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TORKEL 820/840/860

General

This manual explains how to use TORKEL 820, TORKEL
840 and TORKEL 860 Battery Load Units, and it also
covers the TXL830, TXL850 and TXL870 Extra Loads.
Although performance differs from one model to

the next, all models are used in the same way. Unless
otherwise specified, what is set forth in this manual
applies to all models.

TORKEL 820/840/860

These Battery Load Units are sophisticated instru-
ments designed mainly for capacity tests. All three
units can be programmed to test a battery bank at
constant current, constant power, or using a user-de-
fined load profile. TORKEL can also be used for testing
battery chargers and other electrical equipment that
require resistive load testing.

The three models have different maximum voltage
ratings:

TORKEL 820 60V DC
TORKEL 840 288 vV DC
TORKEL 860 480V DC

TORKEL has a number of functions that facilitate its
use. Examples include:

® Warning and automatic stop functions for
time, discharged capacity and low battery
voltage.

® 9 memories where settings can be stored.

® \Voltage curve can be stored for later transfer
to a PC using the TORKEL Win program.

¢ Discharging can be started/stopped from ex-
ternal equipment.

¢ Testing can be carried out without discon-
necting the regular load.

Introduction

TXL830/850/870 (Extra
Loads)

The TXL830, TXL850 and TXL870 Extra Loads com-
prise resistive loads. They can be used together with
TORKEL Load Units to increase loading capability. The
TXL Extra Loads can not provide regulatation by them-
selves but TORKEL measures total current from the
battery and regulates the load characteristic. When
TORKEL is stopped it sends a stop signal to the TXL
Extra Load.

The three models have different maximum voltage
ratings:

TXL830 28 V
TXL850 56 V
TXL870 280V

TORKEL Win software (op-

tional)

The TORKEL Win program, which runs on a PC under
Windows®, builds up a voltage curve on the screen in
real time and displays the current, voltage and capac-
ity readings. You can also use TORKEL Win to control
TORKEL during the test . The program stores the
results in a text file, and it can generate reports

Programma Electric AB
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Symbols on the
instrumentl

Caution, refer to accompanying docu-
ments.
Caution, risk of electric shock.

Hot, do not cover

Protective conductor terminal.

WEEE, Waste Electrical and Electronic
Equipment. Please utilize your local
WEEE collection facilities in the dispo-
sition of this product and otherwise
observe all applicable requirements.

|5 ©B>P

Safety

Safety instructions

S S B S S - S -
Warning

The electrical voltage and current used in battery

testing is potentially lethal.

Ensure that the AC supply is isolated and any bat-
tery under test is disconnected before attempting
any cleaning or maintenance of TORKEL.

Do not connect or disconnect any of the cables
unless the circuit breaker F1 is in the lower (OFF)
position.

Connection and disconnection procedures are ex-
tremely important. Be sure to follow the instructions
faithfully.

Do not touch conducting parts of the clamps on the
current cables or the voltage sensing cables when
they are connected to TORKEL.

Explosion risk when using Torkel and TXL (all mod-
els)

When a lead acid battery is charged or discharged
i.e. when there is a current flow through the battery
it is always a risk that the battery can explode.

For new open (vented) batteries the risk is medium
to low but in old VRLA (sealed) batteries the risk is
medium to high.

If there is a bad connection inside the battery and
there is a current flow - the connection will burn off
and there will be an arc, which will ignite the oxyhy-
drogen gas in the battery.

To minimize the risk for personnel injuries:
Always place Torkel/TXL as far away from the bat-
tery as possible - use long current cables and/or
remote start/stop.Never stand close to a battery
during charge/discharge.

Too high discharge current applied on a battery can
cause the battery to explode or get over-heated. Be
sure to not set too high current.

If the external current measurement is interrupted
or giving false values during the test, the current will
rise to a higher level than the set value before the
test is shut down. If the battery is too small for this
current or in a bad condition - it may explode.

Programma Electric AB
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When using the external current measurement func-
tion:

1. Check that the CT is connected in the right cur-
rent direction.

2 Always replace the CT internal battery before a
test.

3 Set the correct current ratio in the external current
measurement menu.

Never use the TORKEL/TXL Extra Load in an explo-
sive environment. Never put the TORKEL/TXL Extra
Load where it can be reached by battery gas.

Improperly connected cables carrying high current
can cause fire. Make sure that the cables are not
twisted in such a way that could cause them to turn
and come loose from the connector.

Position TORKEL/TXL Extra Load where air flow is
unobstructed and where it does not come into con-
tact with any flammable or heat-sensitive material.
Keep a free distance of 1.5 m (5 ft) to the verti-

cal sides of TORKEL/TXL and 2.0 m (6.5 ft) above
TORKEL/TXL.

Do not place TORKEL a) near another TORKEL, a TXL
Extra Load or any other heat source or b) where the
cooling airflow can be blocked. TORKEL will over-
heat if there is insufficient cooling.

External current shunt may not be used above
300V DC

Important!

Make sure that the clamp-on ammeter is properly
connected and that its battery lasts throughout
the entire test. If external current measurement
malfunctions, TORKEL might provide a higher load
current than intended.

Do not use liquid detergents or aero-sols when
cleaning TORKEL or TXL units. Use a damp cloth.

If TORKEL has been stored below freezing for an
extended period of time, you must allow 3 hours for
it to adapt to room temperature.

Programma Electric AB
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3 Menu system

Main menu

Results

Displays voltage, capacity, current and testing period
(time) from the last test.

Test battery

Submenu used to perform a test.

Auto-limits

Submenu used to provide automatic calculation and
setting of limit values. Here, you specify the desired
voltage per cell at which a) warnings are to be issued
and b) the test is to be stopped. Examples: warning
at 1.85 V/cell and stop at 1.75 V/cell. Then, when you
begin a test, TORKEL asks you to enter the number of
cells, whereupon it calculates the voltage and sets this
voltage as the limit.

Memory

You can save and recall the settings in any of 9 memo-
ries. Moreover, you can recall the factory (standard)
settings.

Select language

Here, you select the language that will be used in the
display.

Basic settings

Here, you specify whether the current is to be meas-
ured internally within TORKEL or by means of a clamp-
on ammeter. You can also adjust TORKEL to the mV/A
ratio that appears on the clamp-on ammeter itself.

Test method

Here you specify one of the following test methods:
constant current, constant power, constant resistance,
current profile or power profile.

When you start a profile test you will be asked for the
number of steps, the test duration (time) and the load
value for each step.

Programma Electric AB
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Control panel

<ENTER> key. Press to select and confirm parameters.

<START> key. Press to start discharging.

&& = Fe
"""""""""""""" 1 <STOP> key. Press to stop/pause discharging.
S
SR Lamps
D ovn OPERATING

b) LED will flash when the current (or power) can not

B @ : be regulated to the desired value.
1
Dl =

1
|
[
i
1
O) e Ot | a) LED will glow steadily while TORKEL is discharging.
1
1
|
|
1

Vmin (V)
————————————————————— : a) LED will glow steadily after TORKEL has shut down
e i e because the voltage has dropped to the stop limit.
r - ) e R - b) LED will flash when the voltage has decreased to

the warning limit.

let (Ah)

a) LED will glow steadily when TORKEL has shut down
because the discharged capacity has reached the stop
limit.

b) LED will flash when the discharged capacity has
exceeded the warning limit.

Time (h)

a) LED will glow steadily when TORKEL has shut down
after completing the preset time cycle

b) LED will flash when the time has exceeded the
warning limit.

(@ External current meas-
urement

(1) Operator control

External current measurement
Input used to measure current in an external path by
means of a clamp-on ammeter or a current shunt.

Input impedance: 1 Mohm. Galvanically isolated.

Display
Display settings during programming and measured
values during operation.

Keys Insulation voltage to battery current terminals: 2300 V
<LIMITS> key. Press to enter the LIMITS MENU Insulation voltage to ground: 1350 V

<ESC> key. Press to exit from a function without

changing any data or to go backwards in the menu @ Circuit brea ker

system.

Horizontal and vertical arrow keys, 4 » ¥ & Used F1 o
to select data and to change values. Voltage controlled circuit breaker that connects /

disconnects the loading circuits in TORKEL from the

<SET LOAD> key. Press to change the load. battery.

Programma Electric AB
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N NN I O N O . .
Note F1 will not latch in upper (ON) posi-
tion until TORKEL has issued a message
reading”Switch on F1”.

@ External control

ALARM

Output equipped with a relay contact for triggering
an external alarm device

Relay contact: 1 A/ 100 VAC, 1 A/50VDC, 0.3 A/
250 VDC. This latter (250 V DC) is valid for resistive
load only.

Connector insulation: Voltage to ground may not
exceed 250 V

START/STOP

Input used for starting and stopping discharging from
an external device. Galvanically isolated.

TXL

Output used for control of TXL Extra Loads. Galvani-
cally isolated.

SERIAL

Serial port used for connection to a PC or other con-
trolling equipment.

(5) Mains

MAINS

Connector for mains supply, equipped with ON/OFF
switch.

(6 Connection terminals
for the battery

+ (Terminal)

Positive (+) current connection for battery being
tested.

— (Terminal)
Negative (-) current connection for battery being
tested.

Insulation voltage to ground: 2200 V

VOLTAGE SENSE

Input for sensing voltage at the battery terminals.

Impedance to the battery current terminals is
>1 Mohm.

Programma Electric AB
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Conducting a test

Test at constant_
current

Safety precautions
- Warning
Do not connect or disconnect any of the
cables unless the circuit breaker F1 is in
the lower (OFF) position.

