalance detection.

To detect the load unbalance, the driver board microprocessor calculadéfetieace
between thdighestandlowest RMS currentof the three controlled currents

Al'=1Tgms.max - IRMS.MIN

A load unbalance alarm is activated (if it is selected with the jup2y, on the
following condition:

Al>0.25 Igms max

Attention !

fE The unbalance detection is disabled if the highest of the
three RMS current values is not at least equaDth
of the nominal load current.

When the alarm is activated:

« the general alarm relay deactivated
« the front panel display indicates the messayd"

The load unbalance alarm is not memoriseddisalppearsautomatically5 safter
obtaining rebalanced currents.
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Partial load failure (PLF)

The partial load failure detection circuit continuously measures

+ the RMS line-to-line load voltagég),s and
* three RMS line CUrrent%RMs, IZRMS’ I3RMS

The values measured are used to calculate the three line-to-line impedapces,s, Z3;
and to compare them with tirepedance memorisediuring thePLF adjustment.

This makes it possible to detect, on one of the phagestial failure or anincreasein the
impedance of the load (provided that the thyristor unit current is at least ed0&b tof the
nominal load current).

The partial load failure detecti@djustment consists omemorising, using thel'oad fail'
potentiometer on the front pan@4), the nominal operating conditionsafibrated voltage
and currents).
The partial load failure detectiaannotfunction if theadjustment has not beemade.
In the vent of partial load failure detection in the one of the load phases:
« the flashing message' "1, or P' '2', or P''3' is displayed on the
front panel display
(if the alarm disappears, it remains in memory except for the phase No. concerned);
e the PLF Alarm' isdeactivated.

The alarm is acknowledged if:

« the failuredisappears
« another PLRdjustment is made.

The PLF alarm can be acknowledged when the thyristor unit is inhibited.
However, the PLF alarm cannot be acknowledged if the power supply is not available
(display F" '1).

The alarm detection mdaptedfor a resistive load with constant temperature coefficient.

Thepartial load failure detection system (also called the load impedance sensor) also monitors
total load failure when one of the RMS line currents is equaéto.
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PLF detection sensitivity

The partial load failure detection is carried out using the measurementstofristor
currents and thipad voltage, which gives theLF adifferent detection level depending on
the load configuration.

The sensitivity of thé’LF detection can be described by the nuniber
maximum number of the identical elements mounted in parallel,
the failure of one of these elements activatesPibie detectioncircuit.

Table 8-1givesfor different three-phase configurations of the controlled load :
« the N number of the identical elements mounted in parallel,
when the failure of one of these elements can still be detected by PLF
« theK coefficient of increasing of load impedance after one out of N elements.

These values are given for a balanced 3 phase load at start.

Configuration Number N Coefficient K

of identical parallel elements :| Increase of

failure of one of these elements impedance
can still be detected

Star Without| The centres of all the
Neutral | load stars are not
interconnected 8 1.125
(figure 8-2)

The centres of all
the load stars are
interconnected 4 1.25
(figure 8-3)

With The centres of all
Neutral | the load stars are

interconnected 8 1.125
(figure 8-4)

Delta Closed (figure 8-5) 5 1.2
Open (figure 8-6) 6 1.167

Table 8-1 PLF detection sensitivity in the different configurations
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Figure 8-4 Star with neutral configuration. Central points of stars interconnected
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Figure 8-6 Open delta configuration

If the user requiremaximum sensitivity of the PLF detection, it is advisable to choose one of
the following configurations:

« Star with central points of stars not interconnected and not connected to the
supply neutral
« star with central points of stars interconnected and connected to the supply neutral.
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ALARM MANAGEMENT

The main characteristics of all ti€3001 thyristor unit alarm types and the states of the
alarm relays and the thyristors are given in table 8-2.

