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RENEWAL PARTS

Name Code Part No. Qty.
Control Board SAFT 185 TBC 58119687 505757 1
Power Supply SAMC 11 POW 57171847 104750 1
Interface Board SAFT 19 INF 57401389 110972 1
Interface Board SAFT 181 INF 58116076 505758 1
Pulse Amp Board SAMT 11 PAC 57211369 107392 1
Measuring Card SAFT 183 VMC 58115479 505760 1
Fan 09857931 503211 1
Circuit Breaker 35044931 504489 1
Capacitor 09833153 505761 3
Name Code Part No. kVA
290 | 460 | 730 | 340 | 540 | 870
Choke 57433124 504497 1
Choke 57436603 504532 1
Choke 57423439 505840 1 1
Choke 57421355 504500 1 1
SCR Thyristor 35077065 505841 3
SCR Thyristor 09802011 505842 3 3 3 3
SCR Thyristor 10000556 505843 3
Thermostat 35046852 503459 1 1
Thermostat 35044582 104743 1 1 1 1
Resistor 09827323 505846 1 1 1 1
Resistor 09827315 505845 1 1
Name Part No.
48 volt Power Supply 3.9A 131091
TBU Rack with Boards 505411
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1. General information
Thyristor braking unit ( TBU ) is a new module used instead of

line converting unit ( LCU ) or line generating unit ( LGU ), in
applications where regeneration of power is required.

Standard units available are:

SAFUX 250F380(415) SAFUX 290F460
400F380(415) 460F460
630F380(415) 730F460

1000F380(415) 1150F460
1600F380(415) 1800F460

SAFUX 315F500
500F500
800F500

1250F500
2000F500

SAFUX 400F660
630F660
1000F660
1600F660
2500F660

2. Design

2.1 Main circuit diagrams

Main circuit diagrams in appendix 11 and 12 and control circuit

diagram in appendix 10.:

SAFUX 340F575
540F575
870F575

1400F575
2100F575
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2.2 Main circuit
TBU includes:

- regenerative thyristor bridge:
= 12 "hockey pock" thyristors ( 400-2500kVA ) or
6 thyristor modules ( 250-400 kVA )
- 6 RC-snubbers
- thermostatic switch
- cooling elements; 2 bottom elements and 12 topping
elements or only 2 bottom elements ( with thyristor
modules )
- filtering choke ( in the small units included to the
module, but in bigger units a separate module )
in some applications filtering choke is not required
( check DIMENSIONING INSTRUCTIONS FOR SAFUX THYRISTOR
BRAKING UNITS ).
- circuit cards:

- SAMT 11

- SAFT 183 VMC
- SAFT 185 TBC
= SAFT 19 INF
- SAFT 181 INF
- SAMC 11 POW
- SAFT 182 MOB

part of the mechanical construction
part of the mechanical construction
assembled to a card rack
assembled to a card rack
assembled to a card rack
assembled to a card rack
mother card in the rack

Ve We “e Ne we e S~

2.3 Pulse amplifier card SAMT 11

Main purpose of pulse amplifier card is to construct galvanicly
isolated gate pulses to the thyristors from the control card
logical level signals. -
Gate current is continuous as long as logical ON®signal is
active; in the beginning of the gate pulse a short spike to turn
on the thyristor as fast as possible.

25V 35kHe power from the power supply card SAMC 11 POW.
Scaling of the.ac-line voltage and current measurements is done

on the pulse amplifier card from where they go to SAMC 19 INF
card.
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2.4 Power supply card

Operation of the power supply card is based on push-pull
princible. Input voltage 30...55VAG. Output voltages +12W, -12W,
+5Vg OV - to the control electronics and 25V 35kHz to the pulse
amplifier.

Rated power of the power supply is 80W ( 48V 1.7A ).

2.5 Control card SAFT 185 TBC
Main purpose of this card is to calculate firing orders to the
thyristors based on:

- current discontinuity signal HOLEy

- synchronizing information from line voltage USYN

- DC-voltage

Important signals:

- FLT r summary of fault signals
- NETFr netfail signal

Self diagnostics:

- checks all components on the card and turns on the
LED orA the board if a fault is detected:

Block diagram of the card in figure 1.

2.6 Interface card SAMC 19 INF

Card is connected to the card rack and to the mother card SAFT
182 MOB. Also a connection with ribbon cable to control- and
pulse amplifier cards.
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Main functions:

- forms synchronizing signals ( 6*F-signal )

- netfail indication

- forms the current discontinuity signal

- frequency reference selection

= STOP-START signal

- phase locked loop for the synchronizing signal
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Figure 1. Block diagram
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2.7 Interface card SAFT 181 INF

This is the interface card through which control card has
connections to different modules. Signals 'to the card:

- DC-voltage information from SAFT 183 VMC

- inverter RUN signal

= overtemperature or fan motor stopped indication
+24V from the contactor unit

Possibility to add:

- RESET switch/button for internal faults
- indication light for fault

2.8 Measuring card SAFT 183 VMC

Card measures DC-voltage and scales it ( S5Vdc output = rated
DC-voltage ). Output signal is also isolated from the DC-bus
potential.

3. Operation

3.1 Main circuit operation

Regenerative bridge is build from 2-way 6-pulse thyristor
bridges. Bridge that takes care of power“~flow from AC-line to the
DC-bus is called motoring bridge. Bridge that takes care of power
flow from DC-bus to the AC-line is called regenerating bridge.
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Control angle of the motoring bridge is approximately 0 when
power to the DC-bus is above 50% of rated ( operates like a dicde
bridge ).

When load is below 50% and current starts to change from
continuous to discontinuous control angle will be changed to
0...65 degrees, which will cause the DC-voltage to decrease to
90% of rated.

o o
If discontinuous current period exceeds the limit ( 14...32 )
pulses from the motoring bridge will be removed and two of the
regenerating bridge thyristors will be turned on with control
angle of 177.6 degrees and after this two thyristors will be
turned on with 161 degrees control angle. After this, if current
starts to flow, only one thyristor is turned on at a time with
control angle of 155 degrees. If current still doesn't flow after
this two thyristors will be turned on with control angle Of
155...180 degrees depending from the length of "holes" in the
current. If lenght of "hole" in the current still exceeds 10
degrees, pulses from the regenerating bridge will be removed and
two motoring bridge thyristors will be turned on with 48 degrees
control angle.

Both bridges are line commutated:
o)
- each thyristor has a limited 180 ON-period
- ac-line voltage is used for commuation
= ON-cycle of one thyristor is 120 degrees
- commutation every 60 degrees

~.

Firing table of the motoring bridge thyristors in figure 2.
Firing table of the regenerating bridge thyristors in figure 3.
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Figure 2. Firiﬁg table of the motoring bridge thyristor
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Both bridges have six common RC-snubbers. For example U-phase
upper leg thyristors of both bridges have the same snubber.
Snubber circuit is used to protect the bridge from voltage spikes
in the AC-line and from voltage spikes caused by the reverse
current of the thyristors.

3.2 Precharging of the DC-bus

When 48 voltage is connected to power supply card TBU will start
operating:

- internal test o
- precharge mode: a/ constant angle ( 26 ) precharge
with additional precharge circuit
b/ control angle is changed from 111
to 26 degrees; no additional pre-
charge circuit reguired

a. additional precharge circuit used ( jumper S3 a-c on SAFT 181
INF card ):

- precharge is done through precharge resistors and
controlled by the contactor unit logic

- when 85% of the rated DC-voltage is exceeded control
is swithched to normal operation mode ( motoring bridge
thyristors are turned on first )

b. no additional precharge circuits used ( jumper S3 a-b on SAFT
181 INF card ):
o

- motoring bridge control angle first 111 and will be
decreased when DC-voltage level increases; angle is not
changed if voltage level doesn't increase. When 85% of
the rated value is reached bridge operation will be
changed to normal mode.

After short line voltagé dips or interrupts, which don't cause
lower than 90% of the rated levels in the DC-voltage, TBU will
start without using precharge mode. '

If signal UCC3 ( inverter RUN signal ) goes to zéra, bridge
control will be changed to precharge mode ( 50 degrees control
angle ) and it will stay there as long as UCC3 is zero.
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TO PREVENT DC-BUS FUSE DESTRUCTION:z

UCC3 START SIGNAL ( UCC3 = HIGH ) MUST BE FIRST SENT
TO THE THYRISTOR BRAKING UNIT AND AFTER MINIMUM OF TWO
SECOND DELAY TO THE INVERTER UNIT.

UCC3 STOP SIGNAL ( UCC3 = LOW ) MUST BE FIRST SENT TO
THE INVERTER UNIT AND AFTER MINIMUM OF TWO SECOND DELAY
TO THYRISTOR BRAKING UNIT.