Never use TORKEL/TXL Extra Load in

an explosive environment. Never put
TORKEL/TXL Extra Load in direct contact
with battery gas.

Position TORKEL/TXL Extra Load so that
the air flow is unobstructed and free from
contact with any flammable or heat-sensi-
tive material.

Do not place TORKEL near another
TORKEL, a TXL Extra Load or any other
heat source. TORKEL will overheat if there
is insufficient cooling.

Inspect cable connections to make sure
there is no short circuit.

Preparations for testing
1] Connect TORKEL to the mains voltage.

2] Switch on TORKEL.
The following display will appear for a short time:

TORKEL 840 RO1A

It will then change to:

MAIN MENU
Test battery

and then:
Connect battery

I N W N ] SN G S - S . e S . -

Note Press ESC if you want to access the main
menu.

- N I I N S S -
Important
Connection and disconnection proce-
dures are extremely important. Be sure
to follow the the instructions faithfully.

Connecting the current
cables to the battery

Use the cables supplied with TORKEL or other cables
of suitable size. Follow the numbered steps that are
set forth below. Inspect each connection to make
sure it is securely fittted.

[

—
Q
sl
=
m
[

i

®
_@'I-

Connecting TORKEL to a battery.

1] Connect one end of the first cable to the nega-
tive {-) terminal on TORKEL.

2] Connect the other end of the first cable to the
negative (-) pole of the battery.

3] Connect one end of the second cable to the
positive (+) pole of the battery.

4] Connect the other end of the second cable to

the positive (+) terminal on TORKEL.

Tip  To get a more accurate voltage read-
ing. Connect the voltage sensing cables
between the "VOLTAGE SENSE” input
on TORKEL and the battery terminals.

Programma Electric AB
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Warning
A Do not disconnect any of the above cables

until the test is completed and the circuit
breaker F1 is in the lower (OFF) position.

- SN N . ] . D N e e e (Em s mms e

Note TORKEL automatically selects the volt-
age range when voltage is applied to the
high-current terminals.

Setting the current

1] Use the horizontal arrow keys (4 or P)to select
the position and the vertical arrow keys (¥ or
4 ) to set the value.
Set Current
0001.0 A

2] Press <ENTER>.
After connecting the battery, about 30 seconds
must elapse before you can switch on the circuit
breaker F1 and start the test. TORKEL displays the
amount of time you must wait as follows:
Please wait...
25 sec

When the time shown has elapsed, the following
will appear:

Switch on F1

Press ENTER

3] Switch on F1 (press the lever upwards a second
time if it fails to latch immediately).

4] Confirm by pressing <ENTER>.
TORKEL now displays the values currently in effect:

51.6V 0.0 Ah
0.0A 0:00:00

Tip  You can change the current at any time
by pressing the <SET LOAD> key.

Warning and stop limit pa-
rameters

You can set TORKEL to issue a warning and/or to stop:
® When the voltage has reached a certain level.

® When a certain amount of capacity is dis-
charged.

® After a specified time.

The settings for the warning and stop levels are inde-
pendent of each other.

When a limit is reached, the contacts in the ALARM
relay operate and a buzzer sounds. In addition, the
lamp associated with the parameter on the control

Programma Electric AB
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panel flashes when the warning level is reached and
starts to glow steadily if TORKEL is stopped. See also
the chapter headed” Alarm function”.

Limits set-up

1] Press <LIMITS>
Warning Umin
No 0444V

2] Use the horizontal arrow keys (4 or »)to move
the cursor and the vertical arrow keys (¥ or &)
to activate the warning (Yes) and to set the volt-
age level.

3] Press <ENTER>

4] Proceed in the same way for other parameters
you want to change.

5] Press <LIMITS> when you have finished setting
the parameters.

The limits can be changed at any time during a test.

Starting the test

1] Press <START>.
The current value (A} will be displayed and the
OPERATING lamp will light up.

Pausing the test
1] Press <STOP>.
2] Restart by pressing <START>.

N . S - N N . O ey (A e S ) e (e

Note Any TXL Extra Loads connected to
TORKEL must be restarted manually.

Ending the test

1] Press the <STOP> key.

2] Press <ESC>
End Test?
Yes No
3] Select "Yes” and press <ENTER>.
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Constant power

TORKEL can be used to conduct a discharge test at
constant power instead of constant current. All proce-
dures are the same except that you must set TORKEL
differently before starting — you set the power instead
of the current.
. Warning
A See the chapter "Conducting a test" for
safety precautions and how to prepare
the test.

W S RN W S R RN B M D SN G S W .

Important
When testing at constant power, the cur-
rent will increase as the voltage decreases.
Calculate the current at the end of the
test W/ V = A). Then make sure that the
total current does not exceed 2999 A.
Also make sure that the TORKEL and TXL
units can provide the required current
load troughout the test.

Configuring TORKEL for

constant power

1] Calculate the current at the end of the test (divide
the power by the voltage). Then make sure that
the total current does not exceed 2999 A and
that the TORKEL and TXL units can load with the
required current throughout the test.

2] Press <ESC> repeatedly until you see the "MAIN
MENU".

3] Select "Test method” using the vertical arrow
keys (¥ or a)and press <ENTER>.

4} Select "Constant P” and press <ENTER>.
5] Select “Test battery” and press <ENTER>.

6] Set the discharge power in the same way that
you set the current. See the chapter 5 "Conduct-
ing a test”.

Testing at constant
power / resistance

Constant resistance

- S S I I S S
WARNING!
See the chapter "Conducting a test" for
safety precautions and how to prepare
the test

Configuring TORKEL for

constant resistance

1] Press <ESC> repeatedly until you see the "MAIN
MENU".

2] Select "Test method” using the vertical arrow
keys (¥ or a)and press <ENTER>.

3] Select "Constant R” and press <ENTER>.
4] Select "Test battery” and press <ENTER>.

5] Set the resistance value in the same way that you
set the current value. See the chapter headed
“Conducting a test”.

Programma Electric AB
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Testing with a load
profile

General Preparations

TORKEL can be used to conduct a test that incorpo- To configure TORKEL for a profile test, proceed as
rates a current profile or power profile. A profile can follows:
consist of up to 19 time intervals. The duration and . "

i o 1] Press <ESC> repeatedly until you see the "MAIN
the magnitude of the load can be specified for each MENU”
interval. '

2] Select "Test method” using the vertical arrow
keys (¥ or a)and press <ENTER>.

3] Select "PROFILE I” for a current profile {or "PRO-
FILE P" for a power profile) and press <ENTER>.

Programma Electric AB
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Testing Starting the test

1] Select "Test battery” and press <ENTER>. Proceed in the same way as set forth in the chapter
Set Profile? headed “Conducting a test”.
Yes No

2] Select "Yes” and press <ENTER> if you want to set

up the profile.

No. of Intervals?

02
3] Specify the number of time intervals you want to

include in the profile and press <ENTER>.

SETT1

0:00:01 001.0A

4] Set the duration of the first time interval and the
current {or power} value. Press <ENTER>.

5] Set the other intervals in the same way.

Programma Electric AB
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General

The external current measurement function enables
TORKEL to measure the total current in an external
path and base regulation on this measurement.

A DC clamp-on ammeter (optional accessory) has to
be used for this measurement. It can be applied at
one of the battery terminals or at an inter-cell connec-
tor. The clamp-on ammeter must measure the total
current, including that which passes through TORKEL.

A current shunt can also be used, but this requires
opening the current path and connecting the shunt
in series. The current shunt must be conected to the
negative side of the battery.

Warning
External current shunt may not be used
above 300 V DC

P N WS W) S N WA BN GEE TN N SN ) S . .

Important
The current shunt must be connected on
the negative side of the battery.

- A NN WS S NI SN EEN SN I SN S e W e .

Tip  For tests where it is important to obtain
the desired current within a few seconds
or less it is better to use internal current
measurement since it provides faster
requlation.

20

External current
measurement

Appllcatlons

External current measurement must be used when
TORKEL is working together with TXL Extra Loads.

 Testing without disconnecting the regular load.
Since total current is measured, TORKEL can
compensate for changes attributable to the regular
load. The total current from the battery is then kept
at a constant value. This ensures accurate test
results.

—3
TORKEL TXL
s <
— —8
. =) j ?
g
+ = + =

TORKEL used together with TXL Extra Load

[

TORKEL

To regular load

Constant current, reqular Joad connected.

* Two or more TORKEL and TXL units ca be used for
discharging at up to 2 999 A.

Programma Electric AB
ZP-BSO6E R101



TORKEL 1 TORKEL 2
— —
TORKEL TORKEL

Two TORKEL units operating together using the external
current measurement function.
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Setting up
external current
measurement

TORKEL

1] Press <ESC> repeatedly until you see the "MAIN
MENU",

2] Select "Basic settings” using the vertical arrow
keys (¥ or a}and press <ENTER>.

MAIN MENU
Basic settings

3] Press <ENTER> to obtain:

| MEASUREMENT
Internal

4] Press <ENTER>.

5] Select "External” using the vertical arrow keys
(¥ or a)and press <ENTER>.

6] Set the mV/A value to the value specified on the
DC clamp-on ammeter and press ENTER.

| MEASUREMENT
Ext. 01.0 mV/A

The mV/A ratio for the input can be set to a value
between 0.3 mV/A and 19.9 mV/A.

M N O O (N O O e T T B O s SEN S ey

Important
The clamp-on ammeter output voltage
must not exceed 1 V.

DC clamp-on ammeter

(] = - N (N N . (S A . S S . s .

Note Make sure that the clamp-on ammeter
has fresh batteries. The batteries must ast
throughout the entire test!

