2.3.6 Load and save user profiles

The Profile menu is used to select a profile for loading or to switch between a standard profile and 5 user profiles. A profile
is a collection of all the settings of a channel and its set values. When the device is delivered or after a reset procedure, all six
profiles have the same settings and most of the set values are set to 0. If the user then makes settings and changes values,
this is done in a work profile that is also saved after switching off. This work profile can be saved in one of the five user pro-
files or loaded from these five user profiles or from the default profile. The default profile itself can only be loaded. By working
with the profiles, you can even copy one from one channel to another.

The purpose of profiles is to quickly load a set of set values, adjustment limits and monitoring limits, for example, without
having to set them all again and again. As all settings for the HMI are saved in the profile, including the language, it would
also be possible to change the language of the HMI when switching from one profile to another.

When calling up the Profiles menu page and selecting a profile, its most important settings, such as set values, adjustment
limits, etc., can be viewed and also adjusted.

» How to save the current settings (work profile) in a user profile
1. With the DC terminal switched off and single channel view,

tapthe Menu button on the main page. In multi-channel view,

< status Profiles

Default profile U 00.00V |

the quick menu can alternatively be used to go directly to the
Profile menu page, which eliminates step 2.
2. Onthe main menu page, tap Profile.
3. Inthe selection that now appears (see example on the right),
choose between user profiles 1-5 to which you want to save. a (EL)..10000VY
The selected user profile is then displayed. You can check the
settings and values again here. USB Import/Export Save/Load
4. Pressbutton and in the following query save Save
profile? with
If any changes are made to a user profile, the profile cannot be loaded or saved initially. The user must
either save the change with “Save changes” or discard it with"Cancel”.
Loading a user profile is done in the same way, except that you have to tap under Load profile? at the end.
The user profiles can also be saved to or loaded from a USB stick. This is done via .If you want to load a

profile from another channel into the current one, you would first switch to the source channel, save the default profile in one
of the user profiles in the Profiles menu, then switch back to the target channel and load the user profile.

» How to edit a user profile

1. With the DC terminal switched off, tap on the }‘m\ button on the main page.
On the main menu page, tap Profile. Menu

In the selection that now appears, select the user profile that you want to change. The selected user profile is then
displayed.

Tap on a value to be changed and enter a new one. As soon as one of the values has been changed, the
button changes to

When finished, tap to save the profile. It is not yet active at that moment.

Optional: to use the profile that has just been changed, it must be loaded into the work profile. This is done by tapping
and in the subsequent query Load profile?.

o ~ WN
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2.3.7 The Graph

The device has a visual display of the voltage, current and power curve of the selected channel, called Graph, which can only
be called up when operating the HMI. This is not a recording function. The graph can be started in normal mode (no func-
tion running) and single channel view via the quick menu, in function generator mode via a separate screen with the same
appearance. Once called up, the graph is displayed in full.

C Only limited status and operating options on the graph screen! For safety reasons, however, it is possible
to switch off the DC terminal of the channel currently in use at any time using the On/Off button.

Overview:

40.00V 190.0A = 7600W Alarm: None

u(v) I(A)
100.00 12500

90.00 11250
80.00 1000.0
70.00 875.0
60.00 750.0

50.00 625.0
40.00 500.0
30.00 375.0
20.00 ; 250.0
10.00 1250

0

0.00 00
(i3 @ =

Operating options:

e Tapping on the graph area pauses the graph or tapping it again restarts it

Tapping on the centreof the three red/green/blue control buttons disables or enables the corresponding plot
Tapping on the sides (left/right arrows) of the three red/green/blue control buttons changes the vertical resolution
Tapping on the sides (left/right arrows) of the black control surface changes the time resolution

Swipe on the three scales (Y-axis) to move them

Tap the menu icon (§) to exit the graph at any time
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2.4 Remote control

2.4.1 General information

Remote control is always possible via one of the built-in interfaces (USB, Ethernet, CAN, EtherCAT). It is important that only
one of the interfaces can be engaged. This means, for example, that if you tried to switch to remote control via EtherCAT
when remote control via Ethernet is active, the device would reject this. In this case, it would be necessary to exit remote
control via Ethernet first.

Monitoring, i.e. monitoring the status or reading out values, is always possible, even via several interfaces at the same time.

2.4.2 Control locations

Control locations are the locations from which a device is controlled. There are basically two: on the device (manual control)
and outside (remote control). The following control locations are defined:

Control location according to display Explanation

Remote control: None If neither of the other two control locations is displayed in the status field,
manual control is active and access via the digital interfaces is enabled

Remote control: <interface name> Remote control via one of the interfaces is active

Local Remote control is locked, device can only be operated manually

Remote control can be permitted or blocked via the setting Allow remote control (see «2.3.7.7 “Settings” submenu»). When
locked, the status Local can be read in the status field at the top right of the display. Activating the lock can be useful if soft-
ware or electronics normally control the device remotely all the time, but you need to tamper with it to make a setting or in
an emergency, which would otherwise not be possible with remote control.

The lock or the Local status can only be enabled on the control panel (HMI). If this happens while the remote control is
already active, you will be asked whether you want to end it, which you will be asked to do as soon as you select Yes. How-
ever, the remote control is then not locked by Local and you would first have to go to the menu to lock it there. This can be
interrupted by the control software.

2.4.3 Programming

Details on programming the rear interfaces, the communication protocols etc. can be found in the separate programming in-
structions, which are supplied with the device on a USB stick or can be downloaded from the device manufacturer's website.

2.4.4 Interface monitoring

The interface monitoring function is used to monitor the digital communication connection between a controlling unit (PC,
PLC, etc.) and the device. The aim of monitoring is to ensure that the device does not continue to work undefined if the com-
munication connection is interrupted. An interruption can occur if a data line is physically disconnected (defect, poor contact,
cable removed), the interface in the device no longer functions as expected or an intermediate unit (server) has disconnected
the connection.

Only the digital interface via which the device is currently being controlled is monitored. This also means that this monitoring

is inactive as long as a device is not under remote control. Monitoring can only work if the device is communicated with at

least once within a definable period of time. For this purpose, the user sets a timeout that is reset by the device each time a

message is received.

However, if the time window expires, the following is defined as the reaction of the device:

e The remote control is terminated

e The DC terminals, if switched on, are either switched off or remain switched on, as specified separately for each channel
with the setting DC terminal -> State after remote (see section «2.3.7.7 “Settings” submenu»)

ﬁ Attention! The setting “DC terminal -> State after remote” is channel-specific! This means that the inter-
face monitoring would not necessarily switch off all DC terminals after the timeout has expired.

Instructions for use:

e The interface monitoring timeout can be changed at any time; the changed value only becomes effective after the time of
the current timeout has expired

e The interface monitoring does not deactivate the Ethernet timeout (see section «2.3.7.6 “Communication” submenu»), so
both timeouts can overlap
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2.4.5 Fast stop

The Fast stop function is an on-demand, remotely triggered, direct and simultaneous switch-off of all three DC terminals via
the"Digital In/Out Port” interface, with either a normally closed or normally open contact and a two-wire line.

To be able to control the Fast stop, two things must be in place:

a) Pins 1 and 2 of the "Digital In/Out” port (see section 5.9.7 in the installation manual) are connected to a controlling appli-
cation by cable (two-wire). The application must apply a voltage to the pins.

b) The Fast stop function is enabled for the device (see «2.3.1.7 “Settings” submenu»). Otherwise, triggering the fast stop via
pin 1 would be ignored.

0 This fast stop should not be confused with an emergency stop!

The following always applies to the enabled Fast stop:
e The Fast stop cannot be enabled for specific channels

o If the Fast stop is triggered while at least one of the DC terminals is switched on, all of them are switched off, regardless
of what the device is currently doing; an alarm is also displayed, which cannot be canceled until the level on pin 1 changes
again and which must be canceled so that the DC output can be switched on again

e Pin 1 is either active HIGH or active LOW, this means that if active HIGH is selected, a HIGH signal at the pin would trigger

the Fast stop and if active LOW is selected, a LOW signal would be triggered, which would also be active in this case if
nothing is connected to pin 1

o If the respective DC terminal is switched off while the level on pin T changes to or is already at the level that was selected as
the active level, the DC terminal can no longer be switched on for the time being, either manually or by digital remote control;
thisis a kind of switch-on blockade that can prevent any of the three DC terminals from being switched on if necessary. If an
attempt is made, a corresponding message appears on the display.

e Activating the master-auxiliary mode disables the fast stop function on all aux units initialized by the master; these would
then ignore the signal on pin 1
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2.5 Other functions related to the testing of batteries

2.51 Measurement of negative battery voltages

Due to an effect with fresh, so-called “green” batteries, their voltage can be negative before the first charge, but only very
low, typically between 0 and -0.6 V. The device can measure and display this negative voltage at the DC terminal and at the
“Sense” input, if connected. The latter is typically connected, for example, if a contactor is integrated into the DC circuit so
that the battery voltage can be detected when the contactor is open.

Measuring range of the negative voltage: approx. -0.6 V..0 V

If a voltage less than-0.6 V is present, the device can no longer measure this and the measured value -0.6 VV would remain on
the display. If this voltage is also present at the DC terminal, it would be critical, as reverse polarity could damage the device.

The additional “Sense 2" input can also measure negative voltage, but evaluates it differently, as it is used to recognize a
battery that has already been charged once and is connected with reverse polarity. Such a battery would normally have a
voltage of more than 0.6 V, which would exceed the limit of -0.6 V if the polarity were reversed and would trigger a polarity
error on the device if measured at sense 2.

2.5.2 False polarity protection

A protection against reversed or false polarity consists of two components: detection of the negative voltage of a source
connected to the battery tester and a disconnecting device (DC contactor). The detection of a battery connected with false
polarity serves to protect both the battery and the device. This assumes that the device is configured to control the discon-
necting device “external contactor” itself, it can also implement protection together with the contactor by not allowing a
battery test to be started.

The battery voltage is detected via the remote sensor input (sense 2) for reverse polarity protection. If not clearly negative
(greater than -2% of the nominal voltage) and therefore not considered to have reverse polarity, the contactor is released. If
reverse polarity is detected, this generates an alarm-type event that outputs a message on the display and switches off the
DC terminal if it is switched on. The alarm also has the task of preventing the DC terminal from being switched on as long as
the polarity reversal condition exists.

Once the cause has been eliminated and the alarm acknowledged, the DC terminal is enabled again.

2.5.3 Precharging

If a contactor is used, the so-called precharging during battery testing is used to precharge the DC terminal of the device to
the voltage measured at the battery so that the contactor has a very small voltage difference on both sides of its contact and
can switch on with virtually no current. The precharging functionality can be used in the automated battery test or manually.