S b G o b b b = G G g
0 0 tm e te G e e s 0 g—

3.3 Fault situations

a. thermostat switch or protection relay of the fan motor opens
the current loop connected to the interface card SAFT 181 INF
from where information goes to control card SAFT 185 TBC:

- if fault happens when motoring, gate pulses are turned off
and bridge will be closed

- if fault happens when generating, gate pulses can't be
turned off before current becomes discontinuous

~.

In a case of a fault LED on the SAFT 181 INB card will be ON:
and also the light on the door will be on ( optional ). This
fault doesn't need RESET; when fault is removed TBU will start
automatically through the precharge routine.
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b. internal faults in TBU:

Table 1. Internal faults in TBU

fault explanation of the fault
number
1 timing error in the bridge change
2 EPROM fault ( D2, SAFT 185 TBC )
5 RAM fault ( D5, SAFT 185 TBC )
7 Error in counter operation ( D3, SAFT 185 TBC )
11 A/D-converter fault ( D16, SAFT 185 TBC )
12 synchronizing error
13 too big a change in the control angle during two
successive 60 degree cycles
14 program isn't synchronized with 6*F-signal
15 firing interrupt missing ( D3, SAFT 185 TBC )

Control of the bridge follows the same procedure as during
an external fault.

LED on the control card will be blinking during an internal
fault; first 2 second interval when LED is OFF and after that
LED will turn ON as many times as the fault number in the
table 1 indicates ( interval = 0.3sec ). Also the light on the
cabinet door will be blinking ( optiocnal ).

These faults need an external RESET or control power has to be
cycled. ~.

Power supply fault.

If error in the operation of the power supply card the LED on
the card will turn OFH® and operation of both bridges will be
inhibited. If error disappeares control card program will
start with initialization routine. o
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error in phase locked loop

If phase locked loop can't synchronize to the AC-line (¢ phase
error above 8 degrees ) operation on motoring side will be
stopped immediately and on regenerating side after current
becomes discontinuous. Program starts with initialization
routine.

fault in the main AC-voltage

Netfaul® indication is done on SAFT 19 INF interface card:

- motoring bridge ON: change to generating bridge is
inhibited and if fault doesn't disappeare motoring
bridge will be turned OFF °

- generating bridge ON: control continues in a normal way
if current is continuous. If line voltage doesn't recover
DC-fuses will be destroyed. If line voltage recovers
before fuses are destroyed control will turn the bridge
OFF.

- generating bridge ON: if current doesn't flow pulses to
the generating bridge will be removed. If line voltage
doesn't recover within 100-200 usec bridge will be turned
OFF.

After bridge is turned OFF control will monitor the line
voltage and after the voltage recovers the motoring bridge
will be turned ON either through the precharge routine or
directly depending from the DC-voltage level.
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3.4 Operation of control system

TBU control measures U- and V- phase currents and forms a HOLE
signal from these two; if phase current is below 1.8% of rated
current transformer value signal HOLE will be "1% and if above
signal will be "oO¥.

Synchronizing signal F is formed on the pulse amplifiem card from
the secondary voltages of three phase synchronizing transformer.
From this signal F interface card SAMC 19 INF forms the 6%F
signal, which is used to synchronize thyristor firing pulses to
the AC-line frequency.

TBU control measures also DC-voltage; this measurement is used
during precharge and to control that voltage doesn't decrease
below critical values.

o
Main control program is cycled once during every 60 conduction
cycle; during this conduction cycle HOLE signal is checked 26
times. Based on the number of HOLE signal zero states TBU control
will calculate the actual DC-voltage value and also the new
reference value. By using old reference and measured values a new
control angle is calculated based on digital PI-control
alcorithnm.

On the motoring side DC-voltage reference is approximately 90% of
the rated when load current is below 50% of TBU rated current; to
achieve this with light load control angle must be between 0 and
60 degrees. When load currentﬂgxceeds 50% on the motoring side
output voltage reference will be changed to 100§.

On the regenerating side voltage reference will be 90% regardless
of the load current. Control angle will be between 155 and 180
degrees depending of the load. On the generator mode discon-
tinuous current will cause oscillations “to the DC-bus. AC-line
inductance value must be checked in each application to be sure
that 25 degrees commutation margin is not exceeded.

TBU PI-control values can't be changed. P-gain is set to
approximately one; 10% voltage difference will cause a 10% change
to the control system. I-gain is set to 0.5 seconds. Fast changes
( load steps faster than 300msec ) cause vibration to the
DC-voltage; if rated motor torque is reversed within less than
200msec it will cause a spike to the motor torque and a
compensating pulse to the ac-line. Operation of TBU is ideal when
changes in the load don't happen faster than 0.5...1.0 seconds.
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BRIDGE CHANGE FROM MOTORING TO REGENERATING:

load torque from +100% to -100% within 100msec

- UDC = bridge output voltage (v
- UC = capacitor bank voltage (V]
- ID = TBU dc-current [(A]
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Simulation of the
motoring bridge

APPENDIX 3

SAFUX 1000F660:
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OPERATION ON MOTORING MODE (POWER FLOW FROM AC TO DC; P = 883kW)
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SAFUX 1000F66b:
AC-LINE CURRENT: IR [A]
1,200 ,
1 080 /\ /Pt A A
PR \ / \/
' (/
SO0
A’.‘i ‘;! =]
= [ 11‘
-SO0 { {
-1,009 /\ } N
“ NI \VA,
-1,590 : T ] ] )
0 ) 10 1S ) N 35 & as

OPERATION ON MOTORING MODE ( ACTIVE POWER 883 kW )
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SAFUX 1000F660:

OPERATION ON MOTORING MODE (POWER FLOW FROM AC TO DC) :
o
= CONTROL ANGLE O
- ACTIVE POWER P = 883kW
- DISTORTION FACTOR OF CURRENT = 30.4%
- POWER FACTOR = 0.9875
- LAMDA = P/S = 0.9461
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Simulation of the
generating bridge

APPENDIX 6

SAFUX 1000F660:
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OPERATION ON REGENERATION MODE (POWER FLOW FROM DC TO AC P=816kW)
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SAFUX 1000F660:
AC-LINE CURRENT: IR [A]
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OPERATION IN REGENERATION MODE (POWER FLOW FROM DC TO AC P=816kW)
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SAFUX 1000F660: SPECTRUM OF AC-PHASE CURRENT
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OPERATION IN REGENERATION MODE (POWER FLOW FROM DC TO AC P=816kW)

CURRENT DISTORTION FACTOR = 35.8%_
POWER FACTOR = -0.9279 '
LAMDA = P/S = -0.8665

CONTROL ANGLE = 155 DEGREES
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torque step on the
motoring mode
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CURRENTS AND VOLTAGE AS A FUNCTION OF TIME

— UDC

RO 30 {el2) 120

40

OPERATION ON MOTORING MODE:

50msec
S00msec

- torque step: +50%

- step rise time
- integration time:
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6 PULSE DIODE BRIDGE OPERATION:

il v2A vAA

400

VAR S A ve A\

Figure 1. 6-pulse diode bridge

In figure 2 is an example of the 6-pulse diode bridge operation.

UDC(average) = 1.35 * UAC(main voltage RMS);
for example for 460VAC dc-voltage is 621VDC.

Always the diodes with positive cathode to anode voltage are ON.
In figure 2 are also the conduction sequence of diodes.

.35 X 575 =77¢ vDC
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Figure 2. 6-pulse Diocde bridge operation
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2-WAY 6-PULSE THYRISTOR BRIDGE OPERATION:

L —_—
L L L _
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1" n 3
U — —
= = el S L
S vy Y= ve ,KwsP = v Kk wn cs
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Figure 3. 2-way 6-pulse thyristor bridge

In figure 4 is an example of 2-way 6-pulse thyristor bridge when
power flow is from AC-line to the DC-bus. In figure 4 the
commutation angles have been ignored to make the operation of the
bridge simple. By controlling the control angle of the thyristors
it's possible to control the DC-bus level.

In figure 5 is an example of 2-way 6-pulse thyristor bridge when
power flow is from DC-bus to the AC-line. Also in this figure
commutation angles have been ignored.
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Figure 4. 2-way 6-pulse thyristor bridge operation
( power from AC to DC )
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Figure 4. 2-way 6-pulse thyristor bridge operation
( power from DC to AC )
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THYRISTOR BRIDGE COMMUTATION:

commuration

::+ﬁ-‘w' anale
I ;*tl‘!wﬂndidﬂ-ﬂa-"\
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o

.

&)

\ *

a
5 S ¥ i&aﬂz?
VItVE = | |+ VI kvg on XX | Hkwky
oN e Vi,vE & V6 oN il e

- during commutation of thyristors V5 and V6 notches in
AC-line voltage:

/

Us + UT
UR = UT = =—cce=- ™~
2
- during commutation DC-voltage is:
Us + UT
UDC = UR = —====e--
.2
u = commutation angle
----= = current before commutation
***** = current after commutation
w-RmRe -

commutation current/

Figure 6. 2-way 6-pulse thyristor bridge commutation
( power from AC to DC )
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Commutation time depends from the line inductance and line
voltage:

U = L*(di/dt)

Voltage for example in figure 6 was UST and inductance is two
times one phase inductance of the AC-line ( cables and
transformers included ). Commutation is over when commutation
current equals the DC load current ("old" thyristor" will turn
OFF ).