1] Place the clamp-on ammeter as far as possible
from any magnetic field

2] Connect a DC voltmeter (set to 2 V full scale) to
the clamp-on ammeter.

3] Switch on the clamp-on ammeter and adjust its
zero knob to set the output to 0.0 V
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Note The clamp-on ammeter must be accurate
and calibrated and it must be able to
carry a load of 600 kQ. Please note that a
DC clamp-on ammeter is usually less accu-
rate in the lowest part of its measurement
range.
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Tip  Always activate the warning and stop
limit functions when using external cur-
rent measurement. This will protect your
batteries if the DC clamp-on ammeter
were to malfunction.

Connections
A T T - - E = -
Warning

Make sure the polarity is correct.

1] Connect the clamp-on ammeter to the EXTERNAL
CURRENT MEASUREMENT input. Best results are
obtained if the cables running from the clamp-on
ammeter are twisted.

2] Apply the clamp-on ammeter to the conductor.
See the figures in the section headed “Applica-
tions".

Note: The arrow on the clamp-on ammeter must
point in the same direction as the current flow.
Note: The clamp-on ammeter must always be ap-
plied in such a way that current through TORKEL is
included in the measurement.

3] Turn on the power switch on the clamp-on am-
meter.

22

Troubleshooting

If the following message appears when you start the
test:

Error:
External |

1] Check that the clamp-on ammeter is properly
connected to TORKEL. Also check the polarity.

2] Check that the clamp-on ammeter is switched
on.

3] Check that the clamp-on ammeter has fresh bat-
teries.

4] Make sure that the clamp-on ammeter is
clamped in the correct direction. A DC clamp-on
ammeter normally has an arrow which should
point in the direction which current flows through
the conductor.

5] Check the folowing settings in "Basic setting”
submenu:
« “| measurement” must be set to “External”.
* The mV/A ratio must match the ratio that ap-
pears on the clamp-on ammeter itself.

Programma Electric AB
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9 Alarm function

Description

The TORKEL alarm function is provided by a buzzer
and a relay connected to the <ALARM> - connector.
An external alarm device can be connected to this
connector if so desired.

When an alarm is issued, the relay closes the circuit
between pin 2 and 3. (While no alarm is issued, the
circuit between pin 1 and 3 is closed.)

Male connector for this terminal is "Neutrik NC3MX".

Relay contact

8A/28VDC

0.28 A/ 250V DC (resistive load only)
8A/240V AC

Connector insulation
Voltage to ground must not exceed 250 V.

The following events can cause an alarm to
be issued
® Warning level is passed.

e Discharging is stopped because a stop level is
reached.

® TORKEL can not regulate the current to the
desired level.

¢ Thermal protection device trips or a fan has
stopped rotating.

® The connection to the battery is broken.

® The mains (line) power to TORKEL is inter-
rupted while a test is in progress.

e Other fault situations such as battery volt-
age too high or too low or excessive current
through TORKEL.

24
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Note The alarm output will be activated if
TORKEL is switched off and also if no
mains voltage is present. When TORKEL
is switched on, the alarm is reset auto-
matically provided that a test was not in

progress when the mains power was cut
off.

Resetting the alarm

You can reset the alarm by pressing any key.

Programma Electric AB
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Invoking the auto-
limits function

The auto-limits function automatically calculates and
sets the limit values. Here, you must specify the volt-
age per cell at which you want a warning to be issued
and the voltage per cell at which you want TORKEL to

stop discharging the battery.
When you start the test, TORKEL asks you to enter

number of cells and then sets the limits automatically.

This function can also be used to simplify the task of

setting capacity and time limits.

26

0 Auto-limits

Activating auto-
limits

1]

2]

3]

4]
5]

6]

7]

Press <ESC> repeatedly until you see the "MAIN
MENU".

Select "Auto-limits” using the vertical arrow keys
and press <ENTER>.

Warning Vmin

No 1.85V/cell

Use the vertical arrow keys (¥ or 4 to activate
the auto-limits function ("Yes”) so that it will issue
voltage warnings.

Set the voltage value/cell value.

Press <ENTER>.
Stop Vmin
No 1.80 Vicell

Use the vertical arrow keys (¥ or 4 ) to activate
the auto-limits function so that it will provide
voltage stops.

Set the voltage value/cell vaiue.

8] Press <ENTER>.

Using the same procedure as that set forth above, you
can set TORKEL to:

Issue a warning when, say, 50 % of the test
period (time) has elapsed.

Stop discharging when, say, 100% of the test
period (time) has elapsed.

Issue a warning when, say, 50% of the rated
capacity is discharged.

Stop discharging when, say, 100% of rated
capacity is discharged

When you start the test, TORKEL will ask you to enter
the number of cells, the length of the test period
(time) and the rated capacity.

Programma Electric AB
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General

TORKEL can be connected to a PC and controlled
by the TORKEL Win program. TORKEL also supports
communication with the TMC95 program that was
created to conduct capacity tests together with the
TMC4001 Multi-Channel Data Logger.

28

TORKEL connected
to a PC

TORKEL Win
program

The TORKEL Win program builds up a voltage curve
on the screen while the test is running and presents
the current, voltage and capacity values in a scrol-
lable table. Moreover, you can control TORKEL from
TORKEL Win during the test, print out a report and
store the measured values in a text file, which can be
imported easily into Microsoft® EXCEL.

Because TORKEL always stores the total voltage curve
during the test (one curve can be stored), you can also
connect TORKEL to a PC after the test, transfer the
voltage curve, examine it and store it as a file using
TORKEL Win.
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Example of a discharge voltage curve

Displayed while test is running (or

retreived later from a file)
® \oltage curve

® \oltage, current and capacity in tabular
form.

Commands that can be issued to

TORKEL
e Set the test method

e Set the load (current, power or resistance)

Programma Electric AB
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® Set current or power profile
® Set warning and stop limits
® Start the test

® Pause the test

® Restart the test

® Reset the alarm

® Lock/unlock TORKEL-panel
® Set current measurement

® Setsample rate
Reporting

® Fill in report

® Copy voltage curve to clipboard

Other commands
® Transfer voltage curve from TORKEL

® Load a new language into TORKEL

TORKEL Win is delivered with every TORKEL. However
a software key must be loaded into the TORKEL in
order to make it able to communicate with TORKEL
Win. This key can be purchased from Programma.

You can evaluate the program without the key since
a file containing test data is included. Select “Files”,
“Open” and double-click “demo”.
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Note You do not need a software key for load-
ing a new language into TORKEL.

Programma Electric AB
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Installing
TORKEL Win

The TORKEL Win software package consists of:

» One diskette containing the TORKEL Win program.
Provided that you have ordered TORKEL Win, the
diskette also contains a software key.

¢ One CD containing TORKEL Win and other
languages than English

¢ Serial cable

Requirements on your PC
« PC with Pentium processor

 Display with at least 640 x 480 pixels
» Windows 95/98/2000/NT/XP

¢ Anunoccupied serial port

Installation
1] Insert the program diskette or the CD.

2] Click "Start” and then "Run”.

3] Type "A\TORKEL Win_Setup” or the drive for CD
e.g. "D:\ TORKEL Win_Setup”.

4] Follow the installation wizard instructions which
guide you through the installation procedure.

Setting up communication

1] Connect the serial port on TORKEL to the serial
port on the PC using a straight pin-to-pin cable.

2] Start the TORKEL Win program.

3] Select the desired communication port {(“Direct
to COM1” for example) when TORKEL Win asks for
device selection.

4) Switch on TORKEL.

5] Wait until TORKEL Win indicates “Online”. (This
appears under “Status” in the window.)

Loading the software key
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Note /f you purchase a TORKEL together with
TORKEL Win the software key is already
loaded.

If you do not have a diskette drive contact
GE Energy Programma for delivery of the
software key.

1] Proceed as stated in the section headed “Setting
up communication”
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2] Select “File” and click “Load Software key”. Put
the program diskette into the PC and instruct
TORKEL Win to open the file with extension .key
on the diskette.

Changing the language
used in TORKEL

You can replace one of the languages in TORKEL with
the contents in the language file.

1] Proceed as set forth in the section
headed"Setting up communication”

2] Select “TORKEL Commands,” and click “Download
Language”. Insert the Torkel Win CD into your
CD drive and instruct TORKEL Win to open the
desired language file.

30

Testing with
TORK-.:L Win

Proceed as set forth in the section headed “Set-
tmg up communication”.

2] Proceed as set forth in the sections headed
“Preparations” and “Setting the current” in
the chapter headed “Conducting a test”. Note,
however, that F1 must be switched on before you
start conducting test with TORKEL Win.

3] Select test method. Select current or power or
resistance as desired. Set the desired warning
fimits and start the test with TORKEL Win.

4] Proceed as set forth in the section headed “Set-
ting up communication”.

5] Proceed as set forth in the sections headed
"Preparations” and “Setting the current” in
the chapter headed “Conducting a test”. Note,
however, that F1 must be switched on before you
start conducting test with TORKEL Win.

6] Select test method. Select current or power or
resistance as desired. Set the desired warning
limits and start the test with TORKEL Win.

Viewing the results

1] Select the "RESULT” submenu via which you can
read the values that were valid at the end of the
last test. Voltage and discharged capacity are
displayed in the first line.

2] Press the vertical up arrow key (4 ) key to view
current and time. You can scroll up and down
among the displayed items with the vertical ar-
row keys (¥ or &),

3] Press <ENTER> to leave the sub-menu.

Programma Electric AB
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1 2 Starting and stopping
from an external device

Start/stop connector

Discharging can be started and stopped from external
equipment via the connector named START/STOP.