2.5.4 Contactor control

If a contactor is used, this function is used to control the contactor using digital outputs. The contactor control can be used
in the automated battery test or manually.

2.5.5 Contactor monitoring

If a contactor with signaling contact is used, this function is used to monitor whether the contactor has switched by means
of digital inputs. The contactor control can be used in the automated battery test or manually. When this function is enabled,
an alarm is triggered if there is a discrepancy between the set value and actual value of the signaling contact during the
switching phase. Once the cause has been eliminated and the alarm acknowledged, the DC terminal is enabled again.

2.5.6 Zero current detection

If a contactor is used, this function is used to protect the contactor against high switch-off currents, which can have a neg-
ative impact on the service life of the contactor. If the function is enabled, the command to open the contactor is only given
after a zero current (threshold value current < 1 % of the nominal current) is reached. If no zero current has been reached
after 500 ms, the contactor is opened and an alarm is triggered. After the alarm has been acknowledged, the DC terminal is
enabled again.
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2.5.7 Battery tester mode

Before using the device as a battery tester, it should be determined for the application whether the battery

ﬁ is to be connected with or without a contactor. If with contactor, then this must be controlled, either ex-
ternally or by the device. For the wiring of a contactor, see section “6.3.9 Precharging, contactor control,
contactor monitoring and polarity detection”in the installation manual.

The battery tester mode has been developed for the efficient testing of T o ]

batteries. It contains the following set value specifications: 51.20V MA mode: Off

T W Remote: None

e There are two voltage set values: ABT: Init
e The set value labeled MIN belongs to the battery discharge and Alam: flone

defines the so-called final discharge voltage, i.e. a threshold at -100.0A ” @ @
i ! On/Off
On

which the control mode switches from CC to CV.

e The set value labeled MAX belongs to the battery charge and de-
fines the so-called end-of-charge voltage, i.e. a threshold at which

N Ne

off

. . . -100% enm—— E—— 100 A 2% a
the control mode switches from CC to CV so that trickle charging oo toooow e 1000w LD a
. . Menu  Settings Func Gen
is possible. 000

e There is a current set value BT. This can be positive or negative and thus determines the direction of current flow. A
negative current set value specifies current flow into the device, which means discharge for a connected battery.

e There are two power set values:

e The set value labeled DCH (short for: discharge) belongs to the battery discharge and defines the maximum power
when discharging the battery. If the set value is lower than the power resulting from the current voltage and current,
the power set value acts as a power limitation.

e The set value labeled CHA (short for: charge) belongs to the battery charge and defines the maximum power when
charging the battery. If the set value is lower than the power resulting from the current voltage and current, the power
set value acts as a power limitation.

e Optionally, the specification of the power set values can be replaced by the Ah counter function (see section «2.5.9
Ampere-hour counter).

2.5.71 General operation

Assuming that a battery to be tested is already connected to the battery tester with or without a contactor, testing can be
started. After setting the charging and discharging voltage thresholds, you can switch between charging and discharging
by adjusting one of the current set values (BT). The remote control of the current set value BT allows, for example, pulsed
charging or discharging, as well as dynamic charging/discharging profiles.

2.5.7.2 Set-up without contactor
A battery test without contactor is possible, but offers no

o
protection against reverse polarity. The user must ensure ] S::se
that the battery is connected with the correct polarity. J Jsense 2
Direct contact can cause equalizing currents to flow be- Battery - BT 20000
tween the device and the battery. + + Single | Channel

Assuming that the battery is to be discharged, the final dis-
charge voltage (MIN) would be set to a value to which the
battery is to be discharged so that the discharge stops at
this point (change of control mode from CC to CV). The
data sheet indicates how far a battery may be discharged.

An example of the configuration: the discharge current during testing should be 10C, a battery with a capacity of 3200 mAh
would then have to be discharged with 32 A:

. Set the end-of-charge voltage (MAX) if charging is to take place. For example 4.2 V.

. Set the final discharge voltage (MIN) if discharging is to take place. For example 2.7 V.

. Set the BT current, in this case negative, so that the test starts with discharge. For example 32 A as discharge current.
. Switch on the DC terminal.

A WON =
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After switching on and if the set values for charging or discharging are correct, the test starts and discharges the battery at a
constant current. The battery voltage drops more or less continuously in the direction of the final discharge voltage. As soon
as this is reached, the control mode changes from CC to CV so that the discharge current decreases continuously.

The next step would be to recharge the battery after discharging it:
5. Set the BT current to a positive value, in this case as the charge current.

2.5.7.3 Set-up with one contactor per channel (externally controlled)
See also «2.5.3 Precharging», «2.5.6 Zero current detection» and «2.5.4 Contactor control».
This design provides for a contactor in the positive wiring =T
of the battery, which is controlled externally, as shown in _s
. . ense
the diagram on the right. —{sense 2
The procedure before starting the actual test is identical to Battery ; - . BT 20000
that described in section 2.5.72in steps 1-3. NS + Single | Channel
PLC

Only step 4 is divided into individual sub-steps, some of which would be implemented by the device. Further information can
be found in the programming instructions. The additional sub-steps in step 4 represent the manual battery test:

4a. Activate precharging, if not already done.
4h. Switch on the DC terminal of the channel to be controlled so that it can be precharged.
4c. Read out the status of the precharge and only proceed to step 4d if positive.

4d. Close the externally controlled contactor. Wait for time x or use the feedback contact on the contactor to ensure that it
has switched.

4e. Disable precharging. The test can then be started.

2.5.7.4 Set-up with one contactor per channel (internally controlled)

See also «2.5.3 Precharging», «2.5.6 Zero current detection» and «2.5.4 Contactor control».
This design includes a contactor in the positive wiring of

= plo
the battery, which is controlled by the battery tester. The p Hsense
control setup can be carried out manually via remote con- J —Isense 2

BT 20000
Single | Channel

trol or automatically via the automated battery test (see Battery
«2.5.8 Automated battery test») and then includes pre- + NG +
charging, contactor on/off and feedback that the contac- |

: : AUX
toris closed, as well as optional zero current cut-off. 2V 4['_,

The procedure before starting the actual test is identical to
that described in section 2.5.7.2in steps 1-3.

Only step 4 is divided into individual sub-steps. Further information can be found in the programming instructions. The
additional sub-steps in step 4 should cause the contactor to switch on when de-energized. Step 4 would therefore be
divided into:

4a. Activate precharging, if not already done.

4b. Switch on the DC terminal of the channel to be controlled so that it can be precharged.

4c. Read out the status of the precharge and only proceed to step 4d if positive.

4d. Close the contactor (command, the device controls the contactor). Wait for time x to ensure that it has switched.
4e. Disable precharging. The test can then be started.
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2.5.7.5 Set-up with two contactors per channel (externally controlled)
See also «2.5.3 Precharging», «2.5.6 Zero current detection» and «2.5.4 Contactor control».

This design provides for one contactor each in the negative — )

and positive wiring of the battery. However, the BT 20000 - . Sense

device can only control one of the contactors itself, so that Battery —— | Jsense 2

external control of the other contactor is required. Alterna- * N - BT 20000
tively, both contactors can be controlled by the user. Basi- PLC : N + Single | Channel
cally, the operation of the battery test is completely shifted |__|:|_ :

to the remote control, because a mix of manual operation ay D_

and remote control would be too complicated.

The procedure before starting the actual test is identical to that described in 2.5.7.2 in steps 1-3. Only step 4 is divided into
individual sub-steps, some of which would be implemented by the device. Further information can be found in the program-
ming instructions. The additional sub-steps in step 4 should cause the contactor to switch on when de-energized. Step 4
would therefore be divided into:

4a. Close the externally controlled contactor in the negative connection to the battery. This is necessary because the Sense
connection measures the battery voltage for the purpose of precharging and needs the DC minus as a reference.

4h. Activate precharging, if not already done.
4c. Switch on the DC terminal of the channel to be controlled so that it can be precharged.
4d. Read out the status of the precharge and only proceed to step 4e if positive.

4e. Close the externally controlled contactor in the positive connection to the battery. Then wait for a time x or use the feed-
back contact on the contactor to ensure that it has switched.

4f  Disable precharging. The test can then be started.

2.5.8 Automated battery test

The automated battery test (short: ABT) enables batteries to be tested simply and effectively and offers extended control
and monitoring functionalities thanks to its flexibility. The configuration can be used to activate/deactivate individual func-
tions so that the ABT's control setup can be customized to the application. The functions are executed sequentially in logical
order when the DC output is switched on/off. If none of the ABT functions are enabled, the DC output switches on/off as
usual. To use the ABT function, the device must be in battery tester mode. In addition to the execution of functions, the ABT
also offers additional protective functions (precharge monitoring, DC contactor monitoring).

2.5.8.1 Configuration and control setup of the automated battery test

The ABT can be set via the HMI as follows. The functions that are enabled can become active either when the test is started
or when it is ended. The reverse polarity protection and precharge functions are run through in the start sequence (switch
on DC output). The zero current cut-off takes effect during the stop sequence (switch off DC output). Contactor Control and
Contactor Monitoring are active both when switching on and off.

