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EARTH-LEAKAGE RELAY FOR TROLLEYBUS 

Type HIST-1EN.C 
(Hereinafter as HIST-1) 

Operating instructions 

Contents 
  1 Purpose and construction of the earth-leakage relay 3 
  2 Installation of the earth-leakage relay and connection to the trolleybus 7 
  3 Function of the earth-leakage relay 7 
  4 Front panel of the earth-leakage relay 9  
  5 Display and data collector DKD-1 11 
  6 Diagnostic program for HIST-1 13 
  7 Control from the keyboard in the programming mode 14 
  8 Operation of the earth-leakage relay in systems and modes 20 
  8.1 Operation of the earth-leakage relay in an insulated system without a strip 20 
  8.2 Operation of the earth-leakage relay in an insulated system with a strip 22 
  8.3 Operation of the earth-leakage relay in a grounded traction system 24 
  8.4 Operation of the earth-leakage relay in a switched-over traction system without a strip 26 
  8.5 Other conditions of the function 28 
  8.6 Configuration of the earth-leakage relay 28 
  9 Measurement of insulation resistances using 1000 VDC voltage 29 
  10 Internal diagnostics of HIST-1 30 
  11 Conditions to hand over the earth-leakage relay for repair 31 
  12    Maintenance, functional test, lifetime of the earth-leakage relay and of the battery 31 
 

List of figures 
Fig. 1 Views on the box of HIST-1 6 
Fig. 2 Block diagram of HIST-1 7 
Fig. 3 View on the front panel of HIST-1 10 
Fig. 4 Connection of DKD-1 to HIST-1 to import data blocks 12 
Fig. 5 Connection of DKD-1 to PC to export data blocks 12 
 

List of appendices 
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Appendix 2 Recommended configuration for an insulated system with a strip 35 
Appendix 3 Recommended configuration for a grounded system 36 

Appendix 4 Example of configuration for an insulated mixed system with a strip 37 
Appendix 5 Log of changes  38 
Appendix 6 Description of versions HIST-1EN.C 39 
 
 
Note: This manual is applicable for the type HIST-1EN.C and also for the type HIST-1EN.C-Z with an internal 
jumper between the trolley centre (OLV) and the terminal 2 (insulated system without a strip). 
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1 Purpose and construction of the earth-leakage relay 
The earth-leakage relay for trolleybus (hereinafter as "earth-leakage relay") is a 

unit built-in in the vehicle that permanently monitors insulation status of electrical 
circuits and signalises its deterioration. It increases safety of passengers and the 
driver by timely warning against possible electrical shock due to broken insulation 
between the live parts of the vehicle and the box. When the basic (1st) or auxiliary 
(2nd) insulation deteriorates out of the set limits, it signals a WARNING to the driver 
and upon subsequent deterioration it signals a DANGER (e.g. contact line-to-ground 
voltage more than 50 V). 
 The earth-leakage relay is designed for monitoring insulation status of traction 
(preferably insulated symmetrized to ground) or grounded (or mixed) systems with the 
nominal voltage of 600 or 750 VDC during operation of trolleybuses. 
 The Specifications NH 9090-01 include specific determination of properties of the 
earth-leakage relay throughout its life including ways of their verification. 
 The earth-leakage relay is assembled on a metal bearing plate and covered 
(Fig. 1) with a plastic box with a transparent door, under which there is a front panel 
with LEDs, two control buttons and 14 socket contacts. There are two adhesive seals 
of the manufacturer on heads of two screws (fixing the box to the bearing posts) under 
the door. 

There are two connecting "voltage" connectors (each with 12 terminals with the 
spacing of 7.5 mm) marked "Q" and "R" on the lower wall of the box, using which the 
inputs are connected to: 

 live parts of the trolleybus construction (primarily DC line voltage) 

 trolleybus box (marked as POINT – its potential is considered as reference 
because this is the potential of the vehicle ground during normal operation) 

 monitored dead parts of the trolleybus construction according to its equipment and 
as required by the keeper or the Railway authority 

 supply from a protected input from the 24 VDC board network (rechargeable 
storage battery). 