If AC-line inductance exceeds allowed limits, current doesn't
reach locad current level before commutation voltage ( UST in
figure 6 ) turns negative and the "old" thyristor doesn't turn
OFF and as a result DC-fuses will be lost,
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l. General

The task of the contrel board of the TBU ( thyristor braking
bridge ) is to control the thyristors so that the DC-veoltage
remains at the reference value.

In the figure 1 is the block diagram of the TBU.

|
[l -
~ =
SAMC 19 v

e | “‘ ™

UEw
[-¥4 e
Hotar/
9encerotor
chang rover
]
ACTUAL
@nt:sul » Pulse -
:. .......... Y ENCE amplitier
1 I
! ' ’
Nt
: .ﬂ.[—" f : .
L Y ]
- - o
r -—— e e S
< [, !
—H Aok
!
: nternal 0
L ~a

The control is built from digital blocks:

- PI-controller

- integrator with a level limitation controller
motor/generator switch logic

internal DC-voltage supervision

The control of the thyristor bridge is synchronized to the
AC-line via a three phase voltage transformer. This synchronizing
transformer is connected to the pulse amplifier board SAMT 11,
where the the sychronizing voltage USYN§ is formed. This USYN
signal is used on the interface board SAMC 19 INF to from a
signal 6*F ( six times the frequency of the AC-line. SAMC 185
Circuit diagram page 2(1-4) X3.10 ) used to determine the right
firing instant of the thyristors.
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The AC-curren® to/from the bridge is measured by two current
transformers which are connected to the pulse amplifier board
SAMT 11. On the SAMT 11 the current is rectified and transfered
to the interface board SAMC 19 INF, where the conducting state
information HOLER ( SAMC 185 TBC page 2(1-4) X3.1l1 ) of the
current is formed. The angle of the thyristors is formed
according to this HOLE-signal.

In the figure 1 the PI-controller ( block A ) changes the firing
angle according to the transit time of the current. The reference
to the PI-block is the relative DC-voltage calculated based on
the HOLE-signal. The reference value is formed from the
HOLE-signal by the integrator and the level limitation controller
( block B ).

The internal DC-voltage supervision block takes part to the
centrol during the precharge of the capacitors and when the
voltage goes below the normal value.

The motor/generator switch logic operation is based to the
transit time of the current:

= full load ( continuous nominal current ) at the
motoring side will cause the firing angle to slide to 155
degrees

- when the current goes below 50% form the nominal
the DC-voltage reference of the bridge will be reduced
to approximately 90% from the nominal value to make
the possible change to the generator side as smooth
as possible

- when the bridge is used at the generator side it's
controlled so that the DC-voltage is 5...10% below
the nominal value so as to be sure that there's enough
time for the commutations ; according to this limitation
it's obvious that it can't compensate the changes in
the AC-line voltage during the generator period

During the precharge of the capacitors the bridge can be
controlled with a 50 degrees fixed control angle ; this is used
only when the precharge resistors are present. By the switch S3
on the SAFT 181 INF board it's possible to select also a mode
where the firing angle is slowly changed from 111 degrees to 50
degrees; in this case the whole precharge circuit is unnecessary.
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2. Input- and output signals

2.1 Input signals
Only the signals in the following lists are used.
/ = inverse of the signal

Signal 185TBC Page Explanation

/USYN X3.7 2 Signal syncronized to the AC-line frequency
6*F X3.10 2 Six times the syncronizing signal frequency
/NETF X3.8 1 Discontinuity in the AC-voltage
/RESET XB.6c 1 Reset to the microprocessor from the power
supply
LOCK X3.9 1 Phase difference between the AC-line

frequency and the syncronizing signal. The
zero pulse width of the LOCK signal is equal
to the phase difference.

The actual synchronizing signal is formed on
the SAMC 19 INF interface board by a phase
locked circuit from the /USYN signal ; the
purpose of the phase locked circuit is to
inhibit the short term notches to have any
effect to the final synchronizinf signal

HOLE X3.11 2 current informartion, 0 = current flows, 1 =
no current
FLT X3.12 1 outside fault indication. Can be used also as

a reset to the internal faults

/Ucc3 X3.17 2 RUN-information from outside (from the 1352);
0 = STOP, 1 = RUN. The STOP-command locks the
firing angle to 50 degrees and inhibits the
change to the generator mode. During the
STOP-mode it's prohibited to locad the
capacitor bank not to lower the DC-voltage
level.
The START-information: to the control board
must precede the actual start of the drives
( 2...3 seec delay from the START-information
to the actual start is a must ). If the
delay is too short the collapse of the
DC-level can cause the fuses to blow up..
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Signal 185TBC Page

ADTE XA.10c 3
uc X3.14 3
/FLTA2 XB.6a 4

2.2 Output signals

Signal 185TBC Page

REFS X3.16 3
Vi... 4
vé

ViM... 4
VeM

Vil... .4
v1ie

V11iM... 4
V1ieM

FLTD XA.28c 4

Explanation

The selection between the two precharge
types:

+ 5V = constant 50 degrees angle. Precharge
circuit needed.

OV = the control angle is reduced starting
from 111 degrees according to the level of
the DC-bus. Precharge circuit not needed

DC-voltage measurement; +5V = nominal voltage

Control power fault from the power supply
( same as /RESET )

Explanation

+2.5 V reference voltage to the SAMC 19 INF
board
Contorl signals to the motoring bridge

Contorl signals to the motoring bridge

Contorl signals to the generating bridge

Contorl signals to the generating bridge
Internal fault signal to the board SAFT 181
INF. This signal will blink the light at the
door as well as the led Vi on the control

board ( SAFT 185 TBC page 1(1-4)
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3. SAFT 185 TBC operational block diagram/components
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Figure 2. The block diagram of the control board
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Compeonent Explanation

D1 8-bit INTEL-uP 8085 with a 3,072MHz internal
clock frequency ( 6,144MHz crystal )

D2 8 kByte EPROM-memory

D3 Programmable counter; three 16-bit counters

with individual clock-input, enable-input and
output. Each down-counter can be programmed to
six different modes. A pulse can be detected at
the output when the counter reaches zero
D4 Programmable interruption-circuit; 8 possible
interrupt signals to the microprosessor.
Interrupt signal wired to the INTR-input of the
uP the priority of which is lower than the others
D5 Programmable interface circuit with two 8 bit
and one 6 bit input/output port. 256 byte RAM and
a 14 bit programmable counter

D16 8 bit A/D-converter; input range 0...+10 VDC.
Conversion time 3 us

D21 Analog multiplekser for the A/D-coverter input

D17 Phase locked loop; forms a clock frequency 0OSC

that is 512 times the 6*F frequency. This signal
is synchronized to the AC-line frequency; 50Hz
AC-line frequency equals 153.6kHz. This clock
frequency is used by the D3 to the timing of the
thyristor firing .

4. The clock signal in the firing counter

The firing angle is loaded to the firing counter D3 ( Lo ).
Timing is selected so that 512 equals 60 degrees. Clock signal is
formed by a phase locked loop D17 and the counter DS according to
the figure 3. '
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Figure 3. The clock signal 0SC

The inputs to the phase detector D17 are 6*F ( 6*AC-line
frequency ) and the output of the voltage controlled oscillator
VCO divided by 512.

The output of the phase detector depends from the phase
difference of the input signals. If there is a change in the
AC-line frequency also the phase difference and the output of the
phase detector will change. Because of the change also the output
of the VCO will change and as a result the phase difference will
move towards zero.

The output from the VCO is 3072 times the AC-line frequency and
because of the phase detection the firing time is always accurate
even with a changing AC-line frequency.
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5. Firing logic

D3 ( LO ) is used as the firing counter ( at the generator side
also L1 ). D3 counts the 0SC clock pulses. The enable input of D3
is controlled by the D-flip-flop D11 output CNTEN. CNTEN changes
to high state on the rising edge of 6*F-signal. When CNTEN goes
up the counter LO starts to count towards zero. When LO reaches
zero its output /FIRP goes to zero for a period of one clock
cycle and at the same time CNTEN is reseted. /FIRP is connected
to the uP input RST7.5, the priority of which is the highest from
the maskable interrupt inputs. This RST7.5 normally causes the
firing of the thyristors and the calculation of new firing
pulses.

In the interrupt service program the uP writes the new firing
orders to the D5 output ports A and B ( A is for motor- and B for
generator side ). Comparators A4...A6 accomplish the level
transformation from +5V to +12V. Finallu the hybride circuits as
and A9 transfer the firing orders to the pulse amplifier board.