Start sequence

DC on (command Reverse polarity Contactor control Contactor Execute user
DC on + Precharge o
or button) check (close) monitoring battery test

If individual functions are not enabled, they are skipped.
Stop sequence

DC off (command Zero current Contactor control Contactor
DC off . L
or button) detection (open) monitoring
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Some configuration examples of the ABT are listed below:
e Simple application without additional external components such as DC contactors. Sense 1 is used for load balancing

Function

Active Remark

Reverse polarity protection [no Can only be used when installing a DC contactor and wiring Sense 2
Precharge no Can only be used when installing a DC contactor
Contactor Control no Can only be used when installing a DC contactor
Contactor Monitoring no Can only be used when installing a DC contactor with a feedback contact
Zero current detection no Can only be used when installing a DC contactor
oo
Sense
—|Sense 2
- - BT 20000
Battery .
+ + Single | Channel

e Application with DC contactor and Sense 1

Function Active Remark
Reverse polarity protection [no Can only be used when installing a DC contactor and wiring Sense 2.
Precharge yes The DC terminal is charged to the measured voltage via Sense 1 before the DC
contactor is closed
Contactor Control yes When switching on, the DC contactor is closed after successful precharging. When
switching off, the DC contactor is opened when 0 A is reached.
Contactor Monitoring no Can only be used when installing a DC contactor with a feedback contact
Zero current detection yes Can only be used when installing a DC contactor
={DI0
Sense
—{Sense 2
- - BT 20000
Battery + .
} + Single | Channel
AUX

e Application with DC contactor, Sense 1 and Sense 2

Function Active Remark
Reverse polarity protection [yes Can only be used when installing a DC contactor and wiring Sense 2
Precharge yes The DC terminal is charged to the measured voltage via Sense 1 before the DC
contactor is closed.
Contactor Control yes When switching on, the DC contactor is closed after successful precharging. When
switching off, the DC contactor is opened when O A is reached.
Contactor Monitoring no Can only be used when installing a DC contactor with a feedback contact
Zero current detection yes Can only be used when installing a DC contactor
={pIo
Sense
Sense 2
- - BT 20000
Battery + .
} + Single | Channel
AUX
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e Application with DC contactor including feedback contact, Sense 1 and Sense 2

Function Active Remark

Reverse polarity protection [yes Can only be used when installing a DC contactor and wiring Sense 2.
Precharge yes The DC terminal is charged to the measured voltage via Sense 1 before the DC
contactor is closed.
Contactor Control yes When switching on, the DC contactor is closed after successful precharging. When
switching off, the DC contactor is opened when 0 A is reached.
Contactor Monitoring yes Can only be used when installing a DC contactor with a feedback contact.
Zero current detection yes Can only be used when installing a DC contactor
== DIO
} Sense
I Sense 2
Battery : - BT 20000
+ J\ + Single | Channel
I
AUX
24V _:D_,

2.59 Ampere-hour counter

This counter enables a defined amount of charge to
be drawn from or charged to the battery. Activating the
counter replaces the power setting, so it is not possible to
use both operating modes at the same time.

There are various setting options, which are explained in

"~ Channel 1 [ ]
BT 20080-340

CV MA mode: Off
Remote: None
ABT: Init
Alarm: None

51.20V
(MAX)  54.50V

+100%

more detail below. Mode can be used to select the way |BR _1 00 OA o o

in which the counter is aggregated. The f?g ! +100% @ @
mode is enabled by default, in which the sum of the ' e

charged and discharged charge is calculated and output ~N Ne

as a signed value. With , two inde-
pendent values are determined, one for CHA and one for
DCH.

On off
(CHA) 10000W I S
Menu  Settings Func Gen
(o« s)

H) -10000W

i [ )

Settings

Channal 1~ Ah limit (CHA) and Ah limit (DCH) can be used to define
set values which, when reached, trigger an action. With

, the device continues to run according to the set

€ Main menu

USB logging Ah mode () values without any additional action,
sets the set value current to 0 A and outputs a signal. If a
Reset/ Restart Mode Delta (CHA - DCH) is enabled, a warning is generated when the set

T Actual Ah (CHA - DCH) ST o values are reached and the alarm switches the output off

and generates an alarm message. If a DC contactor is

Ext. 1en_1tp§rature Ah limit (CHA) 120.00Ah connected and contactor control is enabled, it is opened.
monitoring . .

eereaeey | A limit (DCH) 2500040 The reset mode defines the conditions under which the

monitoring : Ah counter is reset. Here, means that the Ah

Action None . . .
Ampere-hour counter is not reset. With , the user must actively
counter Reset mode Disable reset the Ah counter. This can be done via the HMI or via

Battery test
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3. The function generator
31 Introduction

The function generator is not available if the device is operating in “Battery tester” mode (BT mode, see
«2.5.7 Battery tester mode»).

Caution! The Function Generator is channel-specific. If channel grouping is not active, it can therefore be
& configured and started separately for each of the three channels and thus also run in the background.
This must be handled with a certain amount of care.

The built-in function generator (short: FG) is able to generate curves of different shapes and apply them to either the voltage
(U) or the current (I).

The default functions are based on a variable arbitrary generator. With manual operation, the functions can be selected,
configured and operated individually. With remote control, these can only be configured and implemented indirectly via sev-
eral sequence points, each with 8 parameters.

Other functions, such as fuel cell simulation, are based on an XY generator, which works with a table (4096 values) loaded
into the device or calculated by the device.

The following functions can be called up, configured and controlled manually:

Function Brief explanation

Sine Sine wave signal generation with adjustable amplitude, offset and frequency

Triangle Triangular signal generation with adjustable amplitude, offset, rise and fall time

Rectangle Rectangular signal generation with adjustable amplitude, offset and pulse-pause ratio

Trapezoid Trapezoidal signal generation with adjustable amplitude, offset, rise time, pulse time, fall time, pause
time

DIN 40839 Emulated vehicle engine start curve according to DIN 40839 / EN ISO 7637, divided into 5 curve seg-
ments (sequence points), each with start voltage, end voltage and time

Arbitrary Generation of a sequence of up to 99 freely configurable curve points, each with start value (AC/DC), end
value (AC/DC), start frequency, end frequency, phase angle and duration

Ramp Generation of a linearly increasing or decreasing ramp with start value, end value, time before and after
the ramp

XY table XY generator, current curve loadable from USB stick (table, CSV)

FC table (PS) Function for simulating fuel cells, with calculation based on parameters

Battery test Battery charging and discharging with constant or pulsed current, as well as time, Ah and Wh measure-
ment

3.2 General information

3.21 Structure

The device has a built-in Function Generator, but is not a high-performance function generator in its entirety and must not be
regarded as such. The power stages are only connected downstream of the generator. The typical characteristics of voltage
and current in terms of rise times and capacitor discharge are retained, especially in source mode. While the FG is able to
generate 10000 Hz with a sine function, the device or the channel, when operated as a source, will never be able to follow this
1:1. Sink operation is similar, but fundamentally better, because the current is in the foreground here.

Clarification: Effect of the output capacitance on functions:

TS
=

FG ——» DC C{ DC out

- &Q

The resulting curve at the DC terminal depends heavily on the frequency or period, generated signal shape, amplitude and
device model. The effects of the performance levels can only be partially compensated for. In source operation and with
dynamic voltage generation, on which the capacitances have the greatest influence, an additional load on the DC terminal
can lead to shorter rise and fall times of the voltage. This modification has a positive effect on periodically repeated functions
such as rectangles or sines.
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In the “channel grouping” operating mode, where the three DC terminals are normally connected in paral-
lel, the output capacitance is tripled and thus also its effect on function sequences.

3.2.2 Resolution

For the functions generated by the arbitrary generator, the device can calculate and set a maximum of 52428 steps between
0..100% set value. With very low amplitudes and long times, only a few or no changing values may be calculated during a
value increase or decrease and therefore several identical values are set one after the other, which can lead to a certain stair-
case effect. Not all possible combinations of time and a variable amplitude (gradient) are feasible.

3.2.3 Possible technical complications

If the device is operated as a voltage source, applying a function to the set voltage value can damage the device if this chang-
es very quickly and with a large stroke, as the capacitors at the output would also be constantly recharged, which would lead
to heating and eventually overheating during continuous operation.

3.2.4 Working method
To understand how the Function generator works and how the set values affect each other, the following must be observed:
The device always works with the three set values U, | and P, even in Function Generator mode.

The selected function can be applied to one of the two set values U and |, the others are then constant and have a limiting
effect. For example, if you connect a source with a voltage of 100 V in sink mode and want to apply the sine function to
the current with an amplitude of 40 A and an offset of 50 A, the Function Generator will generate a sine wave of the current
between 10 A (min.) and 90 A (max.). At the same time, this would result in an input power of between 1000 W (min.) and
9000 W (max.). However, the output is always limited to its set value. If it were set to 7000 W, for example, the current would
be limited to 70 A by calculation and if it were displayed on an oscilloscope using a current clamp, it would be capped at 70
A and never reach the desired 90 A.

To further understand how the device works in dynamic operation, be sure to read the following:

e The device also includes a sink that discharges the capacities of the device at its own DC terminal in
the event of negative voltage steps in source operation, i.e. higher voltage to lower voltage, so that the
output voltage drops more quickly. This requires a certain current and therefore also a certain power,
both of which can or should be set for almost all of the functions listed below, specifically “I (EL)” and
“P (EL)". For safety reasons, the current value “I (EL)" is initially set to 0 at the start of the configuration

& of the function, which disables the sink mode for the time being.

e The sink current, as can be set with “I (EL)", will also load an external source or discharge any capac-
itance on a load if it is not set to 0 and must therefore be selected with particular care, as the current
also affects the cable cross-sections of the lines to the load/source. Recommendation: Set “I (EL)” to
at least I . Of the resulting curve.
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3.3 Manual operation
3.31 Selection and control of a function
One of the functions listed in «3.7 Introduction» can be called Up, e
configured and controlled via the touch screen. Selection and con-  [REaa Function Generator
figuration are only possible when the DC terminal is switched off. Mode selection
» How to configure a function (] votiege

1. Withthe DCterminal of the currently selected channel switched I curent

. f
off, tap on Func Gen ptton. Amplitude (A) 15.00V

Arbitrary Offset (0) 20.00V

2. Select the desired function from the menu on the left. For some,
you must first select the set value to which you want to apply SRS e
the function, Voltage or Current.

3. Now set the values as required and go to .

4. The next step is to set the so-called static set values for voltage and power or current and power for the channel, sep-
arately for source and sink operation. These values are effective before the start and stop of the function.

- If the function is only to run in source or sink mode, it is recommended to set the limit values of
the other operating mode to 0.

« The limit values for U, | and P act immediately on the load or external source after reaching the
main screen because the DC terminal is automatically switched on after the function is loaded in
0 order to establish the start situation. This is helpful if a function is not to start at 0 VVor 0 A. How-
ever, if you want the function to start at O, the static set value would have to be set to 0, which is
not permitted in a master-auxiliary system, as the auxiliary units would then have a set value of 0.
Switching on the DC terminal after the function has been loaded can be prevented by activating
the “Set DC terminal only active during running function” switch.

5. Exit the configuration and switch to the function generator screen with .

The individual parameters of the functions are described below. Once the settings have been made, the function is loaded,
the DC terminal is switched on and can then be started. The global limit values and function-related values can be set before
and while the function is running.