Male connector for this terminal is "Neutrik NC3MX".

The start/stop circuits are galvanically isolated from
other circuits in TORKEL.

Two or more TORKEL units can be started simultane-
ously since the START/STOP connectors can be con-
nected in parallel and triggered by a single contact.

Starting

1) Connect a dry contact to pin 2 and pin 3 in the
connector.
Closing and then opening the contact will cause
TORKEL to start the discharge.
5V is supplied for the dry contact and the current
is limited internally to about 5 mA.

Stopping

1] Connect a dry contact to pin 1 and pin 3 in the
connector.
Closing and then opening the contact will cause
TORKEL to stop the discharge.
5V is supplied for the dry contact and the current
is limited internally to about 5 mA.

32
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13

General

You must make some simple calculations before start-
ing a test to find out whether or not TORKEL will be
able to provide the desired load current. You must
also make certain that TORKEL will be able to sustain
this current until the test ends. TORKEL regulates cur-
rent by lowering its internal resistance as the voltage
drops. However, the resistance elements built into
TORKEL impose a limit beneath which further lowering
is impossible.
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How to obtain the
desired current

TORKEL load
capacity

The following tables present the TORKEL built-in cur-
rent limitation (Imax) and also the resistance of the

built-in resistance elements for the different voltage
ranges.

TORKEL 820

Range Max Internal Lowest volt-
current resistance | age at which
(Imax) (nominal) | Imaxcan be

obtained”

10-27.6 V 270A 0.069Q 21.3V

10-55.2 V 270 A 0.138Q 399V

1) Requires use of two standard cables,

3 m (10 ft), 7Z0mm2 (1.5 mQ).

TORKEL 840/860

Range Max Internal Lowest volt-

current resistance | age at which
(Imax) (nominal) | Imax can be
obtained?

10-276V 110 A 0.165Q 208V

10-55.2V 110 A 0.275 Q 329V

10-144 Vv 110 A 0.550 Q 63.1V

10-288V 55A 3.3Q 184V

2) Requires use of two standard cables,

3m (10 ft)/ 25 mm?, (4 mQ).

Calculating current

Programma Electric AB
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Imax

Check that the desired current load is not greater than
the Imax for the TORKEL unit in question (column 2 in
the tables above).

Max power

For the 10 — 480 V range on TORKEL 860, you must
also check to see that current multiplied by maximum
voltage does not exceed the 15 kW power limit.

Final voltage

If the final voltage is lower than the value set forth in
column 4 (in the table above), the internal TORKEL
resistance will limit the current so that it will be impos-
sible to reach Imax (column 2 in the table above). In
such case, you can calculate the current that will be
obtained at the final voltage as follows:

1] Add the TORKEL internal resistance (column
3) to the cable resistance {(which is 1.5 mQ for
TORKEL 820 and 4 mQ for TORKEL 840/860 if you
are using standard cables).

2] Subtract 2.2 V from the final voltage and di-
vide by the resistance you obtained in step one
(above).

Example: The final voltage is 10.8 V, and you want
to find the maximum possible current at this voltage if
you are using a TORKEL 840 and the voltage range is
10-27.6 V.

Calculate the resistance as follows:
01650 +0.0040=0.169Q .

Calculate the maximum current as follows:
(10.8V-22V)/0.169Q =509 A.

Examples of load capacities

TORKEL 820/840/860

1.80 V/cell (43.2 V) 0-270A 0-11.6 kW
1.75 V/cell (42.0 V) 0-270A 0-11.3kwW
1.60 V/cell (38.4 V) 0-259A 0-9,9 kW

1) 2.15 V per cell when test starts
TORKEL 840/860

12 V battery (6 cells) ©

Final voltage Constantcur-  Constant

rent power

1.80 V/cell (10.8 V) 0-50.0A 0-0.54 kw
1.75 V/cell (10.5 V) 0-49.0A 0-0.51 kW
1.67 V/cell (10.0 V) 0-46.0A 0-0.46 kW
24V battery (12 cells) ¥

1.80 V/cell (21.6 V) 0-110A 0-2.37kwW
1.75 V/cell (21.0 V) 0-110A 0-2.31 kW
1.60 V/cell (19.2 V) 0-100A 0-1.92 kw
48 V battery (24 cells) "

1.80 V/cell (43.2 V) 0-10A 0-4.75kw
1.75 V/cell (42.0 V) 0-110A 0-4.62 kW
1.60 V/cell (38.4 V) 0-110A 0-4.22 kW
110 V battery (54 cells) " '

1.80 V/cell (97.2 V) 0-10A 0-10.7 kW
1.75 V/cell (94 .5 V) 0-110A 0-10.4 kW
1.60 V/cell (86.4 V) 0-10A 0-9.5kw
120 V battery (60 cells)?

1.80 V/cell (108 V) 0-110A 0-11.9 kW
1.75 V/cell (105 V) 0-110A 0-115kW
1.60 V/cell (96 V) 0-110A 0-10.5kw
220 V battery (108 cells) " :

1.80 V/cell (194 V) 0-55A 0-10.7 kW
1.75 V/cell (189 V) 0-55A 0-10.4 kW
1.60 V/cell (173 V) 0-51.0A 0-8.82kw
240V battery (120 cells) ? '

1.80 V/cell (216 V) 0-55A 0-11.9 kW
1.75 V/cell 210 V) 0-55A 0-11.5kwW
1.60 V/cell (192 V) 0-55A 0-10.5 kW

1) 215V per cell when test starts

TORKEL 860

UPS battery (180 cells) " (TORKEL 860)

TORKEL 820 1.70 V/cell (306 V) 0-38A 0—15kW
1.60 V/cell (288 V) 0-38A 0-15kwW

12 V battery (6 cells) " i UPS battery (204 cells) » (TORKEL 860)

Final voltage Constant current Constant power 1.80 V/cell (367 V) 0-34A 0-15kw

1.80 V/cell (10.8 V) 0-121A 0-131kw  1.60 V/cell (326 V) 0-34A 0 - 15 kW

1.75 V/cell (10.5 V) 0-117A 0-1.23 kW 1) 2.15 V per cell when test starts

1.67 V/cell (10.0 V) 0-110A 0-1.10kwW

24V battery (12 cells) ¥

1.80 V/cell (21.6 V) 0-270 A 0-5.8kwW
1.75 V/cell (21.0 V) 0-266A 0-5.59 kW
1.60 V/cell (19.2 V) 0-241 A . 0-4.63kW

48 V battery (24 cells) "
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When a single
TORKEL isn’t
enough

When a single TORKEL cannot provide the current you
need, you can:

e Connect one or more TXL Extra Loads to
TORKEL.

® Connect two or more TORKELs in parallel.

® Connect two or more TORKELs and two or
more TXL Extra Loads into a single system.

When two or more TORKELs are connected into a sin-
gle system, you will normally use the “External current
measurement” function. But in situations where it is
important for current to be regulated to the correct
value within a second or so, it is better to use two or
more TORKEL units set for internal current measure-
ment and no TXL Extra Loads since these latter must
be started manually. To obtain the total current, you
must then add the current values (amperages) shown
on all TORKEL units. The TORKEL units can be started
and stopped synchronously via the START/STOP input.

TXL Extra Loads connected
to TORKEL

TXLs are resistive loads which are unable to provide
any sort of regulation. Regulation is provided by
TORKEL which measures the total current and keeps
it constant. See the chapter headed "External cur-
rent measurement” which shows how to connect the
TXL(s) and TORKEL(s).

When TXL Extra Loads are connected to TORKEL, you
must check:

¢ That the current flowing through the TXLs
when the test is started is not higher than
intended.

e That TORKEL has enough regulation capabil-
ity a) to compensate for the drop in current
through the TXLs at the end of the test and
b) to set the current to the correct value at
the beginning of the test.
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Calculating how many
TORKELs and TXLs are
needed

1. Number of TXLs - Current flow-
ing through TXL(s) at beginning of
a test

At the beginning of the test, as high a percentage as
possible of the current must flow through the TXLs,
thereby providing the TORKEL(s) with as much reserve
regulation capability as possible. However, the current
through the TXLs must not, of course, exceed, the
desired current value (A).
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Note Remember that the internal resistances of
the TXLs can be set manually. For accurate
calculation, add the cable resistance to
the internal resistance.

A. The current in an individual TXL can be obtained by
dividing the voltage at the beginning of the test by
the internal resistance of the TXL in question (see
tables below).

B. Calculate the number of TXLs that you can connect
without exceeding the desired total current.

2. Current flowing through TXL(s)

at final voltage

A. Multiply the total current through the TXL(s) which
you obtained in step 1 above by the final voltage,
and then divide by the voltage at the beginning of
the test.

3. Number of TORKELs — for the

current regulation

The TORKEL or TORKELs in the system must regulate
the current to the desired value and compensate for
the drop in current through the TXL(s) that occurs at
the final voltage.

A. The amount of regulation needed can be obtained
by subtracting the current value (A} obtained in step
2 above from the desired current.

B. Calculate the number of TORKELs required for the
current regulation.

4. Are all of the TXLs needed?

If the total load-providing capability of the TORKEL(s)
exceeds the amount of regulation needed by a wide
margin (as set fort in step 3 above), you can perhaps
conduct the test with fewer TXLs. If this margin is
wider than the current through one of the TXLs at the
final voltage, this TXL is not needed.
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TXL830

Max Possible resistance Position

voltage settings (hominal)

28V 0.275Q 1
0.138Q 2
0.092Q 3

TXL850

56V 0.550Q 1
0.278Q 2
0.184Q 3

TXL870

140V 2.480Q 2
1.240 Q 3

280V 4,950 Q 1

Example

A lead-acid battery with 54 cells has to be tested at
250 A,

Voltage at the beginning of the test (Vstart) is:
116.1V (54 x2.15 V)

Voltage at end of the test (Vend) is:
97.2V (54 x 1.80 V)

Since the current is so high, you must use TXLs . A
TXL870 is suitable since it is rated for the voltage in
question.