T2V

Figure 4. Hybride circuit A8-9 one phase diagram
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Signal /FLTA2 inhibits the firing of the thyristors if the
control power voltage levels aren't within the normal limits.

The motoring side firings are normally timed by the D3 counter
LO, but after the change of the control side the next firing will
be done on the rising edge of the signal 6*F.

The number corresponding the firing angle will be between
10...502 ( 1,2...58.8 degrees ). By changing the starting number
the angle can be changed by approximately 60 degrees. Additional
to this also different control areas are used:

- area O0: -30...+30 degrees motor
+150...+210 degrees generator

- area 1: +30...+90 degrees motor

- area 2: +90...+150 degrees motor

Dividing the areas is a result of timing of the 6*F signal with
the AC-line fregquency. Changing the area means that in the table
of conducting thyristors a jump up or down has to be done.

In the motor side two thyristors are always fired; in the
generator side things aren't so simple. In the generator side the
.first firing interruption of each conduction cycle is given by
the D3 counter L1, which is connected to the interrupt controller
D4. In the first generator side firing after the change of the
bridge two thristors are fired with the angle of 180 degrees. In
the second firing only one thyristor is fired with the angle of
161 degrees. In the third firing and the firings after that one
thyristor is fired with the angle of 155 degrees.

If the current stops flowing during the conduction cycle all the
thyristors are turned off. In this case turning on one thyristor
doesn't turn the bridge to the conductive state. Angle 155...180
degrees is loaded to the counter LO depending on the locad. Two
thyristors are turned on with this angle ( one of the thyristors
was the one turned on before ). If the current is continuous
commutation will happen when one thyristor is turned on with 155
degrees angle; commutation margin will be 25 degrees. If the
current is uncontinuous the current will start flowing only after
two thyristors are turned on.



Allen-Bradley/Stromberg SAFT 185 TBC Page 11(18)
R.Ahola
10~-24-88

When the locad current decreases it's important to increase the
firing angle towards 180 degrees to inhibit the voltage to go
lower. By turning on one thyristor before insures the commutation
margin to be 25 degrees independent from the load.

The counter L2 of the circuit D3 is programmed to give a
interruption 20 times during 60 degrees. After each interruption
the signal HOLE is checked and according to the value in this
counter either the current- or hole counter is increased by cne.
By this way it's easy to define the transit time of the
uncontinuous current. According to this transit time the relative
voltage of the bridge can be calculated and the control angle can
be adjusted to the right value.

6. The principles of analog signal connections

A/D-converter D16 is a 8 bit converter, the conversion time of
which is 3 usec. Input range is 0...+10 V corresponding to values
0...255 in the program. The converter is triggered by a write
pulse /WR. /CSAD is the selection signal for the converter and
must be zero when writing to or reading from the converter. When
reading the converter the address lines A0 and Al are used the
following way:

- AO: 0 = the status of the converter
1 = the conversion result
- Al: 0 = the conversion result as a two's complement
( not used )
1 = the conversion result as a binary number ( used )

The signal to be measured is selected by the analog multiplekser
D21. The channel is selected by the addresses AMUXO0...AMUX2 from
the circuit D5. Only the signals ADTE and UC are measured in the
program. The signal ADTE is measured only once after the control
powers are turned on. If ADTE is +5V, the constant angle
precharge is selected ( 50 degrees ). If ADTE is 0V, the control
angle is reduced according to the UC value starting from 111
degrees.
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DC-voltage information is used only during the Precharge and
during line interruptions. During a normal situation the voltage
measurement is not used and the bridge won't cdmpensate the shirf-
of the DC-voltage caused by the changes in the AC-line.

7. Operation in fault situations
Two kind of faults are possible, internal- and external faults.
External faults:

- FLT; external fault input

=/NETF; interruption in the AC-supply voltage

= too large phase difference in the LOCK signal

Internal faults:

- damage of components
- internal loss of synchronism

7.1 Internal faults

Internal faults cause the led V1 to blink; also the signal FLTD
will change the state with the same frequency as led V1. FLTD
will turn the light on the TBU door on and off.

Fault codes are 1...15. In the case of a fault V1 will blink with
0.3 second intervals as many times as the fault code requires and
after that it will have a 2 second pause and repeat the same
cycle again.
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Fault code Explanation

1 Timing error in the change of the bridge.
In the motor mode this occures if during the
starting period of the bridge the first firing
interruption doesn't take place within a certain
time after the program has synchronized to the
AC-line. This same thing can happen during the
change of bridges from generator- to the motor
bridge.
After changing to the generator bridge the program
checks if the synchronism is still correct
compared to the 6*F signal; if the synchronism
is lost the indication will be a timing error.

5 The RAM-memory of the circuit DS has failed. The
operation will be checked only once during the
connection of the control powers.

7 Counter D3 doesn't work correctly. The operation
will be checked only once during the connection of
the control powers ( all the three counters will
be checked )

11 A/D-converter doesn't work correctly

12 Fault in the synchronizing procedure. When the
signals /USYN and 6*F are high at the same time
the program will calculate the right thyristors
according to the control angle. If the thyristors
calculated don't match with the ones picked up
from the conduction order _table a fault will

" turn on.

13 Too large change of the contorl angle between two
successive 60 degrees cycles

14 Fault in in synchronizing procedure. After
.changing the control area the thyristors will be
‘turned on on the rising edge of 6*F. The "area
change inquiry" flag will be reseted immediately.
If the flag is for some reason on after a normal
firing interruption /FIRP and 6*F is at the same
time one a fault will happen.
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15 Watch dog in the back ground program indicates
that the delay between two firing interruptions
/FIRP is too long.

Internal faults can be reseted by cycling the control power or by
causing an outside fault. In the case of a internal fault all the
interruptions are inhibited. FLT is connected to an unmaskable
interrupt signal TRAP, so the program will start running when the
fault is turned off. If this FLT signal is used as a reset the
possible operation of this FLT must be inhibited during a normal
ocperation by hardware.

7.2 External faults

When ever the phase difference of the phase locked loop on the
interphase board SAMC 19 INF compared to the AC-line exceeds 8
degrees it will cause an immediate stop in the motoring mode and
in the generating mode a stop will be done as soon as the current
changes to uncontinuous state. After the stop the program starts
from the initialization routine.

External fault FLT will cause an immediate stop when motoring and
a stop when generating only after the current is uncontinuous.
After the stop the program returns to the initialization program.

Control power fault /FLTA2 will inhibit the firing of the
thyristors. Prosessor will be reseted by the signal /RESET.

Network failure indication is performed en the board SAMC 19 INF.
As an input to this board will be a six pulse rectified AC-line
voltage. This unfiltered information and the same input filtered
and damped by 15% will be compared by a comparator, so the signal
works as a reference to itself. If the AC-linevoltage changes
suddendly below 85% from the nominal average value the comparator
will supply a /NETF signal, which is connected to the reset input
RST6.5 of the uP. There can be several /NETF indications before
actual fault is detected; the detection depens from the following
circumstances:
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a. Network failure when motoring:

An internal flag NETFLG is set to one. When NETFLG is
one the change to the generating side is inhibited.
The program will go through the following routine:

- if NETFLG = 0, normal control mode

- 1f NETFILG > 0, one will be added to NETFLG

- if /NETF indication dissapeares NEFIG will be
reseted to zero

- if NETFLG > 3, it will cause a internal stop

b. Network failure when generating and no current flowing
during the indication:

Thyristors are turned off. Delay of 100...200 us after
which current is checked once again and if it's still
zero the control will be turned off. If the current

is flowing after the thyristors are turned off a
procedure explained in part ¢ will follow.

c. Network failure when generating and the current is
flowing:

The network failure flag is set to one and the control
of the thyristors continues the normal way. If the
AC-line doesn't come up any more the fuses will blow
up. After the firing interruption following routine
will be followed:

~.

- if /NETF signal has dissapeared, NETFLG will be
set to zero and normal control will be continued

- if /NETF is on and the current is flowing normal
control will be continued

- if /NETF is on and the current is zero the drive

. Will be stopped
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After the stop the program will wait for the /NETF signal to
dissapeare. After the AC-line comes back up and the LOCK signal
has indicated that the system is locked to the line the program
will measure the value of the UDC during a periecd of
approximately 500ms:

- If the UDC indicates that the voltage is/was
below 60% from the nominal value the drive will
be started through the precharge routine. The
same precharge routine will be followed also if
the UDC didn't exceed 90% value from the nominal
DC voltage during the measurement period.

- If the UDC exceeds the value 90% form the
nominal all the thyristors in the motoring
bridge will be turned on several times during
this 500ms period. If UDC doesn't go below 90%
value the motoring brige will start to get
normal firing pulses starting with the control
angle 0 degrees. If this doesn't happen the
precharge will precede the start.