[ ) L ]
Rectangle

Alarm: None

» How to start and stop a function

1. Youcan start the function by either tapping on the ° button
or, if the DC terminal of the selected channel is currently off, _ 8400W
by pressing the On/Off button. (EL) 10000W__ (PS) 10000W

2. Stop the function using either the O button or the On/Off

button, but there is different response here:

@ Start Rg Qop
a) Control panel o: Function only stops, the DC terminal remains on, with static values.

b) On/Off button: Function stops and the DC terminal is switched off.

action = alarm, the function sequence stops automatically, all DC terminals are switched off and the alarm

0 In the event of device alarms (power fail, overheating, etc.), protective functions (OPP, OCP) or events with
is signaled.
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3.4 Sine function
Restrictions related to this function:

e It is not possible to preselect only source or only sink operation; the setting values determine which of the two the curve
affects, i.e. whether only source operation, only sink operation or both alternately

e When applied to the voltage, the device can only operate in sink mode if the voltage applied to the DC terminal is higher than
the highest point (offset + amplitude) of the curve and the current "l (EL)" is not 0

The following parameters can be configured for the sine function:

Parameters Setting range Explanation
Frequency (f) Static frequency of the sine signal to be generated

Amplitude (A) [0..(nominal value of U or | - |Offset]) | Amplitude of the signal to be generated

Offset (0) 0...(Unom - Amplitude) or Offset, related to the zero crossing of the mathematical sine
-(Inom - Amplitude).. +(Iyom- Amplitude) | curve

Pictorial representation: Application and result:

Ul A normal sinusoidal signal is generated and applied to the
A selected set value, for example current. By selecting the appro-
| priate setting values, the device can only apply the sine wave to
- = either source mode or sink mode, but can also switch dynami-
| cally. The picture on the left illustrates the curve (yellow = source,
| green = sink) with change of operating mode at the zero cross-
| ing. While the amplitude is always an absolute value, the offset
| can also be shifted into the negative range in I mode.

_—— —/— — To calculate the maximum power resulting from the curve, the

Amplitude

set current amplitude must first be added to the offset.

4P| Offset

| »t Example: With a voltage of 100 V and sin(l), you set the ampli-
| tude to 60 A with an offset of +20 A. The resulting maximum
| power when the highest point of the sine curve is reached would
| then be (60 A+ 20 A)* 100V = 8000 W in the source component
| and (20 A-60 A) * 100 V = -4000 W in the sink component.

1

I

3.5 Triangle function
Restrictions related to this function:

e |t is not possible to preselect only source or only sink operation; the setting values determine which of the two the curve
affects, i.e. whether only source operation, only sink operation or both alternately

e When applied to the voltage, the device can only operate in sink mode if the voltage applied to the DC terminal is higher than
the highest point (offset + amplitude) of the curve and the current "l (EL)" is not 0

The following parameters can be configured for the triangle function:

Parameters Setting range Explanation
Amplitude (A) |0...(nominal value of U or | - |Offset|) |Amplitude of the signal to be generated
Offset (0) 0-.(Unom - Ar31plitude) or . Offset, related to the base of the triangle
-(Ivom- Amplitude).. +(Inom- Amplitude)
Time t1 Time At of the rising edge of the triangular signal
Time t2 Time At of the falling edge of the triangular signal
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Pictorial representation:

Offset

Amplitude

d
Ly

t2

t1

Application and result:

A triangular signal is generated for application to the current or
voltage. The rising and falling edge times can be set separately.

The offset shifts the signal on the Y-axis.

The sum of the times t1 and t2 is the period duration and its
reciprocal is the frequency.

For example, if you wanted to achieve a frequency of 10 Hz, this
would result in a period of 100 ms at T = 1/f. These 100 ms can
now be divided into t1 and t2 as required. For example,. with
50 ms:50 ms (isosceles triangle) or 99.9 ms:0.1 ms (right-angled
triangle, also known as a sawtooth).

3.6 Rectangle function
Restrictions related to this function:

e |t is not possible to preselect only source or only sink operation; the setting values determine which of the two the curve
affects, i.e. whether only source operation, only sink operation or both alternately

e When applied to the voltage, the device can only operate in sink mode if the voltage applied to the DC terminal is higher than
the highest point (offset + amplitude) of the curve and the current "l (EL)" is not 0

The following parameters can be configured for the rectangle function:

Parameters Setting range Explanation
Amplitude (A) [0..(nominal value of U or | - |Offset]) | Amplitude of the signal to be generated
Offset (O 0...(Unom - Amplitude) or )
©) (Un . P ) . Offset, related to the base point of the rectangle
-(Inom- Amplitude)...+(Iyom - Amplitude)
Time t1 Time (pulse) of the upper value (=amplitude + offset) of the
square wave signal
Time t2 Time (rest) of the lower value (=offset) of the square wave signal

Pictorial representation:

Ul
A
(']
T
2
s
£
<
A - -
3 I I I
5 I I I
o | 9
[ v | t2 [

Application and result:

Arectangular signal is generated for application to the current or
voltage. The times t1 and t2 determine how long the value of the
amplitude (associated with t1) and the rest (amplitude = 0, only
offset effective, associated with t2) is effective.

The offset shifts the signal on the Y-axis.

The so-called pulse-rest ratio or duty cycle ( duty cycle) can be
set with the times t1 and t2. The sum of the times t1 and t2 is the
period duration and its reciprocal is the frequency.

For example, if you wanted to achieve a square wave signal on
the current at 25 Hz and a duty cycle of 80%, the sum of t1 and
t2, i.e. the period, would have to be calculated as T = 1/f = 1/25
Hz = 40 ms. For the pulse, this would result in tT = 40 ms*0.8 =
32 ms at 80% duty cycle. The time t2 would then be set to 8 ms.
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3.7 Trapezoid function
Restrictions related to this function:

e |t is not possible to preselect only source or only sink operation; the setting values determine which of the two the curve
affects, i.e. whether only source operation, only sink operation or both alternately

e When applied to the voltage, the device can only operate in sink mode if the voltage applied to the DC terminal is higher than

the highest point (offset + amplitude) of the curve and the current "l (EL)" is not 0

The following parameters can be configured for the trapezoid function:

Parameters Setting range Explanation
Amplitude (A) |0...(nominal value of U or | - |Offset|) |Amplitude of the signal to be generated
Offset (0) 0--(Unom - ArT1pIitude) or . Offset, related to the base point of the trapezoid
-(Inom- Amplitude)...+(Iyom - Amplitude)
Time t1 Time of the rising edge of the trapezoidal signal
Time t2 Time of the high value (hold time) of the trapezoidal signal
Time t3 Time of the falling edge of the trapezoidal signal
Time t4 Time of the low value (=offset) of the trapezoidal signal

Pictorial representation: Application and result:

As with the other functions, the trapezoidal signal can be applied
to the voltage U or current | set value. With the trapezoid, the an-
gles can be different due to the separately adjustable rise and fall
times.

Here, the period duration and the repetition frequency are formed
from the four adjustable time values. With the appropriate set-
tings, two triangular or two rectangular pulses are produced in-
stead of a trapezoid. This function is therefore quite universal.

Offset

3.8 DIN 40839 function

This function is based on the curve defined by DIN 40839 / EN ISO 7637 (test pulse 4) and is only applied to the voltage. It is
designed to simulate the curve of the car battery voltage when starting a car engine. The curve is divided into 5 sections (see
figure below), each of which has the same parameters. The default values from the standard are already entered as default
values for the five sequence points.

This curve is usually run in source mode, but can also be run in sink mode if the voltage applied to the DC terminal is higher
than the highest point (offset + amplitude) of the curve and the external source cannot supply more current than that set for
sink mode (I sink). Otherwise, the device would not be able to regulate the voltage values resulting from the curve. The global
set values (“U/I/P limits”) can also clearly define the operating mode. The following parameters can be configured for the
individual sequence points or globally:

Parameters Setting range Seq. Explanation

Start -.Unominal 1-5 | Initial voltage value of the partial section (sequence point) of the curve

End ~.Unominal 1-5 | End voltage value of the subsection (sequence point)

Time 1-5 | Time for the descending or ascending ramp

Sequence cycles |0/ - Number of sequences of the entire curve (0 = infinite processes)

Time t1 - Time after the curve has elapsed before repeating (cycles <> 1)

U(Start/End) <. Unominal - Voltage value at the DC terminal before the curve is started and after-
wards

I/P (PS) Jrominal /OW....Prominal - |- Global set values for current and power in source mode. If 1=0 or P=0,
the device would only operate in sink mode.

I/P (EL) . Inominal /OW....Prominal - |- Global set values for current and power in sink mode. If I=0 or P=0, the
device would only operate in source mode.
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Pictorial representation:
J When the function runs in source mode, the built-in sink func-

Application and result:

tion of the PSB power supply unit ensures the rapid voltage
drop required in some parts of the curve so that the voltage
curve at the DC output corresponds to the DIN curve.

The curve corresponds to test pulse 4 of DIN 40839. Other
test pulses can also be simulated with the appropriate set-
tings. If the curve at sequence point 4 is to contain a sine, it
would alternatively have to be converted using the arbitrary
generator.

The global start and end voltage is set as the “U(Start/End)”
setting value in the “U/I/P Limits” menu page, but does not
affect the voltage values in the sequence points. It should
> t match the start voltage (U start) at sequence point 1.

U start

1 2 4

\ 4

i
- Sequence points

39 Arbitrary function

The arbitrary function (arbitrary = any) offers the user an extended range of options. There are 99 curve sections each (here:
sequence points) are available for assignment to the current or voltage, which all have the same parameters but can be con-
figured as required to “assemble” complex function sequences. These points form subsections of a curve. Any number of
the 99 available sequence points can run one after the other. This results in a sequence point block. The block can then be
repeated 1..999 times or infinitely often. Since the sequence of the function is assigned to either the voltage or the current,
a mixed assignment to both is not possible.

The arbitrary curve can superimpose a linear curve (DC) with a sinusoidal curve (AC) whose amplitude and frequency are
formed between the initial value and the final value. If the start frequency and end frequency are set to 0 Hz, the AC compo-
nent becomes ineffective and only the DC component is generated. For each sequence point, a time can be defined within
which the curve section (sequence point) is generated from start to end.

The following parameters can be configured for each sequence point of the arbitrary function:

Parameters Setting range Explanation

AC start -50%..+50% lyom Or OV...50% Unom Start and end amplitude of the sinusoidal component
AC end

DC start +(AC start...(nominal value - AC start)) | Start value of the DC component of the curve

DC end +(AC end...(nominal value - AC end)) |End value of the DC component of the curve

Start frequency Start or end frequency of the sinusoidal component
End frequency

Angle Starting angle of the sinusoidal component

Time Time for the selected sequence point

The sequence point time and the start frequency/end frequency are related. There is a minimum Af/s of
9.3. So, for example, a setting with start frequency = 1 Hz, end frequency = 11 Hz and time = 5 s would not
be accepted because the Af/s would then only be 2. At time = 1 s, it lines up again, or you would have to
set at least one end frequency = 51 Hz at time = 5 s.