1 - Number of TXLs — Current flowing
through TXL(s) at beginning of a test.

The current through a TXL870 set for a resistance of
2.48 Qs 46.8 A, and current through a TXL870 with
a resistance of 1.24 O is 93.6 A. If two TXLs are set to
1.24 ) and one TXL is set to 2.48 Q the current will
be 234 A, and they can be connected without having
the current exceed 250 A.

2 — Current flowing through TXL(s) at final
voltage.
234 Ax97.2V/116.1 V=196 A

3 — Number of TORKELs - for the current
regulation.

250 A-196 A =54 A. Asingle TORKEL 840 is
enough for this.
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4 - Are all of the TXLs needed?

The loading capability of the TORKEL unit is 110 A at
the final voltage. This exceeds the amount needed by
110 A-54 A =56 A. This unused margin is perhaps
wide enough to eliminate the need for one TXL. At
the end of the test, the current through the TXL that
is set t0 2.48®is 97.2 V/2.48 B =39 A. Since the
unused TORKEL margin is wider than 39 A, this TXL is
not needed.

TORKEL/TXL system exam-
ples

Systems containing TORKEL 820
and TXL830

12 V battery (6 cells)
Discharge from 2.15 to 1.8 V/cell

Maximum con- Number of units Number of units
stant current(A) | TORKEL 820 TXL830

234 1 1

346 1 2

459 1 3

571 1 4

693 2 4

806 2 5

918 2 6

1031 2 7

24V battery (12 cells)
Discharge from 2.15 to 1.8 V/cell

Maximum con- Number of units Number of units
stant current(A) | TORKEL 820 TXL830
495 1 1

720 1 2

945 1 3

1170 1 4

1440 2 4

1665 2 5

1890 2 6

2115 2 7

2340 2 8
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Systems containing TORKEL 820

Systems containing

and TXL850 TORKEL 840/860 and TXL870
48V battery (24 cells) 110V battery (54 cells)
Discharge from 2.15 to 1.8 V/cell Discharge from 2.15 to 1.8 V/cell
Maximum con- Number of units Number of units Maximum con- | Number of units TORKEL | Number of units
stant current (A} | TORKEL 820 TXL850 stant current (A) | 840/860 TXL870
499 1 1 188 1 1
729 1 2 266 1 2
959 1 3 344 1 3
1189 1 4 422 1 4
1459 2 4 532 2 4
1688 2 5 610 2 5
1918 2 6 688 2 6
2148 2 7 766 2 7
2378 2 8 845 2 8
2608 2 9 923 2 9
2837 2 10 1001 2 10

Systems containing
TORKEL 840/860 and TXL830

120 V battery (60 cells)

Discharge from 2.15to 1.75 V/cell

Maximum con-
stant current (A)

Number of units
TORKEL 840/860

Number of units
TXL870

194

1

1

278

363

473

557

642

726

810

24V battery (12 cells)

Discharge from 2.15 to 1.8 V/cell

Maximum con- Number of units Number of units
stant current (A} TORKEL 840/860 TXL830
263 1 1

445 2 1

670 2 2

895 2 3

1005 3 3

1230 3 4

1455 3 5

895

Systems containing
TORKEL 840/860 and TXL850

979
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220 V battery (108 cells)

Discharge from 2.15 to 1.8 V/cell

Maximum con-
stant current (A)

Number of units
TORKEL 840/860

Number of units
TXL870

94

1

1

133

188

227

266

306

345

384

423

463

NN NN I NN
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48V battery (24 cells)
Discharge from 2.15 to 1.8 V/cell
Maximum con- Number of units Number of units
stant current (A} | TORKEL 840/860 TXL850
264 1 1
449 2 1
679 2 2
909 2 3
1019 3 3
1249 3 4
1478 3 5
38
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Test conducted
using a system
comprising TORKEL
and TXL units

One of the TORKEL units (we shall call it TORKEL No.
1) is to measure the entire battery current. TORKEL
No. 2 measures all current except the current through
TORKEL No. 1. TORKEL No. 3 measures all current ex-
cept the currents through TORKEL No. 2 and TORKEL
No. 1 (and so forth). The last TORKEL measures only
the current through itself and the TXLs.

TORKEL 1 TORKEL 2
—  I—
TORKEL TORKEL
~ H
18
o 0

J

™@L

LU
s
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2] Set the desired total current [same value) on all
TORKEL units.
As a result, the maximum regulation capability of
all TORKEL units will be used. You do not need to
pay any attention to the message reading “Can-
not regulate” as long as it does not appear on
TORKEL No. 1.

3] Setwarning limits only on TORKEL No. 1.

4] Set the stop limits. The voltage and test period
{time) can be set on each individual TORKEL. Stop-
ping after a certain capacity (Ah) is reached can
only be activated on TORKEL No. 1.

Note Only TORKEL No. 1 is to control the TXLs.

Only TORKEL No. 1 is to be connected to
the PC.

Example of a system comprising TORKEL and TXL units.

Hookup and settings
Warning
The chapter headed “Conducting a test”
presents safety precautions and explains
how to prepare for testing. Be sure to

comply with what is set forth in this chap-
ter.

1] Apply the clamp-on ammeters as illustrated
above.

Programma Electric AB
ZP-BSO6E R101

Starting discharge
1] Set switch <F1> to the upper (ON) position on the
TXLs.

2] Then start the TORKEL that has the highest
number (when numbered as set forth above).
Now start the TORKEL with the second highest
number, then the third highest, etc. Finally, start
TORKEL No. 1. Starting the TORKELSs in this order
prevents the current from being higher than
desired at the beginning of the test.
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1 - Selector switch

Selector switch used to set the desired voltage range
and/or resistance value.

2 — Circuit breaker

F1
Voltage-controlled circuit breaker that connects the
resistors in the TXL Extra Load to the battery.

CEEN [N SN DN S E N N S ) ) S R e (e

Note F7 will not latch or remain at upper (ON)
position unless the mains switch is turned
on and a control signal from TORKEL
is present at the “"CONTROL IN” input.
Furthermore, TORKEL must be in the “Test
battery” sub-menu.
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| 4 TXL Extra Loads

3 - Connection terminals
for the battery

+ (Terminal)

Positive (+) current connection for battery being
tested.

- (Terminal)
Negative (-) current connection for battery being
tested.

Insulation voltage to ground: 2200 V

4 - Control

CONTROL IN
Input for control signal from TORKEL-unit. Galvani-
cally isolated.

CONTROL OUT
Output used for the control signal sent from TORKEL
to the adjacent TXL-unit. Galvanically isolated.

5 - Mains
MAINS

Connector used for mains supply, equipped with
ON/OFF switch.
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Setting up the extra
load

When an extra load is to be used, you must use the
external current measurement function (see the chap-
ter headed "External current measurement”).

- N - S e S e
Important

Never connect a TXL to a voltage higher
than specified for the range in question.

TORKEL 820/840/860

Testing

WARNING!

See the chapter "Conducting a test" for
safety precautions and how to prepare
the test

1]

2]
3]

4]
5]

Set the range selector switch to the desired posi-
tion.

Connect as shown in the illustrations.

Connect the control wires between the “TXL"
output on TORKEL and the "CONTROL IN" input
on the TXL.

If two or more TXLs are to be used, provide a con-
nection between the “CONTROL OUT"” output on
the first TXL and the “CONTROL IN” input on the
second TXL, etc.

Connect the TXL to the mains voltage
Switch on the TXL.
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1} Proceed in the same way as set forth in the

chapter headed “Conducting a test” but before
you start TORKEL you must set switch F1 to upper
{ON) position on the TXL. (You must do this manu-
ally.)

2] Start TORKEL by pressing <ENTER>.

—

TORKEL TXL
P~ <3
18 -]
® o h ¢

L==gi,"

TORKEL with one TXL
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Optional
accessories

Cables

Cable set, 2 x 3 m (10 ft), for connecting
TORKEL to the battery:

70 mm? 270 A cable for TORKEL 820.

25 mm? 110 A cable for TORKEL 840 and
TORKEL 860.

® C(Cables for controlling a TXL Extra Load from
TORKEL.

® Sensing leads, 2 x 5 m (16 ft), used to measure
voltage at the battery terminals.

® Extension cable, 2 x 3 m (10 ft), 25 mm?, 110
A.

Clamp-on DC ammeter

® 200 A clamp-on DC ammeter

® 1000 A clamp-on DC ammeter

Software
® TORKEL Win software

Other

Transport case

e TXL Extra Loads. The TXL830 is for up to 24 V
batteries, the TXL850 for up to 48 V batteries
and the TXL870 for up to 240 V batteries.

e TMC2001d Data Logger
¢  TMC4001 Multi-Channel Data Logger
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Display on TORKEL is dark.

® Check that the mains cable is prop-
erly plugged in.

® Check the mains voltage

Impossible to switch on the circuit breaker
F1.

It is only possible to switch on F1in the “Test battery”
submenu. Furthermore, you must:

1] Connect the battery to TORKEL
2] Set the current

3] Wait for message reading “Switch on
F1”.

4] Push the lever of F1 to the ON posi-
tion a second time if it does not latch
directly.

Voltage reading on the display is lower
than the battery voltage.

You responded to the “Switch on F1” message by
pressing <ENTER> without switching on F1.