8. Operation of the angle controller

The angle controller will follow the following formula:

+-d(alfa) = GPROP* (USREFP-USREF+USVAL-USVALP) +

GINTEG#* (USVAL-USREF)

+-d(alfa) = the change of the control angle ( + used on the

- motoring side and - on the generating side )
GPROP = the gain of the P term
GINTEG = the gain of the I term
USREF = new reference output voltage of the bridge
USREFP = old reference output voltage of the bridge
USVAL = new actual value of the output voltage
USVALP = old actual value of the output voltage
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On the motoring side with a light load the output voltage will ke
90%*Udcn and with a heavy load 100%*Udcn. The reference will be
changed smoothly according to the transit time of the current.

On the generating side the refernce remains at the constant
90%*Udcn value. The actual voltage value of the bridge is
calculated according to the control angle and the load determined
by the transit time of the current. Checking/control of the angle
is done once during every 60 degrees period.

All the reference- and actual values are relative to the AC-line
voltage, which means that the controller doesn't compensate any
changes in the AC-line voltage.

9. Precharge

Two possible precharge modes are available depending on the state
of the signal ADTE:

- ADTE = +5V:
Constant control angle 50 degrees used ( precharge
circuitry must be added ).

- ADTE = 0V:
The control angle is reduced from the starting value of
111 degrees to 50 degrees. A
The control angle will not be reduced if the UC doesn't
start to increase.

In both cases the precharge will last as_long as the DC voltage
exceeds 85% from the nominal. With the constant angle precharge
( 50 degrees ) it means that the precharge can be done with 90%
AC-line voltage but not with a lower value.

If the signal /UCC3 goes to zero, the program returns to the
precharge routine and will stay there with the angle cf 50
degrees as long as the signal /UCC3 goes back to one.
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10.Change of the bridge

The change of the bridge will happen always, when the current
during the present 60 degrees period stops flowing and the
transit period of the current is below the reference value.

After the current stops flowing all the thyristors will be turned
off.

The change from motoring to generating:

- if the last control angle on the motoring side is below 28
degrees the first control angle used on generating side will be
approximately 180 degrees:

If the motoring control angle was 15 degrees the first
generator side firing will happen after 45 degrees from the
last motor side firing pulse.

If the motoring contreol angle is above 28 degrees the first
generator side firing will happen in the second possible point
with the angle of approximately 180 degrees. So for example if
the motoring control angle is 30 degrees the first generator
side firing will happen 90 deqrees after the last motor side
firing pulse and with a 60 degrees angle the first generator
side firing will happen 60 degrees after the last motor side
firing pulse.

The change from generating to motoring:

After the decision of the bridge change following will happen:
~
The motor bridge thyristor that is parallel with the generator
bridge thyristor that was the last one turned on will be turned
on. This will insure that the generator bridge really turns off.
The first real motor bridge firing will happen in the first
possible point with an angle of 50 degrees; if the angle of the
generator bridge was 170 degrees the first motor bridge firing
will happen 60. degrees after the last generator firing
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1. Block diagram

: 77
5 |
. B B
]
4 7 2 2 [ Us ) 7Y
BY %
:Q 7 | IS oSl
i Ue < —RV
72
A/
Lz BUAS
L - o ‘F‘LTA -

Figure 1. SAMC 11 POW block diagram

- block 1:

- block 2:
- block 3:

- blocks 4,

- block 7:

- from the

Stabilized transformer. Input voltage Ul = 30...55V.
Output voltage U2 = 55V.

Push-pull inverter to the transformers Tl and T2 -
Rectifies and filters the secondary voltages from
transformers Tl and T2. Output voltages U3 = + 15 V,

U4 =+ 8.5 Vand U5 = - 15 V

5 and 6:

Integrated voltage requlators. Output voltages:
- block 4 = + 12 V
- block 5 =+ 5V
- block 6 = - 12 V

Control voltage supervision; if level of the voltage
U3 is too low this block will sen a fault signal FLTA
to the control unit and it will turn off the LED H1l

transformer Tl a 25V 35kHz square wave voltage

for the pulse amplifier cards
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2. Stabilized power supply
2.1 Operation princible
7 ,, L -
Y, mbrn Y Y G
Z7 _";; L2 :Zkyyq___.:Zé
T e ez
ve
Figure 2.
: % [z ' 7
0 ' J 7
7
‘vo- - . .‘ ﬂ o 0 eim s
0 - O-KL A 0
. A | \\ |
ﬂsé_— - P& ~ 5 =
14 . " 0 0

Figure 3.
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Stabilized power supply main circuit diagram is in figure 1 and
current and voltage wave shapes related to it in figure 2:

2'

choke L1 and capacitor Cl are used to reduce the noise level
reflected back to the supply side and produced by the switching
of V3

stabilized power supply L2, V3, V4 and C2 operation:

- when V3 is turned on the current through it increases
based approximatel to the time constant of L2 and the
voltage level of Ul

- when V3 is turned off current starts to flow through the
diode V4 and current decreases based to the voltage
difference U2-Ul. Capacitor C2 is charged during this
period; C2 is large enough to keep the voltage level
constant

- by controlling the operating cycle of V3 so that average
value of current IV4 equals the load current the voltage
of C2 will remain constant

figure 3a; operation with low input voltage

figure 3b; same load current as in figure 3a, but with a higher
input voltage :

figure 3c; same input voltage as in figure 3b, but with a
higher load current

automatic control system will produce a constant 55Vdc

voltage ( = UC2 )

2 Control circuitry operation

Control circuit diagram in figure 4 and wave shapes related to it
in figure 5.

actual voltage U52 ( = output voltage U2 scaled by resistors
R17 and R19 ) is compared to a constant reference 2.86 and
these to voltages are used as inputs to the differential
amplifier in the integrated regulator circuit A5
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- voltage U45 ( = output from the integrated regulator circuit
A5 modified by zener diode V18 ) and voltage U44 ( = function
of the input voltage Ul and the current IV3 of the transistor
V3 ) are used as inputs to the comparator A4

- every other rising edge of the clock oscillator ( oscillator
frequency = 70kHz ) switches the output of the flip-flop D2
to "1"-state:

- transistors V2 and V3 are turned on and voltage U44
value will increase

- when voltage U44 exceeds the value of U45 the output
of flip-flop D2 will change from "1"- to "0"-state and
transistors V2 and V3 will be turned off

- if voltage U2 starts to decrease differential amplifier will
increase the level of U45 which allows U44 to reach higher
values before V2 is turned off. This means that the input power
increases and voltage U2 remains constant regardless of the
higher loading. Similar operation when locad decreases.
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Figure 4. SAMC 11 POW control circuitry
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- figure 5a: wave shapes with low input voltage ( 30 V )
- figure 5b: wave shapes with high input voltage ( 48 V )

Figure 5. SAMC 11 POW control circuit signals

Current is limited based to the voltage U44; if U44 value exceeds
2.86 volts ( equals 2A output current ) an additional comparator
will force the output of D2 to zero. Current limiting will
operate only when U2 >= Ul and because of this U2 isn't short
circuit protected by this controller but with current limiting in
the inverter section ( check chapter 3.2 ).

Fault in the control circuitry can cause output voltage to
increase to a high value, which could cause damage to the semi-
conductors in the main circuitry. To inhibit possibility of
circuit failures an additional overvoltage limit has been added
which will turn off pulses and control from the inverter if safe
operation area of U2 is exceeded.
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3. Push-pull power supply

3.1 Operation princible

In figure 6 is the main circuitry of the inverter and in figure 7
the signal wave shapes related to it. Signals UV21l and UV22
control power fets V5 ( IV5 in figure 7 ) and V6 ( IVé in figure
7 ) to form a square wave input voltage to the transformers T1
and T2.

Secondary voltages of Tl and T2 are rectified and filtered:

Tl output T2 output

U3 =+ 15V U6 = 25V 35kHz ( I6 in figure 7 )
U4 = + 8.5 V

U5 = - 15V

N : Sz
72 zx= L L
;[, = CiT €9
] € ~ A 7 2
slg ™ 44 L
Vs Ue | ba Col ow
EZ 70 I non
U (1ﬂ :T\ |
vz !p?’/&' Vé(ﬁ! IC ve M
“z SEYE Ty

Figure 6. Push-pull inverter
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Figure 7. Signal wave shapes in the push-pull inverter

3.2 Control circuitry operation

Inverter control circuit diagram in figure 8 and signal wave
shapes related to it in figure 9a.

Components A4, C20, R34...R36 form the 70kHz oscillator circuit

( output = A4/13 ). With the flip-flop D3 this 70kHz is used to
produce two opposite phase 35kHz signals, which via the NAND
circuits D1 control transistors V21 and V22. Collector voltages
of these transistors control the power FETs V5 and V6 in the main
circuit.