In a symmetric trolley network, an electric centre designated as OLV is made by 
two resistors from the direct trolley voltage and is used for measuring during operation 
in an insulated network. During operation in a grounded trolley network, the grounded 
collector is to be preferably connected to the input Q01. It is also possible to connect 
both of the inputs (Q01 and Q02) in the usual way and make a selection in the register 
C. Static converters are used to supply the trolleybus equipment with an alternating 
voltage to generate isolated three-phase networks. Two networks marked ITA and ITB 
can be connected to the earth-leakage relay. When a network has no central terminal 
("triangle" connection), it is made in the earth-leakage relay by means of three 
resistors. When a three-phase network has a central conductor ("star" connection or 
there is a resistor divider built-in in the converter), it can be connected to any of the 
three terminals of the earth-leakage relay. The resistor dividers take the electric 
current continually from these power supply units. 

There is a "signal" connector "S" (12 terminals with the spacing of 5 mm) on the 
top of the box on the right that serves for connecting to the weak-current distribution 
system of the trolleybus: 
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 3 semiconductor binary inputs 
 3 semiconductor binary outputs 
All the inputs and outputs are two-wire, not power-supplied, galvanically separated 
both from internal circuits of the earth-leakage relay and from each other.  
 
Pin allocation of the connector “S” – inputs, outputs: 
S01 – output 1 for indication that the measurement of the insulation 1,000 V is running 
(active +24 V) 
S02 – +24 V 
S03 – output 2 for indication of a danger failure – red (active +24 V) 
S04 – +24 V 
S05 – output 3 for indication of a warning failure – yellow (active +24 V) 
S06 – +24 V 
S07 – GND 
S08 – input 1 for flag of speed under 3 km/h (active +24 V) 
S09 – GND 
S10 – input 2 request to measure the insulation 1,000 V (active +24 V) 
S11 – GND 
S12 – input 3 for flag of trolley voltage occurrence (active +24 V) 
     (connection of the line contactor) 
 A display and data collector DKD-1 can be connected into the connector "T" on 
the top of the box. The two-way RS-232 bus and the +5 VDC supply terminal for DKD-
1 are fully galvanically separated from the other circuits of the earth-leakage relay. The 
display DKD-1 is not connected during common operation of the trolleybus.  

In the manual programming (setting) mode of the earth-leakage relay, there is a 
standard PC keyboard with a PS/2 connector connected to the adjacent connector "U". 
The earth-leakage relay is provided with a CAN bus. The CAN bus is used for 
communication with the other systems in the vehicle. 
HIST-1 transmits the message J1939_H2S_1 and the message J1939_H2S_2 
continually with the period of 500 ms through the bus; the messages contain an actual 
status of the meter, measured channel, actual measured value and status of error 
messages (red and yellow messages). HIST-1 is able to transmit a part of its own 
memory with the measured data (e.g. measured values of 1,000 V internal voltage 
test) or allows you to set parameters of HIST-1. 
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Pin allocation of the connector "T": 
 
 
 
 
 
 
 
 

 
 
Pin allocation of the connector “CAN 1” a “CAN 2”:   

 
 
 

            5    4    3    2    1 
     1 – CAN L 
     2 – RS232 out 
     3 – RS232 in 
            9    8    7    6  4 – nc 
     5 – GND 
     6 – nc 
     7 – CAN H 
     8 – nc 
     9 – +5 V 
 

                5    4    3    2    1 
      1 – nc  
      2 – CAN L 
      3 – GND 
                 4 – nc 
            9    8    7    6  5 – shielding 
      6 – nc 
      7 – CAN H 
      8 – nc 

     9 – nc 
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Fig. 1 Views on the box of HIST-1                 

` `

     PS/2
` CAN 2

Connector U Connector T

RS-232, CAN   PS/2

CAN 1

"TOP VIEW"