In this table:

VLINE - RMS line-to-line voltage (line voltage)

VN - nominal line voltage

7 - RMS load voltage

VN - nominal load voltage

IL - RMS load current

ILN - nominal load current

ILim - limited current (limit setpoint set with the front panel

potentiometer with or without external signal)
IMAX - the highest of the three real load RMS currents

Zij - load impedance between phasand;]
ZIN - nominal load impedance (calculated using the calibrated
voltage and currents)

K - coefficient of increase of load impedance after breaknef
out of N identical load-elements mounted in parallel

VEXT - external measurement signal
OoP - output power signal (inside thyristor unit)

f - supply frequency.
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Conditions Inhibition Display | Acknow:
Alarm Alarm ON Alarm OFF ledge
Partial 4 >KeZ N After ack- No P1 Yes
load (K depends on load nowledgement. P2
failure configuration, p. 8-11)|  disappearance P3
(VL. 230% V| N or new
and | =30% § ) adjustment
Over-currentin | | >110% | m After ack- Yes Yes
Logic or Burst f. nowledgement FCb
First I >110% | 1m Next cycle No Yes
over-current in without ECb
Burst firing over-current
Over-voltage VYine > 120% Vines 110% Wy | No EU No
Load Al > 0.25 lax Al<0.25 pax | No Ed No
unbalance (1= 10% | )
Absence Absence of After Yes F1 No
of supply synchronisation appearance F2
phases pulses F3
Under-voltage | Yine <70% W Vine270% Vy | Yes FU No
Frequency 40 Hz > f>70 Hz 40 £ <70 HZz Yes FP No
error
Thyristor L >10% | N After ack- Yes Ftl Yes
short-circuit (OP =0) knowledgement Ft2
Ft3
External meas. | ¥x1=0 After ack- Yes FE Yes
signal failure OR: 0 knowledgement
Thermal switch | Fan cooling failure After cooling
(permanent Yes F1 No
cooling only)
FP:
Neutral Neutral fuse blown on|  Reconnection|of before /97
failure neutral not connected neutral circuit Yes FE : No
begin. 5/97
Table 8-2 Alarm characteristics
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ALARM ACKNOWLEDGEMENT

The thyristor unit can only be started up again after inhibition due to memorised alarms:
« thyristor short-circuit
« over-current in Logic and in Burst firing
« external measurement failure

after an acknowledgement.

The information of all the alarms which require acknowledgement is given in table 8-2
(page 8-15).

To acknowledge the alarms, it is possible to:
« switch off the electronic power supply of the driver board,
« connect terminall (‘Acknowledgé) on the driver board to terminaé ('+10 V')

« apply a+10 V external signal to termindll (‘Acknowledge).

Alarms can only be acknowledged using termitfalvhen the voltage between phases 1 and 2 is
not available (display" 1').

ThePLF alarm can be acknowledged witmew adjustment(see page 6-16).
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Chapter 9 MAINTENANCE

Danger !

A The thyristor unit must be maintained by qualified personnel only

THYRISTOR PROTECTION

The thyristors of the TC3001 series thyristor units are protected as follows:

« theinternal high speed fuse against significant over-currents
(e.g. short-circuit)

« the RC snubber and the varistor against too fast voltage variations
and transient over-voltages when the thyristors are not firing.

« the thermal switch (in the event of accidental overheating of the cooler
the thermal switch opens, which causes the thyristor firing to be stopped).

FUSES

Thyristor protection fuses

The standard version of TC3001 series power thyristor units is supplied with high speed
fuses mounted on the line busbar.

Danger!

High speed fuses are only used for the internal protecfithyristors against
A wide amplitude over-loads. These high speed fuses may under no circumstances

be used t@rotect the installation.

The user's installatiomust be protected upstream(non-high speed fuses,
thermal or electromagnetic circuit breaker, suitable fuse-isolator)
and comply with current standards.
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Table 9-1 contains all the part numbers of the original internal fuses (when the thyristor unit
leaves the factory) and the fuses which can be used for replacements during maintenance.