Oscillator circuit includes also compensation to take care of
different resistance values in the power FETs.
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Voltage U49 is formed by the resistors R7...R10 from currents IVS
and IVé6; if this voltage exceeds reference level U48 the ocutput
of flip-flop D3 ( D3/12 ) will remove the ON-signal from corres-
ponding FET for the rest of the cycle. This signal has also an
effect to the reference level U48 via resistor R54; earlier the
D3/12 goes to zero the lower the level of U48. In figure 9b wave
shapes during current limiting period.

*+fz +12
Dg. [L’%. :C/.f '
Ci rYT Ly Ly
HE— [ %
22 s 527 2%
— Py $ 7 [
R b= 7 2 7
R3I2 (/llf? — 7 . B 7l 297 721
| =c27 & —
+715 [Y— &S 27 ver
h | o
L A 17 +72. R4 Y
ol >

b rzz—/ b7 —
&7z G 21 96 27
o E = ey

Figure 8. Control circuit of the push-pull inverter
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Figure 9. Signal wave shapes in the push-pull inverters' control
circuitry:
a: normal operation

b: current limiting operation
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4., Output circuits

A " n

Yy

Figure 10. Output circuits

Secondary voltages of transformers Tl and T2 are rectified and
filtered and then stabilized by integrated regulators; output
voltages: U3 = + 15 V, U4 = + 8.5 V and U5 = - 15 V.

If voltage level of U3 goes too low fault signal FLTA will be
send to the control unit and LED H1l will be turned off. If
voltage level returns above the threshold level the fault signal
will be removed after 0.15 seconds and LED H1l will be turned on
again.

5. Characteristics

Input voltage 30...55V
Output voltages ' +12V 1.0A
+ 5V 1.5A
-12V 0.5A
+25V 30W ( 50W instant. )
35kHz square wave
Rated input power 80W o

Rated ambient temperature +5...+55 C
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Figure 1. Block diagarm of the interface card saMc 19 INF
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2. General

Interface card SAMC 19 INF is located in the control rack ( card
position A04 ) and is connected through the mother board to the

standard control unit and through two "front" connectors to the

pulse amplifier and to the control board SAFT 185 TBC.Card takes
care of five main operations:

- forms syncronizing signals

- netfail indication

- forms information about the current continuity/
uncontinuity ( = signal HOLE )

- selection of frequency reference

Synchronizing:

Synchronizing signal times the operation of the bridge to the
AC-line frequency. UV-main voltage measured by the synchronizing
transformer and scaled by the pulse amplifier card is used as an
input to the synchronizing circuits; outputs from this circuitry
are:

50 (60) Hz digital synchronizing signal
300 (360) Hz digital synchronizing signal
- netfail signal

phase failure in synchronizing

Current measurement:

Phase currents U and V are measured by the current transformers

and rectified and changed to voltage signal by burden resistors

on the pulseamplifier card. From this voltage signal interface

card forms the signal HOLE ( = current discontinuity signal ).
>~.

Frequency reference selection:

Start/Stop signal is formed from the signals UCC3 and RUN2;
control card SAFT 185 TBC will get the information via the
interface card. :

Firing orders to the thyristors V1 and V4 are wired from the
control card through the interface card to the pulse amplifier.
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3. Operation of the card
3.1 Syncronizing

Synchronizing signals time the operation of the bridge to the
AC-line frequency. U-phase voltage measurement from ( pulse
amplifier circuit diagram 1(4) ) the synchronizing transformer is
used as an input to the synchronizing circuits.

Synchronizing transformer (660V / 25V) output is scaled on the
pulse amplifier card ( figure 2 ).

X9 111L Reka
1 ]
R w\' T '
w. M : 3]
R f 10nF J,
" 194K
4R
10
X9 2R : ~ —

R . ~ USTH- X%
P23 + i "
M

Figure 2. Scaling of synchronizing signal

S1 jumper is used to select the correct scaling for the AC-line
voltage used. Scaled line voltage can be measured from between
the measuring points MP22 and MP23; LC-circuits are used for
filtering of signals USYN+ and USYN-.
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On the interface card ( Appendix 2/1 ):

- filtered signal goes to differential amplifier A2;
galn is one and -3dB frequency is 34Hz
- jumper S3 is used to select either 50Hz (a=b) or 60HZz
(a=c) operation:
- S3 = a-b: syncron121ng is done by RC-circuit R60, C11
- S3 = a-c: syncronizing is done by RC-circuit R62, Cl1
- durlng manufacturlng testing of the card synchro-
nizing is tuned to be accurate by the potentiometers
R60 and R62

3.1.1 S50Hz (60Hz) synchronizing signal ( Appendix 2/1 )

Delayed sinusoidal synchronizing voltage goes to comparator AS:
- threshold level is +-0V
- hysteresis is done by the resistors R40 and R23;
real threshold levels are -0.57V and +0.62V
- buffer D3 is used to form digital synch. signal USYN

In figure 3 is an example of synchronizing signal forming.

Phase

Main ' /
USYN

i ]
6 X F

TS e r s

Figure 3. Formation of synchronizing signal
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3.1.2 300Hz (360Hz) synchronizing signal ( Appendix 2/1 )

Thyristor bridge needs six firing pulses during cne AC-line cycle
and because of this a [6xF(AC-line)] synchronizing signal is
formed. Phase difference of this signal compared to AC-line phase
voltage must be zero; 300(360)Hz signal is done by a phase locked
loop ( figure 4 ).

Fin PHASE LOW PASS VOLTAGE FOUT
DETECTOR FILTER CONTROLLED
OSCILLATOR
fout/N fout
DIVIDER

Figure 4. Phase locked loop
Phase locked loop is formed from:

- phase detector

- low pass filter

- voltage controlled oscillator
- divider

Output of the phase detector depends from the phase difference of
the input signals:

- If input signal phase precedes the signal from the
divider ( rising edges are compared ) the output of
the phase detector will increase the control voltage
to the voltage controlled oscillator and vice versa

- low pass filter determines the control features of the
system, for example response time



Allen-Bradley/Stromberg SAMC 19 INF
03-16-89
R.Ahola

Page 7(13)

Phase detector and voltage controlled oscillator ( VCO ) are in

one circuit D1 ( in the circuit diagram Appendix 2/1 detector and
VCO are drawn separately ).

Operation:

- the input of the phase detector is wired through the selection
circuits D4 and DS; selection circuits are controlled by the
NETF signal ( D4/6 ):

- when NETF is one USYN is selected

- when NETF is zero ( failure in AC-line ) output from the
"divide by 6" is selected; so during a netfail two iden-
tical signals are compared. At the same time low pass
filter is isolated from the phase detector by V1

- "comparator" Dl1/14(input 1) & D1/3(input 2):

- input 2 is always the 50(60)Hz signal from the
divider D2

Phase detector D1(1,2,3,13 and 14) controls the low pass filter
(R58,C2,R51 and C10) only when phase difference is detected,
otherwise the output of the detector is in high impedance state.
Example of the operation in figure 5.

a: Ac4phase phase voltage leads b: AC-phase voltage lags

Figure 5. Operétion of the phase detector
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DC-voltage output of the lowpass filter controls the output
frequency of the VCO ( D1 ). Frequency range of the VCO is
determined by components €9, R41l, R63 and R65 or R64:

- R65 1is used with 50Hz ac-line ( S4 = a-b ) to set the
operation point of VCO so that when there's no phase
difference between the two frequencies compared the
voltage across C10 will be approximately 3.5V

- R64 is used with 60Hz ac-line ( S4 = a-c ) to set the
operation point of VCO so that when there's no phase
difference between the two frequencies compared the
voltage across Cl10 will be approximately 3.5V

This output of the VCO is used as an input to the divide by 6
circuit D2 the output of which is used as the other frequency
input to the comparator D1.

3.1.3 Synchronizing information LOCK ( Appendix 2/1 )

This signal is normally in "1"-state. When in"0"-state a phase
difference in the frequency is detected.

3.2 Indication of network failures ( Appendix 2/2 )

Network failure must be detected as fast as possible to save time
for the control system to operate, but still it ought to be
immune for the glitches and short time disturbances in the
AC-phase voltage.

The voltage from the synchronizing transformer is rectified with
a 6-pulse bridge on the pulse amplifier board; this rectified
voltage UEW- UEW+ is wired to differential amplifier on the SAMC
19 INF interface card ( amplifier gain = 1 ); this signal goes
directly to the netfail detection comparator AS5/4 (negative
input). Same input signal is wired also to the same comparator
A5/5 (positive input), but this signal is dampened ( A=0.85 ) and
filtered ( T=68msec ).
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Operation of the detection circuit ( Appendix 2/2 ):

- A5/4 value changes fast from "1" to "0" and the output of
the comparator AS goes from "1" to "Q".
A5/5 input will follow the change, but with a delay of
approximately 68msec. ,

- signal NETF follows the change in A5 output with a lmsec
delay ( filtering of glitches is approximately 1 msec )

- diode V24 takes care of correct operation when AC-line is
disconnected

3.3 Current uncontinuity information

Control system of the thyristor bridge requires a feedback from
the output voltage of the bridge ( DC-voltage ). Voltage is
calculated from the firing angle and from the current transition
time; current transition time can be calculated by measuring the
uncontinuity of the current.