Transparent 
door, opened 

on the left

D
oo

r h
an

dl
e

Software plate

Magnetic 
door lock

<S01>      Connector S        <S12>

  Name plate

Seal 
MESIT

Front panel 
(under 

transparent door)

<Q01>    Voltage connector Q   <Q12> <R01>    Voltage connector R     <R12>

"BOTTOM VIEW"
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2 Installation of the earth-leakage relay and connection to the trolleybus 
The earth-leakage relay is attached by means of four screws M6 to a non-conducting 

vertical or inclined (up to 45°) plate in the distribution panel. The spacings of the fixing 
holes are in a rectangle: horizontal dimension 177 mm, vertical dimension 220 mm. The 
box height is 95 mm. The cabling must be protected against short-circuits and damages 
due to mechanical shocks, vibrations and thermal stress. Its bends must not cause 
damages or continuous loading. Each of the wires running from the cable bundle must 
have a loop of a corresponding length securing that no tension and vibrations of the whole 
bundle will be transferred to the connection point (possible accidental disconnecting of 
connectors).    

3 Function of the earth-leakage relay 

Gradual switching over of one of 10 dead and 2 three-phase (ITA, ITB) voltage 
inputs against one of the two reference voltage inputs (POINT, OLV) to the measuring 
circuits is provided by a matrix relay switch. There is a protective resistor of 200 kΩ 
between each of the voltage connector contacts and sockets on the front panel that limits 
the current to the allowed level. So it is provided safety of workers measuring insulation 
resistances manually (e.g. using Megmet) but in case of external measurement using 
Megmet from sockets of the earth-leakage relay, it is necessary to subtract 400 kΩ from 
the measured value. The earth-leakage relay subtracts this value automatically during 
measurement. 

Fig. 2 Block diagram of HIST-1  

 

*( Note: In the earth-leakage relay HIST-1EN.C-M1 are protective resistors of value 200 kΩ, placed on leads Q01 a 
Q02, replaced by shorting interconnections. Protective resistors of value 300 kΩ are placed to the overhead supply. 
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 The switching over of the voltage input combinations is controlled by a 
microprocessor that makes up measuring circuits of four blocks supplied from 
galvanic-separated power supply units (ZGOs); their control and data connection is 
made using optoelectric galvanic isolators (GOs): 
 Analog to digital converter of peak alternating voltage (MU) 
 Analog to digital converter of direct current (MI) 
 power supply of measuring direct voltage of 48 VDC 
 power supply of measuring direct voltage of 1,000 VDC 
 The microprocessor controller receives commands from two buttons on the front 
panel (Tl X, Tl Y) and from three binary inputs (Inp1, Inp2, Inp3). The signalling is 
transmitted to three binary outputs (Out1, Out2, Out3). It transmits data permanently 
into the serial channel RS-232 to display them on the display DKD-1 that can operate 
as a data collector. For the variant equipped with a CAN communication interface, this 
interface is used for communication with superior systems. The communication buses 
RS-232 and CAN are also galvanically separated. 
  The dashed drawn peripheral units allowing you to monitor operation of the earth-
leakage relay or change the program functions and parameter values are not 
connected to the earth-leakage relay continuously. They are following: 
 display and data collector DKD-1 to visualize running measurements and block 

data collection from the limit error memory and measurement memory of 24 
insulation resistances 

 standard PC keyboard with a PS/2 connector to select and adjust parameters of the 
earth-leakage relay 

 For transparency, either the LEDs controlled by the microprocessor or its standard 
equipment with memories and other circuits are not shown. 
 The microprocessor uses a clock circuit with a backup battery to keep the internal 
clock running to remember the day and minute of the limit error occurrence for any 
measured or calculated limit value. 