You have accidentally switched off F1 manually.

TXL connected to TORKEL

When a TXL and TORKEL are connected via the signal cable
connected to the "Control In” input, the following can hap-
pen:

Impossible to switch on the circuit breaker
F1 on the TXL-unit.

You have not received the message “Switch on F1” on
TORKEL.

You have not connected the input CONTROL IN prop-
erly to TORKEL.

The TXL have no mains power. If the fans are not
running, check the mains connection and the mains
switch.

Messages on display

“Connect battery” does not disappear.
¢ Check connection to the battery.

® Check the polarity of the connec-
tion to the battery.
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6 Troubleshooting

® When you first connect a higher
voltage to TORKEL and then a
lower voltage, you may have to
wait for some time.

“Error: Connection”

TORKEL has indicated that the battery voltage has
disappeared.
® Check the connection to the bat-
tery.

“CHECK F1"

This message appears if the current is 0 A when cur-
rent should be flowing.
® Check that circuit breaker F1 is
switched on.

“CHECK F1 Input voltage

¢ Check that circuit breaker F1 is
switched on, that the battery is
properly connected and that the
battery voltage is not less than
10V.

“Unable to regulate”

The message appears when TORKEL can not regulate
the current (or power or resistance) to the desired
value.
The TORKEL-unit can not regulate because it can not
decrease its resistance further.
® You must decrease the current
or connect more TORKEL or TXL
units.

® This is not a fault-situation if the
actual TORKEL is operating in a
system of several TORKEL units
and another TORKEL (TORKEL nr 1)
takes care of the total regulation.

“Error: External I”

The measured external current is less than the inter-
nal current

See also chapter headed “External Current Measure-
ment”.
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1] Check the setting in sub menu “Basic
setting”, “I measurement”,

2] Select "External” if you want to use
the input External Current Measure-
ment.

3] Select “Internal” if you do not want to
use External Current Measurement

4] Check that the mV/A ratio complies
with the clamp-on ammeter

TORKEL is set for “External Current Measurement” but
the clamp-on ammeter:

® s not properly connected
® js not switched on

® s not correctly applied on the
conductor.

® has bad batteries
“Overheated”
The internal thermal protection device has tripped.
® Check cooling and ambient tem-
perature
A fan may be damaged [not rotating or slow).
® Call for service.
“Overcurrent”

The current through TORKEL is higher than allowed
because of a fault in TORKEL's internal current limita-
tion.

“Input voltage too high”.

The battery voltage is higher than specified for your
TORKEL.

“Input voltage > 27.6 V"
“Input voltage > 55.2 V"
“Input voltage > 144 V"
“Input voltage > 288 V"
“Input voltage > 480 V"

When you connect the battery, TORKEL will automati-
cally select the voltage range and arrange the internal
resistors for highest possible current.

If one of the messages above appears, TORKEL has
stopped because the input voltage has increased and
exceeded the range. You can continue the test but
TORKEL will choose a higher voltage range and rear-
range the internal resistors.

Note: The current rating for the new range is prob-
ably lower than the previous range (see chapter
headed “Specifications”).

“Input voltage too low”

The battery voltage is too low (less than 10 V, which
is frequent on defective batteries) for safe operation
with TORKEL.

“Calibratet”
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A calibration is recommended. TORKEL is now using
calculated and standardised calibration values.

“Checksum error! Switch off”

Read error in TORKEL's control-memory.
® Switch off TORKEL and switch on
again. If the message remains it
might be necessary to perform
the reset procedure in the chapter
“Calibration”.

“Power failure”

TORKEL has lost the mains power for a while when a
test was in progress. TORKEL displays the values when
the test was interrupted.

® You can choose to continue or end
the test.

Ilsxull

You need to restore Torkel, follow instructions below.

1) Connect Torkel to the PC and start
Torkel. Press "ESC" to enter the main
menu.

2] Run the file “restore.exe" and select
the file xxxxxxx.set (contact our
Customer Service if you do not have
the file).

3] Click the icon "TORKEL Restore" and
select the "Com port".

4] When the message "Restoring com-
plete" is shown, click "OK".

5] Calibrate Torkel.
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Calibration
procedure

TORKEL has four circuits used for testing that require
calibration:

® [nternal current

¢ Internal voltage

® External voltage

® External current

The calibration procedure has four main steps:
1) Calibrating zero levels

2] Calibrating internal current (Int 1)

3] cCalibrating internal and external voltage (V)
4] cCalibrating external current (Ext +l)

For main steps 2, 3 and 4 you can decide whether or

not to perform them.
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Note Calibrate once a year to maintain proper
accuracy.

Stable voltage and current sources {(which vary
less than 1% per second) and accurate reference
instruments must be used. The current source
must be able to supply high current at a voltage
between 10 and 30 V. One or two 12 V batteries
can be used here.
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7 Calibration

How to calibrate

A, Warning
A Do not connect or disconnect any of the

cables unless the circuit breaker F1is in
the lower (OFF) position.

Do not touch conducting parts of the
clamps on the current cables or the volt-
age sensing cables when they are con-
nected to TORKEL.

1] Switch on TORKEL.

2] Inthe “MAIN MENU" select “BASIC SETTINGS".
3] Set“I MEASUREMENT” to “INTERNAL".

4] Switch off TORKEL.

5] Press the <Esc> and <Stop> keys simultaneously,
while switching on TORKEL.

1. Calibrating zero levels
1] Message reading:

Press ENTER

to calibrate
2] Press <ENTER>.

Message reading:

Short-circuit

inputs
3] Short-circuit the inputs.

a) "EXTERNAL CURRENT MEASUREMENT”

b) Positive (+) and negative {-) terminals for bat-

tery current.
c) "VOLTAGE SENSE”

4] Message reading:

Switch on F1
Press ENTER

5] Set switch F1 to its upper (ON) position.
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6] Press <ENTER>.
Message reading:
Calibrating
Zero levels

F1 will trip.

71 Remove all short circuits (see step 3).

2. Calibrating internal cur-
rent

1] Message reading:

CALIBRATE Int.l ?
No

2] Change to "Yes” using the vertical arrow keys (¥
or &)

3] Connect the current source (two car batteries in
series for example) to the battery current termi-
nals on TORKEL.

Note: The current source must be able to supply a
high stable current.

4] Connect an accurate current measurement refer-
ence instrument (for instance a current shunt
with a voltmeter) in series with the batteries.

5] Press <ENTER>
Message reading:

000 000 O
R:135 T:123 F1

6] Change the displayed numbers to read as follows
by using the vertical arrow keys (¥ or &),

111 111 1
R:135 T:123 F1

7] 17. Press <ENTER>
The fans will start.

8] Message reading:

Calib internal |
Input: 085.00A

9] set switch <F1> to its upper (ON) position.

10]Change the current value on the display to the
value read from the reference instrument.

11]Press <ENTER>.
F1 will trip.
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Note /f a message reading “Error: Unstable
current” appears, press <ENTER> and try
again. This can be caused by excessively
high current from the batteries. Repeat
the calibration at a lower current by chan-
ging the numbers in the message shown
in step 6 to
1171010 70r1111001.

Note /f a message reading” Error: >15%"
appears, calibration has been rejected
because it deviates too much from a cal-
culated standardized value. Press <ESC>
to repeat the calibration or to select “No”
for this main step of the calibration. If
you skipped one of the main steps in the
calibration procedure (internal current
for example) the calibration value for the
skipped main step will be set to a calcula-
ted standardized value.

3. Calibrating internal and
external voltage

1] Message reading:

Calibrate V7?7
No

2] Change to "Yes"” using the vertical arrow keys (¥
or a),
The voltage measurement range must be calibrat-
ed at two points, hereinafter designated P1 and P2.
Recommendation: Calibrate P1 at 12 V and P2
close to the top of the range or close to the highest
voltage at which TORKEL is to be used.
Ranges:
TORKEL 820: 0-60 V
TORKEL 840: 0-288 V
TORKEL 860: 0-480V

3] Connect a stable variable voltage source to the
battery current terminals on TORKEL.

4] Connect the same voltage source to the “VOLT-
AGE SENSE” input.

5] Connect an accurate reference instrument (volt-
meter) across the voltage source.

6] Adjust the voltage source to the first point (P1) at
which the voltage measurement is to be cali-
brated.

Recommended voltage: 12 V.
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7] Press <ENTER>.
Message reading:
Please wait...
20sec

Switch on F1
Press ENTER

8] Set switch F1 to its upper (ON) position.

9] Press <ENTER>
Message reading:
P1
Input: 012.00V

10])Change the voltage shown on the display to the
value read from the reference instrument (volt-
meter).

11]Press <ENTER>.
Note: If a message reading "Error !!! input too
low" appears, check that the voltage source
is connected properly to the "VOLTAGE SENSE"
input and also the terminals used for the battery
current.
Message reading:
P2: max. 480V
Input: 450.00V
12] Adjust the voltage source to the value to be used
for point 2 (P2).
Note: The P2 value suggested by TORKEL is dif-
ferent for TORKEL 820, TORKEL 840 and TORKEL
860.
Change the voltage shown on the TORKEL display
to the value read from the reference instrument
{voltmeter).

13]Press <ENTER>.
Message reading:
Disconnect
Battery!

14)Disconnect TORKEL from the voltage source.
F1 will trip.

4. Calibrating of external

current

1] Message reading:
CALIBRATE Ext.l ?
No

2] Change to "Yes” using the vertical arrow keys (¥
or a),

Calibration must be done at two points, called P1
and P2.
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3] Press <ENTER>
Message reading:
P1: 10mV
Input: 010.00mV
4] Connect the voltage source to the EXTERNAL
CURRENT MEASUREMENT input.
Adjust the voltage source to the value to be used
for point 1 (P1).
Measure the voltage with a reference instrument.
Change the voltage shown on the TORKEL display
to the value read from the reference instrument
(voltmeter).