@
s

If these settings have been set for the currently selected sequence point, further settings can be configured. Further down
are global settings for the overall process of the arbitrary function:

The change in amplitude between start and end is related to the sequence point time. You cannot gener-
ate an arbitrarily small change over an arbitrarily large period of time. In such a case, the device rejects
unsuitable settings with a message.

Parameters

Sequence cycles

Setting range
/

Explanation

Number of sequences in the sequence point block (0 = infinite)

Start sequence

...End sequence

First sequence point of the sequence point block

End sequence

Start sequence...

Last sequence point of the sequence point block
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After pressing , global set values (U/I/P limits) must be defined for the function sequence.

Pictorial representations: Applications and results:

ul Example 1: View 1 sequence of 1 sequence point:

The DC start and DC end values are the same, as are the AC values
(amplitude). A non-zero frequency, where start frequency = end frequency,
results in a sinusoidal curve of the set value with a specific amplitude,
frequency and Y-shift, also known as offset.

The number of sine periods per sequence point run depends on the time
and frequency. For example, if the sequence point time were 1 s and the
frequency 1 Hz, exactly 1 sine wave would be generated. If the time were
only 0.5 s at the same frequency, only a sine half-wave would be generat-
ed.

Start (DC)

Example 2: View 1 sequence of 1 sequence point:

The DC start and DC end values are the same, but the AC values (ampli-
tude) are not. The end value is greater than the start value, so the ampli-
tude increases continuously between the start and end of the sequence
with each new sine half-wave. However, this only becomes visible if the se-
quence point time together with the frequency allows several sine waves
to be generated during the course of a sequence. At f =1 Hz and time =3
s, for example, this would result in three whole waves (at angle = 0°), and
vice versa atf=3Hzandtime=1s.

Start (DC)

ul Example 3: View 1 sequence of 1 sequence point:

The values of DC start and DC end are not the same, nor are the AC val-
| ues (amplitude). The end value is always greater than the start value, so
I the offset between start (DC) and end (DC) increases linearly, as does the
I amplitude with each new sine half-wave.

— - In addition, the first sine wave starts with the negative half-wave because

[y —~ the angle has been set to 180°. The start angle can be shifted between 0°
g 18 and 359° in 1° increments.
= T
5[]\ / 1|&
o Start (AC) End(AC) |
A 4 1 »
< »l >t
N Seq.time i
ul Example 4: View 1 sequence of 1 sequence point:

Similar to example 1, but here with a different end frequency. This is great-
er than the start frequency. This has an effect on the period of a sine wave,
which becomes smaller with each new sine wave started, over the period
of the sequence run with sequence point time x.

Start (DC)

f (start)

[
——> f (end) -
»l

<
|

Seq.time
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Pictorial representations:

Applications and results:

>

Start (DC)

&

End (DC)

Seq.time

Example 5: View 1 sequence of 1 sequence point:

Similar to example 1, but with a start and end frequency of 0 Hz. Without
a frequency value unequal to 0, no sine component (AC) is generated and
only the setting of the DC values is effective. A ramp with a horizontal
course is created, which could also be part of a trapezoidal or rectangular
function, for example.

Start (DC)

q

End (DC)

&
<

Seq.time

A4

Example 6: View 1 sequence of 1 sequence point:

Similar to example 3, but with a start and end frequency of 0 Hz. Without
a frequency value not equal to 0, no sine component (AC) is generated and
only the DC value setting is effective. These are unequal here at the start
and end. A ramp with an ascending curve is generated.

Complex sequences can be created by stringing together several differently configured sequence points. By skillful configu-
ration, the arbitrary generator can simulate the other functions such as triangle, sine, rectangle or trapezoid and thus gener-
ate a sequence of rectangle functions with different amplitudes or duty cycles per sequence, for example.

Pictorial representations:

Applications and results:

Example 7
Observation of 2 sequences of 1 sequence point:

A sequence point, configured as in example 3, runs.
As the settings specify that DC end is greater than DC
start, the start value of the second sequence of the
sequence point jumps back to the same start value
as the first sequence, regardless of where the gen-
erated value of the sine wave was at the end of the
first sequence. This creates a certain distortion in the
overall process (red marking) and can only be com-
pensated for with carefully selected settings.

»
>

Example 8
Observation of 1 sequence of 2 sequence points:

| Two sequence points run one after the other. The first
I generates a sinusoidal curve with increasing ampli-
I tude, the second one with decreasing amplitude. This
results in the curve shown on the left. To ensure that
the sine wave with the highest amplitude only ap-
pears once in the center of the overall curve, the start
amplitude (AC) of the second sequence point must
not be the same as the end amplitude (AC) of the first,
> or the first must end with the positive half-wave and

\ 4

F

Point 1

Point 2

the second must begin with the negative half-wave,
as shown on the left.
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Pictorial representations: Applications and results:

ul Example 9
Observation of 1 sequence of 4 sequence points:
Point 1: 1/4 sine wave (angle = 270°)

I
| Point 2: Three sine waves (ratio of frequency to
| sequence point time: 1:3)
I I I I Point 3: Horizontal ramp (f = 0)
: : : : Point 4: Falling ramp (f = 0)
I I I I
| || |

> t

>
Point 1 I Point 2 I Pt. 3 I Point 4 I

3.91 Loading and saving arbitrary functions

The 99 sequence points of the arbitrary function, which can be manually configured on the device and are applicable to
voltage U or current |, can be saved to or loaded from a USB stick (FAT32 formatted) via the USB interface on the front of the
device. All 99 points are always saved to or loaded from a CSV text file. The number is checked during loading.

The following requirements apply for loading a sequence point table:

The table must contain exactly 99 rows, each with 8 consecutive values (8 columns) and must not have any gaps
The file must be located in the HMI_FILES folder, which must be in the root directory (root) of the USB stick

The file name must always begin with WAVE_U or WAVE_I (case insensitive)

All values in each column and row must correspond to the specifications (see below)

e The columns in the table have a specific sequence that must not be changed

For the table with the 99 rows, the following structure is specified based on the setting parameters that can be defined for
the arbitrary generator during manual operation (column naming as in Excel):

Column Corresponds to HMI parameters Value range

A AC start See table in «3.9 Arbitrary function»

B AC end See table in «3.9 Arbitrary function»

C Start frequency 0..10000 Hz

D End frequency 0..10000 Hz

E Angle 0..359°

F DC start See table in «3.9 Arbitrary function»

G DC end See table in «3.9 Arbitrary function»

H Time 100...36,000,000,000 ps (36 billion)

For a more detailed description of the parameters and the arbitrary function, see «3.9 Arbitrary function».

Example CSV:

A _ B C D E F G H

1 |20,00 30,00 5 5 90 50,00 50,00 50000000
2 30,00 20,00 5 5 90 50,00 50,00 30000000
3 0,00 0,00 0 0 00,00 0,00 1000
4 0,00 0,00 0 0 00,00 0,00 1000
5 10,00 0,00 0 0 00,00 0,00 1000
6 0,00 0,00 0 0 00,00 0,00 1000

In the example, only the first two sequence points are configured, the others are all set to default values. For the
BT 20080-340 model, for example, the table could be loaded via a WAVE_U for the voltage or a WAVE_I for the current, as
it is suitable for both. However, the naming is made unique by a filter, i.e. you cannot select Arbitrary --> U in the function
generator menu and then load a WAVE_I. This would not even be listed.
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» How to load a sequence point table from a USB stick

1. Do not insert the USB stick yet or pull it out first. e
< Main menu Function Generator

2. Withthe DCterminal of the selected channel switched off,

open the function generator menu from the main display Sequence setup
Sequence point 1
A ] , AC end 0.00V
with Func Gen and select group Arbitrary. The display DC start 0.00V
appears as shown on the right, here as an example for DC end 15.00V
channel 2. Start frequency OHz
. . End frequency OHz
3. Swipe down to Sequence setup and tap ) Angle o°
then and follow the instructions. If at least one valid Time 1000.00ms
file was found for the current process, a list is displayed
for selection, from which the file to be loaded must be N Import/Export

selected.

4. Tap - at the bottom right. The selected file is now checked and loaded if it is OK. If there are format errors,
a corresponding message is displayed. The file must then be corrected and the process repeated.

» How to save the sequence point table from the device to a USB stick

1. Do not insert the USB stick yet or pull it out first.
2. With the DC terminal of the selected channel switched off, open the function selection menu of the function generator

from the main display with d and select group Arbitrary.
Func Gen

3. Swipe down to Sequence setup and tap , then tap . You will be prompted to insert the USB stick.
The device then searches for the HMI_FILES folder on the memory stick and for any existing WAVE_U or WAVE_I files
and lists those found. If an existing file is to be overwritten with the data to be saved, select it, otherwise do not select
any. One is then generated.

4. Save, new or overwrite, then with [

310 Ramp function
Restrictions related to this function:

e It is not possible to preselect only source or only sink operation; the setting values determine which of the two the curve
affects, i.e. whether only source operation, only sink operation or both alternately

e When applied to the voltage, the device can only operate in sink mode if the voltage applied to the DC terminal is higher than
the highest point (offset + amplitude) of the curve and the current "l (EL)" is not 0

The following parameters can be configured for the ramp function:

Parameters  Setting range Explanation
Start ...Unominal OF Start and end point of the ramp. Both can be larger, equal or smaller than the
End rominateHlominal other, as a result of which the ramp either rises, falls or runs horizontally
Time t1 Time before the rising or falling edge of the ramp
Time t2 Rise and fall time of the ramp
The time after reaching the end of the ramp cannot be set. The device stops the function automatically
after max. 10 h and sets | = 0 A if the current ramp has not already been stopped elsewhere.
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Pictorial representation: Application and result:

Ul This function generates an increasing, decreasing or horizontal ramp between
the start value and end value over the time t2. The other time t1 is used to de-
fine a delay before the ramp starts.

The function runs once and then stops at the end value. To achieve a repeating
ramp, the trapezoid function would have to be used (see section 3.7).

It is also important to consider the static value | or U, which defines the initial
value before the ramp is generated. It is recommended to set the static value
equal to the value Start, unless the load is not to be supplied with voltage be-
fore the start of the ramp time (t1) in source mode or no current is to flow in sink
mode. The static value would then have to be set to 0.

_ U()start

311 IU table function (XY table)

The IU function allows the user to set a specific DC current depending on the voltage at the DC terminal. The function can
work either in source mode (PS) or sink mode (EL). A table must be loaded that contains exactly 4096 current set values,
which are divided into the measured voltage at the DC terminal in the range 0...125% Unom, although only approx. 3342 values
from the table can be effective due to the upper limit of 102% nominal current value.