Besides the ROM (firmware), the microprocessor has a non-destructive memory 
available for variable (inconstant) data (no data loss in case of a power supply failure); 
this memory is logically divided into three blocks: 
 memory of limits – values are saved for two limits (WARNING and DANGER) for 

each of the input combinations, measuring methods and parameters 
 memory of error limits (up to 255 records of the individual parameters) – day and 

minute of the limit error occurrence, combination of inputs, parameter and its 
measured value including the unit of measure, identification of the exceeded limit; 
the events are saved chronologically – when the memory is full, the oldest data are 
overwritten with the newest ones 

 memory of measurement of 24 insulation resistances using 1,000 VDC voltage;    
The microprocessor can assemble four measuring methods to each of the input 

combinations: 
 MU measurement of foreign (external) peak voltage (coming e.g. from the 
trolley) 
 MI measurement of foreign leakage current 
 MR48 measurement of voltage from 48 VDC power supply and measurement of 
current, calculation of insulation resistance 
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 MR1k measurement of voltage from 1,000 VDC power supply and measurement 
of current, calculation of insulation resistance 
 The last measurement sequence (MR1k) can be started manually from the front 
panel by pressing the black button ("X") when the button ("Y") is disabled by the 
manufacturer. At the same time, two pre-conditions must be satisfied – the earth-
leakage relay did not detect a voltage on the trolley inputs (they are connected to it 
beyond the electric equipment switch) and a signal is brought to the earth-leakage 
relay informing that the automatic circuit breaker of the electric equipment (Inp3) is on. 
The second condition secures that the circuit monitoring the voltage from the trolley 
did not detect it because the automatic unit is off! If the 1 kV voltage supply is not 
used, it is safely disconnected using a relay and is not power supplied. 
 The insulation resistance measurement using the power supply of 1,000 VDC 
(MR1k) can be started by the signal (Inp2) also remotely if required by the keeper but 
there must be a modification made on the earth-leakage relay – the red button ("Y") on 
the front panel must be disabled. 
 The microprocessor uses an interruption mode in case of a power supply failure, 
therefore the program can works correctly after the power supply is reconnected. 
Besides, it uses an external and internal unit (watch-dog) to periodically check 
activities – in case of an accidental failure, it restarts (resets) the program. 
Independently on the above mentioned measurements, the voltage between the 
terminal "POINT" and the channel terminal "R02" is checked in the common mode 
continually. This is a voltage comparator that is set at the fixed comparison voltage of 
58 V – so called analogue channel (AK). Using the diagnostic program, two various 
ways of reaction to the interruption from the analogue channel can be set, or the 
analogue channel can be turned off – “analogue channel” = 0 in the additional register 
Status R bit. For the setting of “analogue channel – immediate reaction = 1”, it is 
necessary to consider a delay in hundreds of milliseconds before the WARNING and 
DANGER is indicated. For the setting of “analogue channel – immediate reaction = 0”, 
the time until the WARNING and DANGER is indicated is given by the parameter “D”. 
This parameter can be set using the diagnostic program. DKD-1 and the keyboard can 
be used for backward compatibility. When the analogue channel is activated and the 
WARNING and DANGER is indicated, the earth-leakage relay records the event in the 
non-destructive memory of the instrument with a time mark.       
 

4 Front panel of the earth-leakage relay 
 The front panel is divided into 12 fields for switched over voltage inputs and 2 
fields for reference voltage inputs (each of them is framed). There is a common control 
and indicating (not framed) field on the right in the middle, with 2 buttons and 5 LEDs 
that show the reference input (POINT or OLV), whether it is measured using the 
voltage of 1,000 VDC and states of the output signals (WARNING and DANGER) 
during the running measurement to the driver. The front panel serves for the 
professional operator: 

 to display results of three-band evaluation of pairs of limit values of the last 
measurements of all the 12 switched over voltage inputs; 

 to start 24 measurements of insulation resistances of the trolleybus from the power 
supply of 1,000 VDC using the buttons (it can be carried out also remotely from the 
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vehicle computer) or to start the function test of the earth-leakage relay using the 
connected test fixture; 

 to manually measure insulation resistances of the trolleybus in the sockets using a 
manual instrument when the collectors are lowered (the earth-leakage relay does 
not have to be disconnected), it must be stopped or turned off. 