5] Press <ENTER>.
Message reading:
P2: 900mV
Input: 900.00mV
6] Adjust the voltage source to the value to be used
for point 2 (P2).
Change the voltage shown on the TORKEL display

to the value read from the reference instrument
{voltmeter).

7] Press <ENTER>.
Message reading:

PRESS ENTER TO
STORE CALIB DATA

8] Press <ENTER>
Message reading:

MAIN MENU
Test battery

Connect
Battery !

Calibration is now completed.
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Resetting TORKEL

General

This procedure has two purposes:

¢ To set the calibration values to calculated
standardized values {useful if the calibration has
become invalid or is lost).

 To restore the contents of the control memory
after a message reading “Checksum error” has
appeared.

Resetting TORKEL can never be fully equivalent with
regular calibration carried out using accurate and
traceable reference instruments. However, it provides
you with a quick and simple way to deal with a situa-
tion in which no calibration values at all are available.
The result of the reset procedure is about 1 to 3%
accurate except for the external current measurement
where the accuracy will be poorer. Resetting must
always be followed by calibration of the zero levels,
which is a part of the regular calibration procedure. A
complete calibration procedure should be conducted
as soon as possible however.

It is possible to combine resetting and calibration. First
perform a reset and then calibrate the measurement
ranges for which required sources are available. An-
swer “No" for the ranges that cannot be calibrated.
Standard calibration values will then be used for these
ranges.
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Note When a reset is performed on TORKEL the
settings will be changed to the factory
(default) settings.

Performing a reset

1] Press the <ESC> key and the arrow up () key
simultaneously while switching on TORKEL.

2] Press <ENTER> to confirm the reset as promted
on the display.
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8 Specifications

Torkel 820
Basic inaccuracy  +(0.5% of reading +0.1 V)
' Resolution 0.1V
Specifications are valid at nominal input voltage and an ambient Display range 0.0 - 500 V
temperature of +25°C, (77°F). Specifications are subject to change Basic inaccuracy  +(0.5% of reading +1 V)
without notice. = -
Envi — Resolution 0.1V
! _“.‘f'AIo'I‘."'::‘_’-:'%__Id. S S Time measurement
pplication fie e instrument is intended for use in - P - —
high-voltage substations and industrial Basicinaccuracy _ #0.1% of reading =1 digit
environments. Storage of measured values
Temperature Torkel stand alone
Operating 0°C to +40°C (32°F to +104°F) Time (max) 10h
Storage & -40°C to +70°C (-40°F to +158°F) Time interval 65
transport Torkel Win
- Humidity 5% — 95% RH, non-condensing Time (max) 24 h
CE-marking " __ Timeinterval 1-24s .
LVD Low Voltage Directive 73/23/ EEC am. Load section
by 93/68/EEC Battery voltage 10 -60V DC
EmMC EMC Directive 89/336/EEC am. by Max. current 270 A
91/263/EEC, 92/31/EEC and 93/68/EEC
— d—»rE — Max. power 15 kW
Staﬂ ards =—=— — S Load patterns Constant current, constant power, con-
Safety standards IEC 61010-1:2001 Incl. national dev. for stant resistance, current or power prof”e
US and CA : K M
EN 6101012001 Currentset't/ng 0-270.0 A(2999.9 A)
— EMCstandards __EN 61326: 1997+A1:1998+A2:2001 GRS B Q-0 D D) )
General 3= ] Zesrstance/semng ;).1-2999.8? - —
Mains voltage 100 — 240 V AC, 50/60 Hz r;;;e;y voltage ofr?:S%][es, selected automatically at start
Zg;v?gqgogrsump = U Stabilization (For ~ £(0.5% of reading + 0.5 A)
X - internal current
Protection Thermal cut-outs, automatic overload measurement)
- - RISIEEtioh Battery Highest permissi-  Resistor ele-
Dimensions voltage ble current ment (Nominal
Instrument 210 x 353 x 700 mm values)
(8.3"x13.9" x27.6") Range1 10-276V 270A 0.069 Q
Transport case 265 )(”460 X 7"50 mm” Range2 10- 552V 270 A 01380
(10.4" x 18.1" x 29.5") 4 ‘ )
Weight 273 kg (49.2 Ibs) ) 1) Mu><|r_num value fcic:_system_v\fth more_thcn qne_loud unit
40.4 kg (89.1 Ibs) with accessories and Inputs, maximal values
transport case EXTERNAL CURRENT 1V DC, 300V DC to ground. Current
Display LCD MEASUREMENT shunt should be connected to the nega-
Available lan- English, French, German, Spanish, tive side of the battery
guages Swedish o START/STOP Closing/opening contact
Measurement section Clpsing and then openir?g the contact
= will start/stop Torkel. It is not possible
Current measurement to keep the contacts in closed position.
Display range 0.0-2999 A (Min. time open is 25 ms).
Basic inaccuracy  +(0.5% of reading +0.2 A) Delay until 200-300 ms
Resolution 01 A start
Internal current measurement Stop delay 100 - 200 ms
Range 0-300A Battery 60V DC, 500V DC to ground
Input for clamp-on ammeter VOLTAGE SENSE 60V DC, 500 V DC to ground
Range 01V SERIAL <15V
mV/A-ratio Software settable, 0.3 to 19.9 mV/A ALY éggllezcs?&zs a
Inputimpedance  >1 MQ 250V AC 8 A

Voltage measurement
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_Outputs, maximal values
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Torkel 840/860

TXL Relay contact o r e

SERIAL <15V

ALARM Relay contact Specifications are valid at nominal input voltage and an ambient

Discharging capacity, examples
12 V battery (6 cells) ?

temperature of +25°C, (77°F). Specifications are subject to change
_without notice.

Final voitage Constant current Constant power Enwmn.m.ent, . — -
1.80 V/cell (10.8 V) 0—121A 0-131 kW Application field ;he instrument is mtgnded fon: use in
igh-voltage substations and indus-
1.75 V/cell (10.5 V) 0-17A 0-1.23kw trial environments.
1.67 V/cell (10.0 V) 0-110A 0-1.10 kW Temperature
24V battery (12 cells) ¥ Operating - 0°C to +40°C (32°F to +104°F)
1.80 V/cell 21.6 V) 0-270A 0-58kW Storage & trans-  -40°C to +70°C (-40°F to +158°F)
1.75 V/cell (21.0 V) 0-266A 0-5.59 kW port .
1.60 V/celt (19.2 V) 0-241A 0-4.63 kW _ Humidity 5% —95% RH, non-condensing
48V battery (24 cells) ? CE-marking
1.80 V/cell (43.2 V) 0-270A 0-11.6 kW LVD ' Low_Voltage Directive 73/23/ EEC
1.75 V/cell (42.0 V) 0-270A 0-11.3kw am. by 93/68/EEC
1.60 V/cell (38.4 V) 0-259 A 0-9,9 kw EMC EMC Directive 89/336/EEC am.
by 91/263/EEC, 92/31/EEC and
2}2.15 V per cell when test starts 93/68/EEC
General gl e -
Mains voltage 100-240V AC, 50/60 Hz
Power consumption 150 W
(max)
Protection Thermal cut-outs, automatic over-
load protection
Dimensions
Instrument 210x 353 x 700 mm
(8.3" x13.9" x27.6")
Transport case 265 x 460 x 750 mm
(10.4" x 18.1" x 29.5")
Weight 21.5 kg (47.4 tbs)
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38 kg (83.8 Ibs) with accessories and
transport case.

Display : LCD
Available languages  English, French, German, Spanish,

o Swedish B
Measurementsection . |
Current measurement
Display range 0.0-2999 A
Basic inaccuracy +(0.5% of reading +0.2 A)
Resolution 0.1A
Internal current measurement
Range 0-300A
Input for clamp-on ammeter
Range 0-1V
mV/A-ratio Software settable, 0.3 to 19.9 mV/A
Input impedance >1 MQ

Voltage measurement
Display range 0.0 - 60 V
Basic inaccuracy +(0.5% of reading +0.1 V)

Resolution 01V
Display range 0.0 - 500 V
Basic inaccuracy +(0.5% of reading +1 V)
Resolution (AR
Time measurement
Basic inaccuracy +0.1% of reading £1 digit
Storage of measured values
Torkel stand alone
Time (max) 10h
Time interval 6s
Torkel Win
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48V battery (24 cells)?

1.80 V/cell (43.2 V) 0-110A 0-4.75 kW
1.75 V/cell (42.0 V) 0-110A 0-4.62 kW
1.60 V/cell (38.4 V) 0-110A 0-4.22 kW
110 V battery (54 celis)®

1.80 V/cell (97.2 V) 0-110A 0-10.7 kW
1.75 V/cell (94.5 V) 0-110A 0-10.4 kW
1.60 V/cell (86.4 V) 0-110A 0-9.5kw
120V battery (60 cells)?

1.80 V/cell (108 V) 0-10A 0-11.9kwW
1.75 V/cell (105 V) 0-110A 0-11.5kW
1.60 V/cell (96 V) 0-110A 0-10.5kW
220 V battery (108 cells)?

1.80 V/cell (194 V) 0-55A 0-10.7 kW
1.75 V/cell (189 V) 0-55A 0-10.4 kW
1.60 V/cell (173 V) 0-51.0A 0-8.82 kW
240V battery (120 cells)?