This table can be loaded into the device either from a USB stick via the USB port on the front of the device or via remote
control (ModBus protocol or SCPI) and then used. The following applies:

IU function: I = f(U) -> the device operates in CC mode (in source operation with a load in CV mode)

When loading a table from the USB stick, only text files of type CSV (*.csv) are accepted. The table is
0 checked for plausibility when loading (values not too large, number of values correct) and any errors are
reported and then the table is not loaded.

The 4096 values within the table are only checked for correct size and number. If all values were dis-
played in a diagram, a specific curve would result, which could also contain very large current jumps
& from one entry to the next. This can lead to complications for the connected load or source if, for ex-
ample, the internal measured voltage value fluctuates slightly and leads to constant oscillation between
two current values from the table, where in the worst case one is 0 A and the other is maximum current.

3111 Loading IU tables via USB

The so-called IU tables can be loaded from a USB stick (FAT32 : L —
formatted) via the USB interface on the front of the device. To < Main menu Function Generator

be able to do this, the file to be loaded must fulfil certain require- Mode selection
ments:
. IU (EL) U (PS)
e The file name always starts with |U (case insensitive) . |:|
e The file must be a text file of type CSV and may only contain Table sotup

one column with exactly 4096 real values (without gaps)
. riangle
o None of the 4096 values may exceed the nominal current value,
e.g. if you have a model with 340 A nominal current per channel
andload an IU table with current values, then none of the values
may be greater than 340 (adjustment limits do not apply here)

Trapezoid

- u Import table

w

¢ Values with decimal places must have a decimal separator that corresponds to the selection Log file separator format in
the menu USB logging, which also distinguishes between a comma and a full stop as decimal separators (the comma is
used in the European standard)

e The file must be located in the HMI_FILES folder, which must be in the root directory (root) of the USB stick

If the above conditions are not met, the device reports this by means of corresponding error messages and does not accept
the file. A stick can of course contain several IU tables as differently named files from which one can be selected.
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» How to load an IU table from a USB stick

1. With the DC terminal of the selected channel switched off, open the function selection menu from the main display by

tapping “ and select group XY table.
Func Gen

At the top, select between IU (EL) for sink operation or IU (PS) for source operation.
Insert the USB stick, if you have not already done so, then press and as soon as the selection appears,

select one of the listed files and load it with . If the file is not accepted, it does not meet the requirements.
Then correct and repeat.

wnN

: : ) k. Next :
4. |nthe next window, which you can access with , you can adjust the global set values.

. ) R Next ) .
5. Load the function with to then start and operate it as usual. See also «3.3.7 Selection and control of a

function».
312 FC table function (fuel cell)
3.121 Introduction
The “FC table” (fuel cell) function is used to simulate a fuel cell and its e
characteristics. This is achieved by adjustable parameters that rep- Rkl Function Generator
resent several points on the typical characteristic curve of a fuel cell. Parameter setup
; ; ; Uoc (open circuit voltage, P1) 60.00V

The user must enter values for four interpolation points of the FC — U (Point 2) o500V
curve. These are formed from three voltage and three current values. I (Point 2) 145.0A
The characteristic curve is calculated from this. s U (Point 3) 5.00V

. . . | (Point 3) 15.0A
In general, the following rules apply during input: Sine Isc (Ds':m circuit current, P4) 160,08

UOC > UpomIZ > Upoml3 > UpomtA Triangle

| E
|SC > |poim3 > |poim2 > |pomﬂ i -
Zero values are not accepted S Import/Export

b
5)
S

This means that the voltage must decrease from Uq, to Upsins @and the current must increase. If the above rules are not ad-
hered to, an error message appears and the values entered are reset to 0.

3.12.2 Application
The following parameters can be configured for the FC table function:

Parameters Setting range Explanation

Point 1: Uoc -.Unom Maximum voltage of the cell (open circuit voltage)

Points 2+3: U -.Unom Voltage and current of the two points in the XY coordinate system. They repre-

Points 2+3: | o sent two interpolation points on the characteristic curve to be calculated.

Point 4: Isc - Iom Maximum current of the cell (short-circuit operation)

U ~.Unom Global voltage limit, should be =Uoc

P ...Pnom Global performance limit, must not be 0 so that the function can run
Due to the freely adjustable parameters, it is possible that the curve cannot be calculated correctly.

0 This would be indicated by an error message. In this case, the parameters entered should be checked

and corrected.
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Pictorial representation: Application and result:

U After entering the parameters of the four interpolation points point 1 to point 4,
A whereby point 1 is defined at Uoc and 0 A and point 4 at Isc and O V, the device
calculates an XY curve which is transferred to the XY generator. At runtime
D and depending on the load of the power supply unit with a current between 0 A
and Isc, the device provides a variable output voltage whose curve between
*N\ P2 0V and Uoc corresponds approximately to the curve shown on the left.

The gradient between point 2 and point 3 depends on the values entered and
can be varied as required as long as point 3 is below point 2 in terms of voltage
P3 and above point 2 in terms of current.

Uoc

A
\4

Isc

» How to configure the FC table

1. With the DC terminal of the selected channel switched off, open the function selection menu from the main display by

o/

tapping Func Gen and select group FC table (PS).

2. Set the parameters of the four interpolation points according to the data to be simulated.

3. Be sure to set the global limit values for voltage and power in the next screen, which you can access by touching
Cxz

4. Once you have set the values, tap .

After calculating and loading the function, you can also go back to the FC configuration page and save the calculated table to
a USB stick via . A button in the prompt that appears is no longer locked. The FC table saved in this way can
be used, for example, for analysis or visualization purposes in Excel or similar.

H H { ) ()
» How to work with the FC table function < Back FC Table Ch
1. Withaload connected, e.g. a DC-DC converter as a typical load 35 OOV CC 70 OA
forafuel cell, start the function by switchingonthe DC terminal.  |J\TNENINIIR : 60.00V :
2. The output voltage is set as a function of the output current, 2450W
which is defined by the applied variable load, and decreases P57 70500 W
as the current increases. Without load, the voltage goes to the g
value Uoc.
3. Stop at any time using the stop button or by switching off the
DC terminal. %
© &
Running Stop
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313 Battery test function

The battery test is only used to test batteries. The device has no battery management on board and

& therefore cannot monitor individual battery cells. If at least one cell in a battery to be tested is defective
and it is nevertheless charged or discharged with the device, the battery may be destroyed. It may there-
fore be necessary to use external battery management hardware and software.

When working with batteries, at least one fuse must be integrated in the DC circuit for each channel to
which a battery is connected; this fuse must either correspond to the nominal current of the channel
or less!

The battery test function is used for the targeted charging and
discharging of different types of batteries in industrial product tests or
in laboratory applications. In addition to separate modes for charging
and discharging a battery, a combination of both is also available,
the so-called dynamic test.

You can choose from these six test modes:

o (constant current)

o (like , but with additional final H
discharge current) T~

. (pulsed current) e —— e

o (constant current)

o (like , but with additional end-of-charge voltage)

o (sequence of static charge/discharge).

In static or CC-CV discharge mode, both of which are very similar and run at constant current (CC), a battery is discharged in
a targeted manner. While in mode only the discharge end voltage is defined as the stop criterion, in

mode there is an additional adjustable discharge end current and therefore both values, i.e. discharge end current
and voltage, must be reached for the test to stop.

The dynamic discharge mode also has an adjustable power value. Although this cannot be used to run the dynamic battery
test with pulsed power, the result could be different than expected if the power is limited in the test. It is therefore recom-
mended that this value is always set high enough.

voltage threshold (Up,) due to the pulse-like load and the test may be terminated immediately. The Upy

0 During battery tests with high pulse currents, the battery voltage may briefly fall below the end-of-discharge
should therefore be set correspondingly lower.

Graphic visualization of the discharge modes:

Ul U1

A A

Discharge end voltage

Discharge end voltage

Discharge current Ah Discharge current Ah
. —> . > ¢
Start Stop Start Stop
Static discharge Dynamic discharge
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Discharge end voltage

Discharge current Ah

t
| | )
Start Stop

Static discharge with CC-CV

The static or CC-CV charging corresponds to the simple charging pro- U
file for lead batteries. The connected battery is charged with a constant \oltage

current until either the specified end-of-charge voltage or a specified Battery
time has been reached or the charge current has fallen below an ad-
justable limit. A graphic illustration of the static charge is shown on the Charge current

right.
In the sixth mode, the dynamic test, you can choose whether the entire Px\\‘““
test should be repeated cyclically (1-999x or infinitely often) and which 4 — — _— >
phase of the test, charging or discharging, starts firstin each run. There
is furthermore an adjustable rest phase before each repetition.

>

Stlart Stop
Static charge
The setting value for the power is also available for the static modes. If configured accordingly, it can also run the function

sequence at constant power (CP). As with normal operation of the device, the set values determine which control mode (CC,
CP) results.

3131 Parameters for Static discharge
The following parameters can be configured for static discharge:

Value Setting range Explanation
Discharge current - Inom Maximum discharge current (in Amperes)
Power limitation ...PNom Maximum discharge power (in Watts)

3.13.2 Parameters for CC-CV discharge
The following parameters can be configured for static CC-CV discharge:

Value Setting range Explanation

Discharge current - INom Maximum discharge current (in Amperes)

Discharge end voltage ~.Unom Threshold (in Volts) at which the discharge phase stops
3.13.3 Parameters for Dynamic discharge
The following parameters can be configured for dynamic discharge:

Value Setting range Explanation

Discharge current 1 - INom Lower or upper current value for pulsed operation (the higher setting value of
Discharge current 2 o the two automatically becomes the upper one) (in Amperes)
Power limitation ...Pnom Maximum discharge power (in Watts)

Time t1 Time t1 = time for the upper current value (pulse)

Time t2 Time t2 = time for the lower current value (rest)
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3.13.4

Parameters for Static charge

The following parameters can be configured for static charging:

Value
Charge voltage

Setting range
-..Unom

Explanation
Charge voltage (in Volts)

Charge current

<o INom

Maximum charge current (in Amperes)

Charge end current

< INom

Threshold (in Amperes) at which the charge stops

3.13.5

Parameters for CC-CV charge

The following parameters can be configured for static CC-CV charge:

Value
Charge voltage

Setting range

.Unom

Explanation

Charge voltage (in Volts)

Charge current

<o INom

Maximum charge current (in Amperes)

Charge end current

< Irom

Threshold (in Amperes) at which the charge stops

3.13.6

Parameters for Dynamic test

The following parameters can be configured for the dynamic test:

Value

Charge end current

Setting range

<-INom

Explanation

Threshold (in Amperes) at which the charging phase stops

Charge voltage . Unom Charge voltage (in Volts)

Charge current - Iom Maximum charge current (in Amperes)

Charge time Duration of the charge phase (max. 10 h)

Discharge end voltage ~.Unom Threshold (in Volts) at which the discharge phase stops

Discharge current

< INom

Maximum discharge current (in Amperes)

Discharge time

Duration of the discharge phase (max. 10 h)

Start with Determines where the test begins, with the charging or discharging
phase

Test cycles Number of runs of the battery test (0 = 00)

Rest time Duration of the rest before the next phase or cycle

3137 Stop conditions

These parameters generally apply to all modes and also define stop conditions:

Value Setting range Explanation

Discharge end voltage ~..Unom Threshold (in Volts) at which discharge stops (only for discharge modes)

Action: Ah limit Enables/disables an Ah counter that stops the test when the removed
battery capacity is reached

Discharge capacity Maximum battery capacity to be removed, after which the test can stop

Charge capacity automatically. This stop criterion is optional, so that more battery capac-

Test capacity ity can also be added or removed.