Fig. 3 Views on the front panel of HIST-1 
  
The small letter identifies the colour: r = red, m = blue, ž = yellow, č = black, b = white 

 

 
Field of the switched over voltage input: 

The result of the measurement is compared with the limit values and indicated by two 
LEDs that make recognition of four states possible. 

black socket to connect insulation meters (e.g. Megmet 1,000 VDC)
č           to voltage input through protective resistor of 200 kΩ 

red LED is lighting = DANGER both LEDs are lighting = WARNING
r

white LED is lighting = OPERATION no LED is lighting = MEASUREMENT is running
b

identification of voltage input from dead part (1 = GROUND = externally connected vehicle4
box or centre of isolated network of 3x400 VAC (ITA, ITB) consisting of three resistors

 
The switched over voltage inputs from the live parts are electrical centres of the 
isolated alternating networks ITA and ITB that are generated by the converter in the 
trolleybus. 

Field of the reference voltage input OLV (live part of the trolleybus): 
In an insulated traction power supply system, this is an electric centre made by two 
resistors; in a grounded system, this is a grounded trolley collector: 
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resistors connected between trolley collectors, which must be LOWERED!
TROLEJ

identification of reference voltage input = live part 600/750 VDC

r red LED = voltage from traction line when automatic unit is ON
r red socket to connect 2nd line of insulation meter to the centre of two 

  

Field of the reference voltage input POINT (dead parts of the trolleybus):   

SKŘÍŇ identification of reference voltage input = dead part of trolleybus

blue socket to connect 2nd line of insulation meter to reference

       input through protective resistor 200 kΩm
 

 Common indicating and control field (unbounded): 

white LED = during measurement of insulation resistances using 1,000 VDC voltage

red LED = indication of output Out2 to driver = DANGER

white LED = during measurement against TROLLEY = basic (1st) insulation

A
yellow LED = indication of output Out3 to driver = WARNING

white LED = during measurement against BOX = additional (2nd) insulation
B

C

E
D

black button to start the measurement of insulation resistances using 1,000 VDC or 
(when the power supply is ON) or the function check according to 8.3.3.1 of Technical 
specifications

red button to confirm the start of measurement of insulation resistances 
using 1, 000 VDC (it must be pressed before the black button X is pressed; 
 in case of automatic start of the test, the button is short-circuited.)

X č

Y r

5 Display and data collector DKD-1 

 The basic use of DKD-1 is to display alphanumeric data communicated by the 
earth-leakage relay during its operation in the trolleybus or during verification of its 
function for service professional workers. For operating maintenance workers, to 
import a block of limit error records and values of the insulation resistance measured 
at 1,000 V DC (substitution of the manual measurement with Megmet) gradually from 
the memory of the earth-leakage relays from up to eight vehicles after arrival of the 
trolleybuses (e.g. at a depot). Later on the workplace, to view records accumulated in 
its memory by two-way browsing in any of blocks (no PC is required) and export the 
recorded blocks to a PC and subsequently print the reports. 
 DKD-1 substitutes a laptop during data collection from the earth-leakage relays in 
the vehicles. Its advantage is its simple operation, resistance to careless handling, 
battery-less maintenance-free operation and small dimensions.  
 DKD-1 is fitted with a microprocessor and non-destructive memory (continuous 
power supply is not required) for data from up to eight earth-leakage relays (from 
trolleybuses), each with 280 records. It is in-built in a hand-held box with the following 
elements on the front wall: 
 LCD without backlight, with 2 lines, each with 16 alphanumerical characters 
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 four colour buttons identified as follows 
INP (red) – BLOC (yellow) – READ (white) – OUT (green) 

On the left side wall: 
 Connector DATA INP, type Canon 9M to connect to the earth-leakage relay also 

through a RS-232 cable (without galvanic separation), completed with the +5 V 
power supply from HIST-1 

 
On the right side wall: 
 Connector DATA OUT, type Canon 9F to connect to PC through a RS-232 cable 

(without galvanic separation) 
 Connector Jack M, coaxial, to connect an external supply main with galvanic 

separation to secure autonomous operation of DKD-1 and to transfer data to PC 

 Fig. 4 Connection of DKD-1 to HIST-1 to import data blocks 

 

Fig. 5 Connection of DKD-1 to PC to export data blocks 

 

Control of DKD-1 in four operating modes 

 Display of actual data continuously transmitted from HIST-1 
 After the cable is connected to HIST-1, the initial message appears shortly on the 
display. Then it is not necessary to operate the buttons. The data will be displayed 
automatically. 