Current is measured by to current transformers and rectified on
the pulse amplifier board.

Operation of the measurement circuit ( Appendix é/z )

- signal to the differential amplifier Al ( amplifier gain = 1 )

- output of the amplifier Al is filtered by R9 and C7

- filtered signal to comparator A6/8 ( negative side )

- reference voltage to the comparator tuned by potentiometer R61
to 60 mV in SAMI BQ and 80mV in SAMI BG.

- resistors Rl and R49 are used for hysteresis

- output of the comparator controls the voltage across capacitor
C8; when current feedback is above the reference value voltage
across capacitor C8 will decrease from +4.7V to =-0.6V

- when voltage across C8 goes below 2.4V HOLE-signal will go to
"0" )

- when voltage across C8 goes above 2.6V HOLE-signal will go back
to "1" .

- in figure 6 is an example of the operation



Allen-Bradley/Stromberg SAMC 19 INF Page 10(13)
03-16-89
R.Ahola

L 40us X SSus

Figure 6. Operation of the current uncontinuity measurement

3.4 Selection of the frequency reference

In the thyristor braking bridge the DC-voltage is constant 100 %
when load current is above 50%. When load current decreases below
50% also DC-voltage will decrease towards 90% value, which is
also used when operating on the regenerative mode.

- S1 = a~b ( -FR6 = =FR61 ).

Y, -
Ucn
11
- ‘//,////-——-_
0,64 |
0.4
0.2
-1 14 2 -FREIY

Figure 7. DC-voltage as a function of -FR61
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3.5 Start command

In the thyristor braking bridge S2 = a-c, so START command is
controlled only by UCC3-signal.

RUN3 UcCc3 UCC3 out

HHOO
HOKO
HOKFrO

4. Jumper settings

S1 = a-b
S2 = a-c
S3 = a=-c ( with 60Hz AC-line )
S4 = a-c ( with 60Hz AC-line )

5.1 Tuning of the synchronization ( 60Hz AC-line )
If synchronization of the bridge doesn't work proberly it can be
tuned:
Equipments needed:
- oscilloscope
- isolation transformer to isolate the scope ground from the

supply line ground

With 60Hz AC-line S4 = a-c:
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Measurement:

- channel 1 y-gain 2V/DIV ( zero in the middle )

- channel 2 y-gain 5V/DIV ( zero in the middle )

- sweep time 0.83msec/DIV ( check with pulsegenerator )

- triggering LINE, HFREJ rising or faling edge

- channel 1 connected to pulse amplifier card SAMT11:

- channel 1 ground lead to MP23 and channel 1 to MP22

- channel 2 to the control card SAFT 185 TBC MP4

- tune either with TRIGGERING LEVEL or X-SHIFT the half
cycle of the synchronizing voltage ( positive or
negative ) to the middle of the screen in the x-direction;
after doing this the zero crossings of the synchronizing
voltage are excatly in the corners of the screen.

- R62 must be tuned so that the falling edge of the channel
2 signal is 150usec before the center of the screen

= check, that USYN signals ( SAMC 19 INF MP2 ) falling edge
is in the middle of the screen ( positive half cycle of
the synchronizing voltage )

- lock the potentiometers R60 and R62

positive half cycle
of the synchronizing
voltage

- . T O-level (channel 1)
N \ B J\ mok /\ 0-crossing
N [ "N T
N ..;....@LSL/
~ — /F0us negative half cycle
: of the synchronizing
voltage

Sms

]
- . ;
—
4

USYN mo2 .

Figure 8. Tuning of the synchronizing
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5.2 Tuning of the current limit

Current limit is related to the uncontinuity information signal
HOLE. Current value lower than the current limit equals zero
current to the control system. Tuning is done by the trimmer
R61; initial setting 60mV (???) between MP8 and MP11l.

6. Internal values / delays

- temperature range
- synchronizing signal

- sync. signal error

- current uncontinuity signal
- delay in signal HOLE

- nominal ref. voltage -FR61
- control voltage

o o
-25 C... +70 C
6 * AC-line frequency
o
+=- 1 ( +- 50 usec )

HOLE

+= 100 usec
+ 2V

+ 12 V ( 25mA )
- 12 V ( 22mA )
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1. General information

SAFT 181 INF is used as a link between the external
controller(s)/relays and control board SAMC 185 TBC.
Also all boards in TBU are connected to SAFT 181 INF.

2. SAFT 181 INF operation
2.1 Start commmand
Start to the TBU can be wired at two different ways; figure 1.

Start command to the TBU must be sent 3 seconds beforesany of
the inverter§ connected to the DC-bus are started.

Y4

,1 st ,i 5t
xv ¥ . xy Yo
g, =1 b
,’ NE B
+24V 'z - "z -
T | |
¢ xIr ¢
l )nl w ! )nl .
‘ - s : B
¢4 ‘ ¢4
A. Active +24V Start-signal B. Passive Start-signal
Sl:b-c, S2:b-a .Sl:b-a, S2:b-a

Figure 1. Start command to the TBU

2.2 External faul®

For example overtemperature- and fan overload relay contactors
are chained between X1.7 *and X1.8% In the case of a fault
optecisolator V1 pin 4 will change from +12V to OV and signal

FLT ( XA.lla ) will change from OV to +12 causing a unmasked
interrupt to the uP on SAMC1S5TBC board. Alsc LED V2% is on during
a fault.

If a RESET-buttdn is added between X1.7 and X1.8 an additional
relay is required to inhibit unnecessary uP-interrupts which
can cause a loss of fuses if TBU is running; figure 2.
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+24V
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x| i SLIY-S P ok
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- K2 T i

Figure 2. External RESET-button

External fault will cause also the relay K2 to trip, which will
turn on the external alarm light ( figure 3 )

2.3 Internal faultse

In the case of control power failure SAMC11POW power supply will
pull the signal RESET ( XA.26c ) down and V15 will ke turned off
causing contactor K2.2-3 to close. In stand alone drives

connection is normally like in figure 2 light will be on in the
case of a fault.

1l

v v v1s

- > J- L
N L
Lars

RQ &

L A2
U1 = N
-5V _'_5./

P c——

" v :l..
<

o
1

P com—
" d

Figure 3. Internal faults 12y

Internal faultst in the control board SAMC1S5TBC will cause FLTD

( XA.28c ) to toggle and this will blink the ligh® in the
figure 4.
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2.4 Precharge selection

If TBU is equipred with a precharge System S3¥» ought tc be in
position b-c7 constant 50 degree angle during precharge.

If precharge system is not used S3s cught to be in position a-b;
precharge starts with 111 degree angle. After Precharge is dore
and if no START command is received angle will automatically ke
changed to 50 degrees; START-command will release the angle
controller.

2.5 DC-voltage measurement

Isolated ( isolation done on SAFT 183 VMC board ) DC-voltage
measurement from SAFT 183 VMC is inverted; inverted signal is
used on SAMC19INF and SAMC15TBC boards. .
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Table 1. Signals on SAFT 181 INF

Connector/s signal name connected to
SAFT181INF ( X1 and X2 are TBU mcdule
terminal blocks )

X1.1 +24V X2.1, X2.3
X1.2 +=0V X2.2, X2.4(FLT2)
X1.3 RUN1 X2.6
X1.4 . RUN2 X2.7
X1.5 RUN3 X2.8
X1l.6 RUN¢4 X2.9
X1.7 FLT1 : bridge overtemp.
relay
S1.1,
Sl1.2

!

fan motor overload
relay
F6.14,
F6.13
1
!
X1.2
]

]
External Reset

G e

X1l.8 FLT2 X1l.1
X1l.9 FLTL1 X2.4
X1l.10 FLTL2 X2.5.
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Connector/s signal name connected to

SAFT181INF

X2.1 +12V SAFT183VMC X2.1

X2.2 +12V SAFT183VMC X2.2

X2.3 +12V SAFT183VMC X2.3

X2.4 ov SAFT183VMC X2.4

X2.5 oV SAFT183VMC X2.5

X2.6 ov SAFT183VMC X2.6

X2.7 -Uc SAFT183VMC X2.7

X2.8 -12V SAFT183VMC X2.8

X2.9 -12V SAFT183VMC X2.9

X2.10 -12V SAFT183VMC X2.10

XA.2a +12V SAMC11POW XA.2a
SAMC11POW XA.4a

XA.1l0a ADTE SAMC15TBC XA.1l0c

XA.10c Uc SAMC19INF XA.10C

XA.lla FLT SAMC19INF XA.lla

XA.1l2¢c +5V SAMC1STBC XA.4a  SAMCL1POW XA.1l0c
SAMC15TBC XA.30a SAMCL1POW XA.1l2c
SAMC1S5TBC XB.30c

XA.1l6c -FR6 SAMC19INF XA.l6c

XA.17a uces SAMC19INF XA.17a

XA.26¢ FLTA2 SAMC15TBC XA.6a SAMC11POW XA.6a

XA.28¢c FLTD SAMC15TBC XA.28c

XA.32a -12V SAMC15TBC XA.32a SAMC11POW XA.30a

SAMC11POW XA.32a

XA.32c, ov SAMC15TBC XA.2c  SAMC11POW XA.2c

XA.2c SAMC15TBC XB.32a SAMC11POW XA.4c
SAMC15TBC XA.32c SAMC11POW XA.30c
SAMC15TBC XB.32c SAMC11POW 32¢c

XA.
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T ) e e e e e U } 25kt
| e - ||H4|€¥)#|eﬂ—-'xl-—#lwi?!}“}l‘—v’ .
AR ERENERED [-1_ e e A ‘
it
TAHDISTUS w vz vs;;?;vn WY:;;;';;‘:;
) .