Nominal Nominal current High speed fuse Part Number
Voltage
Th. unit | Fuse EUROTHERM FERRAZ BUSSMANN
25A 50 A LA172468U050 S300373 170M3459
40 A 80 A LA172468U080 S300051 170M3461
60 A 80 A LA172468U080 S300051 170M3461
75 A 100 A LA172468U100 T300052 170M3462
g 100A| 125A LA172468U125 V300053 170M3463
B 150A| 200 A LA172468U200 X300055 170M3465
*3 250 A| 315A LA172468U315 Q300003 170M4460
> 300A | 400 A LA172468U400 H300065 170M5458
400 A| 500 A LA172468U500 K300067 170M5460
500A| 630A LA172468U630 M300069 170M5462
25A 400 A LA172468U400 H300065 170M5458
40 A " " " "
> 60 A " " " "
S 75 A " " " "
(o]
= 100 A " " " "
2 150 A " " " "
3 250A| " " " "
300 A " " " "
400 A | 500 A LA172468U500 K300067 170M5460
500 A| 630A LA172468U630 M300069 170M5462

Table 9-1 Recommended high speed fuses for thyristor protection

ﬁ Attention !

The use of any fusegher than those recommended for thyristor protection
invalidates the thyristor unit guarantee
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Fuse blown indication micro-switch

As an option, high speed fuses may be equipped with a fuse blown indication micro-switch
(FUMS option) with the part No.:

for BUSSMANN fuses:

EUROTHERM DC172267 or FERRAZ P96015 or BUSSMANN 170H0069
for FERRAZ fuses:

EUROTHERM DC172997 or FERRAZ G310 000

To ensure improved isolation between the cabling of the micro-switch terminals and the power
and the cover, TC3001 power thyristor units are supplied with three "flag" type lugs and
isolating sleeves.

Each external terminal of the fuse blown indication micro-switch must be cabled with a "flag"
lug and an isolating sleeve in compliance with figure 9-1.

Line
busb Sleeve
usbar a~
<) [
Fuse 4 \
~ -
=) =)
O -7 Fi
. ange
&~
v 0
EDV A\
Break-make
micro-switch
O
1
Common 4 | NO contact
2 NC contact

Figure 9-1 Use of "flag" lugs and isolating sleeves to observe isolating distances.
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Auxiliary voltage connection protection fuses

One fuse (phase - neutral connection) or two fuses (phase to phase connection) must prot
the auxiliary voltage connection (see figure 3-6, page 3-10 'Cabling' chapter).

Auxiliary Fuse Fuse-isolator support Assembly
voltage | Rating | Dimensions Part number | Dimension | Part Rl Part N°
(max) (mm) (mm)

500V 1A | 6.3x32 CS174289U1A0 63 x15x52 CP174293 LA1760p8

Table 9-2 Recommended fuse for auxiliary voltage connection protection

Neutral connection protection fuse

A neutral connection protection fuse is mounted on the power board in the Star with
neutral configuration K1 on figures 4-1 and 4-2, pages 4-3 and 4-4).

Thyristor unit Fuse

operating rating Dimensions Eurotherm
voltage Part No.

Upto 690V 16 A 6.3 x 32 mm CS173676

Table 9-3 Recommended fuse for neutral connection protection
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SERVICING

TC3001 thyristor units must be mounted with the heatsink positioned vertically and with
no obstructions either above or below which could block the passage of the ventilation air.

Attention !
f} If multiple units are installed in the same cabinet, they should be
arranged in such a way that the air expelled by onecanitot
be admittedinto the unit located above it.

In order to ensure correct cooling of the unit, users are advistebto the heatsink
and the protective grillof the fans regularly according to the degree of
environmental pollution.

Danger !
A Everysix months check that the screws of the power cables and
safety earth argghtened correctly (see "Cabling", page 3-3).
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TOOLS
Operation Flat screw- | Wrench Electrical
driver equipment
(mm)
Fixing Depending on
M8 screw heads
selected by the
customer
Opening (closing) CHc M5
of front door
Safety earth connection HEX for M10
HEX for M12
Power connection HEX for M8
(supply side) (25t0 250 A)
and fuse change HEX for M10
(300 to 500 A)
Load connection HEX for M10
(25to 250 A)
HEX for M12
(300 to 500 A)
Cable clamp tightening 0.5x3.5
Control and auxiliary power
supply voltage connection 0.5x35
Board fixing 0.8x5.5 For M4 nut
Commissioning and calibration 0.4 x 2.5 Ammeter or RM$
current clamp mete
Oscilloscope
(recommended)
EUROTHERM
type 260 diagnostic
unit (recommended

Table 9-4 Tools
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