 Import of the block of records from HIST-1 with protection against overwriting of 
not exported blocks 
 Press the yellow button BLOC repeatedly to select a block (in a clockwise 
direction), into which you can save the data. After you press the red button INP, the 
message "Importing the block" is displayed and the block is being imported and may 
overwrite a block saved earlier. 

KEYBOARD 

NETWORK 
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 If there is "FULL" behind the block number, the block has not been exported yet 
and cannot be overwritten with new data. 

 View of records in DKD-1 supplied from HIST-1 or from the supply main. 
 Use the yellow button BLOC to select a block (in a clockwise direction) and press 
the white button READ to shortly view the block identification including the order 
number of the chronologically last record, serial number of HIST-1 and registration 
number of the trolleybus (both of the last data are also saved in the record No. 000). 
Then the last record will appear that was in the memory of HIST-1 when this block was 
imported. 
 
Each of the records includes: 
# order number 
# measured combination of voltage inputs KK with parameter identification 
  0 = foreign voltage 2 = resistance at 48 VDC  3 = power supply ON 
  1 = foreign current 4 = resistance at 1,000 VDC 5 = voltage > 58 V from 
AK 
   over the exceeded limit identification 
  1 = WARNING  2 = DANGER 
# parameter value and unit of measure 
# date <DD/MM> and time <hh:mm> of occurrence. 
 Use the red (left) button INP to browse the records clockwise up or the green 
(right) button OUT counterclockwise down. 
 By pressing the yellow button BLOC, interrupt the browsing and then you can 
select another block. 

 Export of the block of record to a PC 
 Connect DKD-1 to a PC through a cable (it cannot be connected to HIST-1 at the 
same time) and start the utility program. The block transfer to a PC through the 
standard serial channel RS-232 is asynchronous (start – stop) at the speed of 19,200 
Baud, 8 bits, no parity, 1 stop bit. That makes transferring of one block within about 6 
sec. possible. 
 After the main line is connected, the initial message will appear shortly. Use the 
yellow button BLOC to select a Memory block and press the green button OUT to 
display the message "Exporting the block" and export the block. 
 If the message "FULL" is behind the block number, it will disappear after the 
transfer is completed. You can export the same block repeatedly by pressing the 
green button OUT. Another block can be selected with clockwise single-step operation 
using the yellow button BLOC. 

 English version (program version DKD-1 1.4) 
 For the use of DKD-1 abroad, you can change the communication language from 
the Czech into  

English and vice versa. To change the language, operate the yellow button BLOC 
clockwise in single-step operation through the banks of 1–8 to the language selection 
– The message „jazyk“ or „language“ will appear on the display. Use the green button 
OUT to select the corresponding language version: 
    Language – Czech,   Language – English 
and continue in the subsequent selections according to the previous paragraphs. 
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6 Diagnostic program for HIST-1 
 

 
 

 
The diagnostic program DiagHIST-1 is designed for testing and configuring 

the function settings of the earth-leakage relay. The program also allows the user 
to create configuration files of the earth-leakage relay and save/read them in a 
binary or text format. The text format is designed primarily for printouts and it does 
not allow re-reading. By using the binary format of the files, it is possible to 
efficiently work with its configuration for various traction systems. The files are 
portable. The correct function is conditioned by the compatibility between the 
firmware version of the earth-leakage relay and the diagnostic program. For this 
reason, we recommend you to consult the technical support department. The 
latest version of the diagnostic program DiagHist-1 can be found here: 
https://www.mesitasd.cz/dokumenty-pro-hist-1. The access rights are granted by 
the sales department of MESIT aerospace, s. r. o. 