VI%RAT'

\a — 7\ /)
MooTTORISILLAN GEA/éE/MTTb&/f/Lé/U{
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Figure 1. Block diagram of the pulse amplifier card

Main function:
- produce galvanicly isolated gate pulses to the
thyristors from the control card firing orders.

Additional functions:

- 3-phase synchronizing transformer is connected to the
card; used for timing of firing pulses and for measuring
of line voltage

- 2 current transformers connected to U- and V-phases; used
for load calculation
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2. Power supply portion

Connection and wave forms of the power supply in figure 2.

U; et~ I i
1 U o | ]
] . >
:iLH . J _:E;J. L_
m :i‘, : o
Rl Ug L I ’ !
] r OT 3
— _. (=t | L
(U S 1 [y
(A !
__j}{ _vica Up 0—] [
| “vigg AYS? =70 ___.i
: = -
- I 1.1
N “e =
: 1t “ R—‘lso ' :v:uz YvS3 : P - e
! CEY Uro \ ';;1‘3 U, r—
= L |
. M — |
. szwﬁ‘ 7z |
! Tl = V52 on & V53 off

T2 = V53 on & V52 on

Figure 2. Power supply portion of SAMT 11

Input to the power supply:
- 25V 35kHz square wave U6

Output from the power supply: .
- two 40 V square waves ( 180 degrees phase shift )
U7 and U8 .
- += 4Vdc-from the voltages U9 and Ul0; voltages U9 and U1l0
control also the transitors V52 and V53
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3. Pulse amplifier portion

One phase of the pulse amplifier in figure 3 and wave forms
related to the pulse amplifier in figure 4.

During OFF pulse transistor V24 ( figure 3 ) conducts and V23 is
OFF and capacjtor C9 will charge up through the diodes V114, V115
and through the choke L7. No power to the input of the
transformer T7 which also means that gate current Ig is zero.

During ON pulse V24 is OFF and V23 is ON. C9 will be discharged
through R140, V23, T7 primary winding and transistors V52 or Vs53.
Secondary current caused by primary currents IV117 and IV119 is

rectified and this rectified current is used as a gate pulse to
the thyristor.

Static level of the base current is limited by the choke L7. In
the beginning of the turn on pulse the level of Ig is higher than
the static level to reduce the turn on losses; gate current spike
value is limited by resistor R140.

I 2 L9 4‘/‘.-/;/ | ’ I
Zoiry \/{./0. L 2/_73 Zye3 2: Z{?Q . ;;,—\IS—‘- vr L1 MM 1
8 ———o o Jor ~ v U JuuyJd
Ve —y u m | e 3'}5!,,, L—a e : “% # NN 1nnn
Zensyls _l_U:; DRI o |€33 “ [N T S A
T AT | é_ N I o
29 | Ve |- ﬂ_
-@ S rr M.—l_\’l—’ Phl P—-P_I [l
o S e A B
) "N - ——, - - o .
_@ Vs L_',\q-/”? 437//1 . . Yol "02&:—'; ;/"_
1 y//:A . . )
TR | ~ fgr 0o NN N
vs . Zvns vi20 A A A A
©ﬂ 3 '—,<-‘ @,, oy o LT T T
%23 ,__j'f : T
Zun T

N

4

Zyny ,_hJL*ﬂ_ g S—
EA 7 R .

08— ~—— T
2

Figure 4. Wave shapes of the pulse amplifier currents and
voltages (Ig value is measured with a 1 ohm
resistive load)

‘\\ .
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SAMT 11 Page 5(8)

Because transistors V52 and V53 are common for all channels, it
is a must to isolate transformers of different phases by diodes.
In figure 5 is the control portion of the pulse amplifier card.

Zener diode V60 and resistors R110 and R122 set the threshold
level of the control signal to 6.5V.

If control
- V46
- V24
- V22

If control
- V46
- V24
- V22

signal is below 6.5V:

is OFF

will get base current through R86 and V1&g
and V23 are OFF

signal is above 6.5V:
is ON

is OFF

and V23 are on

Resistor R89 will keep V24 in ON-state during START- and
FAULT-situations where voltage UCS is high, but control voltage
+4 is lower than normally.

les R/40
T T
P T?
Oess| o2l vss
e \é> Pl
+¢AM6 |
- ezl e 3y
S !
WSy /N 1.
Vio g0 —&) A1
Vyaus - —&— v Mo~
zloo -4 .

Figure 5. Control portion of the pulse amplifier
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4. Connection of synchronizing transformer
SYNCHRONIZING TRANSFORMER SAMT 11
660/43.3V 3VA 60hZ
- ) o X9
1| .' v [ / /
. | m. R
1y : v i
n {—an==5~— 53
| . !
:-4-n=..gw !3
‘ .
| 2 h's | I A{
—. S L |
Figure 6. Synchronizing transformer connection
X9 1R
— R=tka
1 : \gw
L1S
R :60 S1 100}.1” 10
Q0 Y\ i
Q O —_— e ——
%R “ e MP22 3 ]
/ b
QLR | 100uH T
: -
X3 128 ~ x|
& MP23 ¢

Figure 7. Scaling of the synchronizing voltage on the pulse

amplifier card
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Jumper S1 is used to select the scaling of the synchronizing
voltage according to the main AcC-line voltage. Synchronizing
voltage can be measured between measurement points MP22 and MP23.
Synchronizing voltage is filtered before taking it to the saMc 19
INF card.

3
> S
a
x
o

|
X3/USYNC — (31 |

1 .~ . -— 52 ARA— UEWeiry
‘ 1. L 15
X931 VSYNC ™ 7] (= ¥4 [
B hrr i .
Y72 RS &'I
YSI WSYNC — 138 .
3 ~ . LSS
U l R¢ ’ , Les .
- — it A
. " N— e o o S
l (=3 118
e
MM

Figure 8. Scaling circuits of the line woltage

Rectified line voltage is scaled according to the position of the
jumper S2. Scaled voltage is used on the SAMC 19 INF card for
indication of netfailures.
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5. Current measurement

Current transformers connection in figure 9. Resistance values
R13...R19:

- with the current transformers nominal secondary current
voltage between I+ and I- is 4.36V

]
'
|
! L27
Mp a "
[ 1l = Q __"__{;;( ! .‘Y.O
i 1 b 7
. lis
! | vi R13 T
X1, .
J z —
: ! Risi | RisS R17 R13 Ri9 .
& — —_ ]
P
] ] Rie M
| | A\ 3l iy 428 .
X1 - —~ =) [--x0

T o E

Figure 9. Connection of current transformers
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l. General information

SAFT 183 VMC is used for DC-voltage measurement. Flow of the
scaled and isolated signal:

SAFT181INF (X2.7)---SAFT181INF (XA.10c)--—-
SAMC19INF (XA.10C)--SAMC19INF (XB.14)-—==—o
SAMC15TBC (X3.14)

2. Operation

Resistors R1...R8 will scale the DC-voltage between 0...5V:

- Example 660VAC:
DC-voltage is Udc = 1.35x660VAC = 891VDC
=3
Veltage across R83is 5.6 x 10 x Udc = 5V

Aliwill isolate the signal from the DC-bus potential.

With different AC voltages different gains can be selected by the
jumpers S1...S8 to scale -UC¥ signal to be approximately -5V
with nominal Ac-line voltage ( S& normally in position a-b ).

Table 1. -UCl signal level with different nominal voltages

~

jumper ' gain -UCl ( nominal AC voltage )
- s1 1.730 -4.99V ( 380VAC )
- S2 1.574 -4.96V ( 415VAC )
- s3 1.484 -4.96V ( 440VAC )
- s4 1.430 -4.99V ( 460VAC )
- 85 1.310 -4.97V ( SO00VAC )
- S6 1.126 -4.92V ( 575VAQY)
(
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3. Trouble shooting

If there is no faults the motoring bridge pulse# can be checked
without charging the DC-bus by setting the jumper S8 to c-by
position.
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