1.80 V/cell (216 V) 0-55A 0-11.9kW
1.75 V/cell (210 V) 0-55A 0-11.5kW
1.60 V/cell (192 V) 0-55A 0-105kw
UPS battery (180 cells) ¥ (TORKEL 860)

1.70 V/cell (306 V) 0-38A 0-15kw
1.60 V/cell 288 V) 0-38A 0-15kwW

UPS battery (204 cells) ? (TORKEL 860)

1.80 V/cell (367 V) 0-34A

0-15kwW

Time (max) 24 h
o Timeintecval ____1-24s
Load section
Max. battery voltage 288 V DC (TORKEL 840)
480V DC (TORKEL 860)
Max. current 110A
Max. power 15 kW
Load patterns Constant current, constant power,
constant resistance, current or
power profile
Current setting 0-110.0 A(2999.9 A) ¥
Power setting 0-15.00 kW (299.99 kw) "
Resistance setting 0.1-2999.8 O ‘
Battery voltage range, 4 ranges, selected automatically at
TORKEL 840 start of test
Battery voltage range, S ranges, selected automatically at
TORKEL 860 start of test
Stabilization (For +(0.5% of reading +0.5 A)
internal current meas-
urement)
Battery volt- Highest permis-  Resistor ele-
age sible current ment (Nomi-
nal values)
Range1 10-276V M0 A 0.165Q
Range2 10-552V 110 A 0.275Q
Range3 10-144V 1M0A 0.55Q
Ranged4 10-288V 55 A 330
Range 10-480V 55 A (maxpower  3.3Q
52 15 kW)

1.60 V/cell (326 V) 0-34A

0-15 kW

3} 2.15V per cell when test starts

1} Maximurn value for a system with more than one load unit

2) TORKEL 860

Inputs, maximal values

EXTERNAL CURRENT 1V DC, 300V DC to ground. Cur-
MEASUREMENT rent shunt should be connected to
the negative side of the battery
START/STOP Closing/opening contact
Closing and then opening the
contact will start/stop Torkel. Itis
not possible to keep the contacts in
closed position. (Min. time open is
25 ms).
Delay until start 200 —300 ms
Stop delay 100 - 200 ms
Battery 480V DC, 500V DC to ground
VOLTAGE SENSE 480V DC, 500V DC to ground
SERIAL <15V
ALARM 250vDCO0.28A
28VDC8A
- 250 VAC 8 A
Outputs, maximal values s,
START/STOP 5V,6 mA
TXL Relay contact
SERIAL <15V
"ALARM Relay contact

Discharging capacity, examples

12 V battery (6 cells)®

Final voltage Constant cur-  Constant
rent power

1.80 V/cell (10.8 V) 0-50.0A 0-0.54 kW
1.75 V/cell (10.5 V) 0-49.0 A 0-0.51 kW
1.67 V/cell (10.0 V) 0-46.0A 0-0.46 kW
24V battery (12 cells)®

1.80 V/cell (21.6 V) 0-110A 0-2.37 kW
1.75 V/cell (21.0 V) 0-110A 0-2.31kW
1.60 V/cell (19.2 V) 0-100A 0-1.92kw
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TXL 830 /850 /870 300 A at27.6V  at55.2V -
(24x2.3V)
235A at21.6Vv 43.2 A -
Specifications are valid at nominal input voltage and an ambient (24x1.8V)
temperature of +25°C, (77°F). Specifications are subject to change 100 A - - at124.2 vV
without notice. ) . (54x2.3V)
Environment 78.4A - - at97.2v
Application field The instrument is intended for use in (G4x1.8V)
high-voltage substations and indus-
trial environments.
Temperature ,
Operating 0°C to +40°C (32°F to +104°F)
Storage & transport  -40°C to +70°C (-40°F to +158°F)
Humidity 5% — 95% RH, non-condensing
CE-marking et
LVD Low Voltage Directive 73/23/ EEC
am. by 93/68/EEC
EMC EMC Directive 89/336/EEC am. by
91/263/EEC, 92/31/EEC and 93/68/
EEC
General S
Mains voltage 100 - 240V AC, 50/60 Hz
Power consumption  75W
(max)
Protection Thermal cut-outs, automatic over-
load protection
Dimensions
Instrument 210 x 353 x 600 mm
(8.3"x13.9" x23.6")
Transport case 265 x 460 x 750 mm
(10.4" x 18.1" x 29.5")
Weight 13 kg (28.7 Ibs)
21.4 kg (47.2 |bs) with transport case
Cable sets
for TXL830/850 2 x3 m (9.8 ft), 70 mm2, 270 A, with
cable Jug. Max. 100 V. 5 kg (11 |bs)
for TXL870 2x3m (9.8 ft), 25 mm2, 110 A, with
cable clamp/lug. Max. 480 V. 3 kg
(68l —
Load section
TXL830 TXL850 TXL870
Max. voltage (DC) 28V 56V 140 V/ 280 V
Max. current 300A 300A 112 Aat
140V
56 Aat 280V
Max. power 8.3 kw 16.4 kW 15.8 kW
Internal resistance, 3-position selector
Position 1 TXL830 TXL850 TXL870
Current 0.275Q 0.550 4950
100 A at276v at55.2v =
(12x23V) (24x2.3V)
78.5A at21.6Vv at43.2v -
(12x1.8V) (24x1.8V)
50.71A - - at248.4V
(108x2.3V)
39.2A - - at 194.4vV
(108x 1.8 V)
Position 2 TXL830 TXL850 TXL870
Current 0.138 0 0.2750 2480
200 A at27.6 v at55.2Vv -
(24x2.3V)
156 A at21.6v 432V -
(24 x 1.8 V)—
Position 3 TXL830 TXL850 TXL870
Current 0.092 Q 0.184 O 1.240Q
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A

ALAIMN L 13
ANMETET Lot 23
AUO-lIMIES ... 10
B

BasiC SETHNGS ...vvviieiei e 10
C

Cables ..o 44
Calculating current ......coooeiiiii e 36
Calibrating internal and external voltage................ 49
Calibrating internal current .......cococociiiniiieninnn. 49
Calibrating of external current ... 50
Calibrating zero levels ... 48
Changing language in TORKEL............ccccccciinnn, 32
Changing the language used in TORKEL ................ 32
CheckSUmM EITOF ... 51
Checksum error! ... ... 47
Circuit breaker ..o 13
Clamp-0n AMMEET .......oooiiieeiieiiee e 23
Connection 10 @ PC...ooviiiiiiii e 30
Constant current........coooiiiriii e 14
CONStaNt POWET ..., 16
Constant resistanCe. ... . uvevvevieieiee e 16
Current, regulate ......coccviiriiiie 36
CUrrent Cables ..o 14
Current [imitation ........ccoooeiiii e 36
CUTent SHUNT ..o 22
D

DC Clamp-0on AMMELEr ..c.vvvieiiiieecieeeeciee e 23
Desired CUMTENT .....vveeie et 36
DISPIAY -ttt 12
E

ENding the test ... .cooiverii e 15
Error: External f...coovvvieiii 47
External control.........ccccooviiiiii e 13
External current measurement .........ccooooiiiiiiiiiinnnnn. 12
EXtra Loads ......oooiiiiiii e 42
54

F

Bl e e 13
I

Installing TORKEL WiN.....c.oooocciiiiiiiiii e, 31
K

KBYS. et 12
L

LIPS e 12
LanQuage.......coo oo 32
Load-providing capability .........cccoeeerieiiinniiiiinnn, 38
Load CAPACITIOS ..vvieveeieieir et 37
Load Profile ....coooviieieie e 18
M

MaIN MENU ...ttt 10
MEIMOIY .o 10
N

New language into TORKEL .........cccooiviivniiniiecenns 31
o

Operator CoNtrol ..., 12
OVEICUITENT L 47
Overheated......c.ooooviioii e 47
P

Pausing the test .......coveieeiec e 15
P e 30
Power failure .......cccoooiiiii e 47
R

Regulate current .........cooveeoiiiiiiii e 36
Regulation time ........cccooviieiiiiic e 22,38
Resetting the alarm ..o 26
Resetting TORKEL ......oooviiiiiiciie e 51
RESUIS ..o 10
S

Select 1anguAage .......oooviieice e 10
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SERIAL ..ot 13
Serial e 13
Setting the current........cccoocooiiiiiiiii e 15
Setting up communication ...............cocoo oo 31
Setting up the extraload.............cccc.ooeiiii, 43
Software Key......cccooovoviiiiiiiiie 31, 51
START/STOP ... 13
Start/stop conNeCtor .......ccccovvvviiiiieiiceee e 34
Starting the test ... 15
Stop limit parameters........c..ocooieieiiieeiiiese 15
Store voltage CUrVe ......ccovivviiiiceceee e 30
SYSTEMS ..ot 39
System of TORKEL and TXL units..........cccooevveeeenn. 41
System TORKEL and TXL units.......ccccovviocinnnenne. 41
T

Testing with TORKEL Win..........cccooooiviiiinii 32
Test at constant current.............coooeiiii 14
Test method.....ooeeii 10
TORKEL load capacity.......c.ocovvvivciiiiiieeeiiiece 36
Torkel SYStemMS......oovvivieiiiiiiceeee e 39
TORKELWIN Lo 30
TORKEL Win software ..........cccccoovioivioeioiiiieeee 6
XL e 13
V)

Unable to regulate ..........cccooiiiiiinice i 46
\")

Voltage curve, Store .......c.oooviieiveceeieee 6, 30
Voltage range ........ocooeveeeiiiiiie e, 15, 47
W

Warning limit parameters..........cccccoeeveeiiiicnien. 15
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