Action: Time limit Enables/disables a time counter that stops the test when the test time
is reached

Discharge time Maximum duration in HH:MM:SS format after which the test can stop

Charge time automatically. This stop criterion is optional, so that a test can run for

Test time longer than 10 hours.

USB logging On/Off Enables USB logging, which records data during the battery test if a cor-

rectly formatted USB stick is inserted into the front USB port. The data
has a slightly different format than that of “normal” USB logging.

Logging interval

Writing interval for USB logging
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3.13.8 Display values

During the test, the device display shows the following values: < back Battery test Ch =

e Current battery voltage at the DC terminal 53.25V |CC 140.0A
Final discharge voltage Upy (only in one of the discharge modes) Alarm: None

e Final discharge current I, (only in CC-CV discharge mode) 14.3 Ah
¢ Charge voltage (only in one of the charging modes) 00:05:48_2%2 W%e

Current discharge current
Actual performance
Total battery capacity (charging & discharging)

o Total battery energy (charging & discharging) D
e Testtime Running Stop
* Controller status (CC, CF CV) Figure 3 - Display example of static discharge

3.13.9 Abort conditions
The battery test function can be stopped intentionally or unintentionally:

e Manually press the button on the HMI

e Any device alarm such as OT etc. that would switch off one or all DC terminals
Reaching the maximum set test time if is set as the action
Reaching the maximum set Ah value if is set as the action
Reaching the final discharge voltage Upy

Reaching the end-of-charge current or end-of-discharge current

31310  Data logging to USB stick

There is a data logging functionality available for all test modes which, by default, is deactivated. After it has been activated
while a USB stick in the required format (see section “5.2.5 USB port (front)” in the installation manual) is plugged on the
control panel, the device would record measured values for the test duration and in the defined interval. This is indicated on
the screen by a small diskette symbol. After a test end, the recorded data will be available as text file (CSV format).

The logging can be started or stopped for every channel separately. It's even possible to start the logging on channel 2
while there is already one running on channel 1. In this case, the device would create a new file which then would contain
the recorded data from both channels, plus a second header entry, as shown in the example figure below. Those header row
represent the start values as set up for every channel by the user.

Layout of the log file by means of an example with two channels of which one runs a charging phase and the other discharge:

A B C D E F G H I 1 K L M N (o]} P Q R
1
Charging Dynamic Dynamic  Discharg

Charging Charging end discharg dischargin ingend Discharging Discharging Charging Discharging Discharging Charging Discharging Test  Channel
2 |Date Mode voltage current current ingtl g2 voltage current 1 current2 power  power resistance time time Resttime cycles number
3 | 12.12.2024 static discharge N/A N/A N/A N/A N/A 9,5V 50,0A N/A N/A N/A N/A N/A 10:00:00 N/A N/A Ch2
4 | 12.12.2024 staticcharge 13,8V 30,0A 1,0A N/A N/A N/A N/A N/A N/A N/A N/A 10:00:00 N/A N/A N/A  Ch3
5

Regulation

6 |Ubattery | battery P battery Ractual Ah Wh mode Alarm  Time Phase Channel
7 12,88V -50,0A 640W N/AR 0 oce None 10:48:42.949 Discharging Ch2
& 110,95V 30,0A 328W N/AR 1} o0cc None 10:48:42.949 Charging Ch3
9 |12,88V -50,0A B40W N/AR 0 ocv None 10:46:43.050 Discharging Ch2
10 10,95V 30,0A 328W N/AR 0 0 Off None 10:48:43.050 Charging Ch3

The upper three rows form the header. The lower part contains the actual log data.

Legend (header): Discharging resistance = max. internal resistance for a dis-
Date = Log date charging phase

Mode = Battery test mode of the particular channel Charging time = max. time for a charging phase

Charging voltage = max. charging voltage Discharging time = max. time for a discharging phase
Charging current = max. charging current Rest time = between a charging and a discharging phase
Charging end current = Charging end current Test cycles = number of cycles to run the test

Dynamic discharging t1 = time t1 for the dyn. discharging Channel number = number of the channel to which the val-

Dynamic discharging t2 = time t2 for the dyn. discharging ues in the row belong to

Discharging end voltage = charging end voltage
Discharging current 1/2 = discharging current

Charging power = power limit for a charging phase
Discharging power = power limit for a discharging phase
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Legend (log part): Control mode = CC, CV, CP or CR

U battery = measured battery voltage Alarm = in case any occurred, it will be logged here

| battery = measure battery current Time = time stamp of the log entry from the internal clock
P battery = calculated charging/discharging power Phase = actual test phase, “Charging” or “Discharging”

R actual = calculated charging/discharging resistance Channel = number of the channel the log entry belongs to

Ah = charged or discharged battery capacity
Wh = charged or discharged battery energy

314 Remote control of the Function Generator

The function generator can be controlled remotely, although the remote configuration and control of functions using individ-
ual commands is fundamentally different from manual operation. The programming instructions supplied on a USB stick
explain the procedure.
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4. Other applications (2)

4.1 Foreword

Compared to other series, the BT 20000 Triple series offers more options for parallel connection with three channels per
model. There are basically two types of parallel connection of the DC terminals here, which are mutually exclusive:

e Channel grouping: Here, all three DC terminals of a single device are always connected in terms of control and hardware
and work internally in a similar way to a master-auxiliary system, where channel 1 then becomes the operable master. The
result is a device with one channel, but with three times the nominal current and three times the nominal power. The share
bus is also connected between the three channels.

¢ Master-auxiliary: The familiar system, formerly called Master-Slave, in which several devices are connected to increase
the total current and total power, but the three separate channels are retained here. As a result, the nominal current and
nominal power per channel are multiplied. In addition to the parallel connection of the DC terminals between the individual
channels of the master and the auxiliary unit(s), the share-bus between the channels and the master/auxiliary bus between
the devices are connected.

4.2 Parallel connection as master-auxiliary system

Two BT 20000 Triple of the same model can be connected in parallel to achieve a higher total output and a higher total
current. For parallel connection, all units are usually connected to each other at the DC terminals and the share-bus of the
individual channels, as well as a master auxiliary bus between the units. In the BT 20000 series, this is based on an EtherCAT
master that works transparently in the background. The device network can then be viewed and treated as a system, like
a larger, three-channel device with more power and current. A DC bus is created by connecting several DC terminals. The
master can still be operated manually or remotely like a single device. All interfaces are available.

The share-bus in turn is used to dynamically regulate the voltage on the DC bus of each channel, i.e. in CV mode, especially
if the function generator is to be used on the master channel.

Principle diagram of the MA circuit of air-cooled models, with copper rails, without loads or external sources:
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Figure 4 - Example of a channel-by-channel parallel connection in master-auxiliary mode (view from behind)
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Figure 5 - Example of a channel-by-channel parallel connection in master-auxiliary mode (top view)

The pictures show the wiring with copper rails (U-shape) as would be suitable for e.g. the model with 400 A nominal current
per channel and 800 A in the parallel circuit, which requires more than 400 mm? cross-section in the case of a single, uncoat-
ed copper rail, as shown above with e.g. 40x10 mm copper rails. At 1200 A per channel (2x 600 A model), the cross-section
would increase to at least 600 mm?, which would require either thicker or wider copper rails, e.g. 60x10 mm.

Remote sensing can be used or omitted per channel and, if used, would always be connected to the Sense connectors
(not Sense 2!) of the channel master.

4.2 Restrictions

Compared to normal operation of a single device, master-auxiliary operation has the following restrictions:

e Only two devices per MA system are supported, i.e. a doubling of current and power can be achieved per channel
¢ Only connection between identical models of the BT 20000 Triple series

e Master-auxiliary cannot be selected selectively for individual channels. When enabled, whether in the menu or via the quick
menu, the mode is always enabled or disabled for all three channels simultaneously, regardless of whether a device is as-
signed as master or aux.

4.2.2 Wiring the DC terminals

The DC terminal of each channel involved is connected to the same channel of the next device with the correct polari-
ty. The shortest possible cables or copper rails with a sufficient cross-section (= low inductance) should be used. The
cross-section depends on the total current of the parallel circuit.

4.2.3 Wiring of the share-bus

The share-bus of each channel is connected to the share-bus of the same channel on the next device using standard BNC
cables (coaxial cable, type 50 Q), e.g. 0.5 m long. The two connections on one channel are through-connected and do not
represent a dedicated input and output. The labeling is for orientation purposes only.

© EA Elektro-Automatik in 2025 / Errors and omissions excepted Revision: 05

56



4.2.4 Cabling of the master-auxiliary bus

The master-auxiliary bus is a digital communication link between devices and is defined via three connections that are per-
manently integrated in the device. It must be connected via a standard network cable (=CAT3, patch cable) for configuration
and then configured manually or remotely. The connection labeled EtherCAT Master (1x available) forms the master for
all three channels, which controls the next Aux unit(s) via their port labeled EtherCAT In. An isolated EtherCAT network is
formed. The master itself, if it is to be remote-controlled, has its free EtherCAT In/Out ports for this purpose. Clarification:

Master Aux
ECT ECT ECT ECT ECT ECT
Master In Out Master In Out

| Master-Aux bus4

PLC

ECT
Master

The following must always be observed:

2 e The master-auxiliary bus must not be connected via crossover cables!
e The subordinate units (Aux) must not be connected to any other network.

The following then applies to the subsequent operation of the MA system:

e The actual values of all devices are totaled and displayed on each master channel or can be read out by remote control

e The setting ranges of the set values, adjustment limits, protection limits (OVP etc.) and user events are adapted to the num-
ber of initialized Aux units in the master. So if two units with 10 kW power per channel are interconnected to form a 20 kW
channel, 0...20 kW can be set as the power set value on the master (manually or with remote control)

e The aux units cannot be operated as long as they are controlled by the master

4.2.5 Setting up master-auxiliary operation

The last step is to configure a master and at least one aux unit. This is not done separately for each channel, but is enabled
globally (menu or quick menu). It does not matter which channel is used to call up the menu in single channel view. We rec-
ommend configuring all aux devices first and the master device last.

» Step 1: How to configure the aux devices

1. With the DC terminal of the currently selected channel switched off, tap Settings in the main display (single channel

view) or open the quick menu and select Settings . Then swipe up on the left until group master-auxiliary appears. Tap.

2. Aselection appears on the right by tapping the Mode setting. By selecting ,if not already set, you activate MA
mode and simultaneously define the device as an auxiliary unit.

3. Exit the settings menu. All three channels are now in MA mode: Auxiliary.
The first Aux unit is now fully configured. Repeat for each additional Aux unit.

» Step 2: How to configure the master device

1. With the DC terminal of the currently selected channel switched off, tap Settings in the main display (single channel

view) or open the quick menu and select Settings. Then swipe up on the left until group master-auxiliary appears. Tap.

2. Aselection appears on the right by tapping the Mode setting. By selecting ,if not already set, you enable the MA
mode and simultaneously set the device as the master device.
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» Step 3: Initializing the master

By switching to mode, an initialization of the MA system is started immediately and the result is displayed in the
same window. If the initialization is not successful, which can be seen from the number of Aux units or the overall perfor-
mance, you can also repeat the initialization here:

o o Pressing repeats the initialization, if not all aux
Al Sz Initialized units have been detected, the system has been reconfigured, e.g.
Number of aux units 1 if there is a connection error on the EtherCAT bus, or not all subor-
Channel voltage 80.00V dinate devices have been configured as . The window lists

how many aux units were found, as well as the total power and total
current resulting from the network. If no aux unit is found, the MA
system is used with only the master.

Channel current 680.0A
Channel power 20.00kW

Initialize system

switched on as long as MA mode is enabled. Initialization can be repeated at any time via the “Settings”

0 Initialization of the master and the MA system is carried out automatically each time the master device is
menu of the master device in the “Master-Auxiliary” group.

4.2.6 Operating the master-auxiliary system

After successful initialization of the master and all aux units, they show their status in the display, in this case the same for all
three channels. The master (channel) shows MA mode: Master (n Aux) in the status field, the aux channels corresponding
to MA mode: Auxiliary, and Remote: EtherCAT, as long as they are remotely controlled by the master.

The aux channels cannot be operated manually and cannot be controlled remotely via a digital interface. However, if neces-
sary, they can be monitored via these interfaces by reading out the actual values and status. After initialization and return
from the menu, the channel master now displays the actual and set values of the overall system. Depending on the number
of devices, the setting range for current and power multiplies. The following then applies:

e The master device can be operated like a stand-alone device.
e The channel master forwards the adjusted set values etc. to the channel aux units and controls them
e The master device can be remotely controlled via all its digital interfaces that are intended for remote control.

o All settings for the set values U, I and P, as well as all related values such as monitoring, adjustment limits, etc., are adjusted
to the new overall values on the channel master.

e Forallinitialized aux units, adjustment limits (U, I €tC.), monitoring limits (OVP, OPP etc.) and event settings (UCD, OVD)
are reset to default values so that they do not interfere with control by the master. If these limits are adjusted on the master,
they are transferred 1:1 to the aux units. During later operation, aux channels can trigger alarms such as OCP, OVP or events
etc. instead of the channel master due to uneven load distribution and different response times.

0 To be able to restore all these values quickly after exiting MA mode, the use of user profiles is recommended
(see «2.3.6 Load and save user profiles»)

e If one or more aux channels report a channel alarm, this is displayed on the master and must also be confirmed there so
that the channel can continue working. Since an alarm always switches off all DC terminals of the affected channel and the
master can only switch them on again automatically after an alarm PF or OT, which is also dependent on setting parame-
ters, intervention by the operator of the device or remote control software may be necessary under certain circumstances.

e If the connection to one or more auxiliary units is lost, all DC terminals of all channels are also switched off for safety rea-
sons and the master reports this status as “Master-auxiliary safety mode”. The MS system must then be reinitialized by
pressing the button, with or without the aux unit(s) that caused the connection failure. This also applies
to remote control.

4.2.7 Alarm and other problem situations

In MA operation, the connection of several devices and their co-operation can lead to additional problem situations that
would not occur when operating individual devices. The following stipulations have been made for such cases:

e |fthe master device loses the connection to any of the aux units, a MAP (master-auxiliary protection) alarm is always triggered,
which leads to all channels of the master being switched off and a requester on the display. All aux units revert to individual
operation and also switch off their channels. The MAP alarm can be canceled by reinitializing the master-auxiliary mode.
This can be done directly in the requester window of the MAP alarm or in the menu of the master or via remote control.
Alternatively, MA mode can also be disabled to clear the alarm.
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e |fthe master device fails on the AC side (switched off at the mains switch, power failure) and comes back later, it automatically
reinitializes the MA system and integrates all detected aux units. In this case, MA operation can be continued automatically.

In situations where one or more devices generate a device alarm such as OVP or similar, the following applies:
e Each device alarm of an aux unit is shown on its display and on that of the master.

o |f alarms from several aux units occur simultaneously, the master only displays the last alarm that occurred. In this case,
the actual alarms could only be recorded on the aux units themselves, e.g. by reading out the alarm history via software.

o All subordinate devices in the MA system monitor their own values with regard to overcurrent (OCP) and other thresholds
and report alarms to the master. It can therefore also happen, mainly if for some reason the current is not evenly distributed
between the devices, that a device already reports OCP, even if the global OCP threshold of the MA system has not yet been
reached. The same applies to OPP.

4.3 Channel grouping

Channel grouping is a parallel connection of the DC terminals of the three channels, together with an external share-bus
connection between them, as well as internal software interconnection of all channels in the sense of a master-auxiliary sys-
tem with channel 1 as the master and channels 2 and 3 as aux channels. There is only this one configuration. The channel
grouping mode is simply enabled or disabled in the menu in the Channel grouping group or in the quick menu using the
G button. No further action is necessary.

After activating the mode, the display switches to single channel view, see the oot

picture on the right if multi-channel view was active. The display of all values Channal groteing (a]
relating to current and power is adjusted. A three-channel device becomes a '
single-channel device with three times the nominal current and three times

Alarm: None

the nominal power. Example: a BT 20080-340 becomes a BT 20080-1020 as @ ‘/®\‘
long as channel grouping remains enabled. The readable model designation .
and the readable nominal values are then also adapted. The mode is saved a8y
and automatically restored when the device is switched on. OW ey
B —— 1) 55
-30000W (PS)  00000W

Mixing with the other form of parallel connection, master-auxiliary, is not pos-
sible. Channel grouping can therefore only ever be used on the individual de-
vice.

Principle illustration of the channel grouping of air-cooled models, with copper rails, without loads or external sources:

Menu Settings  Func Gen

oNC
[ [ B [ [ [ [ ]]
o ®

Figure 6- Example of a parallel connection in channel grouping mode (view from behind)

In this form of parallel connection of channels of a BT 20000 Triple, the nominal current plays a major role, as it determines
whether cables can still be used or whether copper rails are required. The example above shows a so-called “low voltage”
model, i.e. 10 V or 60 V. At 10 V, a nominal current of up to 600 A per channel is possible, i.e. 1800 A on one device when
grouped! This current requires a cross-section of at least 17200 mm?.

The rail shown in the example has a width of 315 mm and a height of 10 mm. Therefore, 3150 mm?2. But it's the depth
that counts. This means that the rail must be at least 1720 mm deep at a height of 10 mm. On the one hand, this results in
a significantly greater overall depth of the device and, on the other hand, significantly more traction at the DC terminals.
The DC terminal to the external load or source, whatever type of connection it will be, either copper bus bar or several thick
conductors, has a considerable weight in itself and this pulls on the copper bus bars. This must be taken into account during
assembly.
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Figure 7 - Example of a parallel connection in channel grouping mode (top view)

4.31 Restrictions and notes

e Can only be used within one device

e Remote sensing, if it is to be used, is only connected to the Sense input of channel 1

e Series connection must not be connected in this mode, as the share-bus is connected!

4.3.2 Wiring the DC terminals

By default, in this form of parallel connection, the DC negative pole of one channel is connected to the DC negative pole of
the next and so on. The same applies to the DC positive poles. The shortest possible cables or copper rails with a sufficient
cross-section (= low inductance) should be used. The cross-section depends on the total current of the parallel circuit.

4.3.3 Wiring of the share-bus

The share-bus of each channel is connected to the share-bus of the next channel via commercially available BNC cables
(coaxial cable, type 50 Q), e.g. 0.5 m long. The two connections on one channel are through-connected and do not represent
a dedicated input and output. The labeling is for orientation purposes only.

4.3.4 Setting up the channel grouping
Assuming that the DC terminals and the share-bus are already connected, the channel grouping only needs to be enabled.

» How to configure the channel grouping

1. With the DC terminal of the currently selected channel switched off, tap ke in the main display (single channel
Settings
view) or open the quick menu and select . Then swipe up in the list on the left until the group Channel grouping
appears and tap on it. Settings
2. A Group channels selection appears on the right. By selecting , if not already set, you activate the

channel grouping.

3. Exit the settings menu. The device is now configured as if it were a single-channel device from the BT 20000 series.
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5. Maintenance and servicing
5.1 Firmware updates

2 Firmware updates should only be carried out if they can rectify errors in the previous firmware of the
device!

The firmware of the HMI operating unit, the KE communication unit and the DR digital controller can be updated via the
Ethernet interface on the rear. This requires the EA Power Control software, which is supplied with the device but is also
available as a download from the manufacturer's website, together with a firmware file.

However, users are warned not to install updates without hesitation. Every update harbors the risk of rendering the device or
entire test systems unusable for the time being. It is therefore recommended that you only install updates if...

e 50 that an existing problem with the device can be solved directly, especially if this was suggested by us as part of the
troubleshooting support

e new functions that want to be used are listed in the firmware history. In this case, updating the device is at your own risk!

The following should also be noted in connection with firmware updates:

e Simple changes in firmware can result in time-consuming changes to control applications for the end user. It is recommended
that you read the firmware history carefully with regard to changes

e For new functions, updated documentation (manual and/or programming instructions, as well as LabView VIs) is sometimes
only available much later
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