For correct function of the program, it is necessary to connect the earth-
leakage relay via connector “T” to a PC (serial port RS232, e.g. COM1), using a 
standard communication cable of type RS232. We recommend you to use a 
shielded twisted pair cable and keep the cable length as short as possible. This 
type is delivered, for example, with the DKD-1 display kit. If the used PC does not 
contain any serial port RS232 (COM1), it is possible to use a transducer USB – 
RS232. The type of transducer to be used must also be consulted with the 
technical support of the diagnostic program, or the connection to the transducer 
must be checked for proper function in a practical test. Requirements for PC and a 
detailed description of the function of the diagnostic program DiagHIST-1 are 
given in the manual delivered with the program. 
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7 Control from the keyboard in the programming mode 
The earth-leakage relay HIST-1 can be operated after the PS/2 cable of a 

standard PC keyboard is connected to the connector "U" on the top of the box. The 
following commands are available for service professional workers of the trolleybus 
keeper. 
After the [key] is pressed - - - - - - - - - - - will be executed - - - - - - - and <displayed> 
Change from the measurement mode to the programming mode 

[any] input GROUND (1) to reference POINT (LED "A") - - -    <PROG> 
* * * 

Changing over of voltage inputs – both of the LEDS of the set input go off 
[cursor up] [↑]    upward changing      <PROG> 
[cursor down]  [↓]  downward changing      <PROG> 

* * * 
Reference input changing – repeated pressing 

[T]  changes over POINT (LED "A") and OLV (LED "E") - - - - - - -  <PROG> 
* * * 

Change from the programming mode to the measurement mode 
[F12] starts the measuring sequence from the start – <shows values continuously> 

* * * * * * 
Measurement in the set combination of the switch (voltage input to reference) 

* * * 
[N] [N] measures repeatedly the foreign voltage in (tenths) 0.1 V      <nnnnn,n_V> 

  [Esc] ends the measurement  - - - - - - - - - - - - - - - -  - - - - - -   <PROG> 
* * * 

[P] [P] measures repeatedly the foreign current in (tenths) 0.1 μA
 <nnnnn,n_uA> 
  [Esc] ends the measurement  - - - - - - - - - - - - - - - -  - - - - - -   <PROG> 

* * * 
[O] measures the voltage from the power supply of 48 VDC 

calculates the resistance in kΩ -- - - - -- - -    <Resistance:_nnnnn_kOhm> 
 [O] new measurement and calculation of resistance... OR 
  [cursor up/down] keeps changing-over ... OR 
  [Esc] ends the measurement  - - - - - - - - - - - - - - - -  - - - - - -         <PROG> 

* * * * * * 
Reading and setting of upper resistance limits in the individual combination of the 
switch 
 [M]- - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - -   <limit_01> 
  [cursor up/down] changes over the input combinations     <limit_KK> 
    01 – 12 to POINT (LED "A") or 

13 – 24 to OLV (LED "E") 
  [Enter] displays the set resistance in kΩ for           <05000> 
    limit WARNING – pre-set (default) value is 5,000 kΩ 
    limit DANGER is constantly set at 600 kΩ 
  [F4]  sets the new value for WARMING limit           <-----> 
  [0 to 9] five-digit number in kΩ (from 01001 kΩ to 10239 kΩ), e.g. <10200> 
  [F2]  confirms the set value and saves in the memory      <OK> 
    But if the set value is out of the limits, it displays   <IMPOSSIBLE> 
    and returns to [F4] 
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  [cursor up/down] keeps changing-over ... OR   <limit_KK> 
  [Esc] ends the reading and setting of the resistance limits  - - - - - <PROG> 

* * * * * * 
Reading and setting of voltage limits in individual combinations of the switch 
 [U]  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - -  <N-limit_01> 
  [cursor up/down] changes over combinations of 01–24    <N-limit_KK> 
  [Enter] displays the set voltage limit in V     <050,0> 
    the default value is 30 V 
  [F4]  sets the new value                   <--0> 
  [0 to 9] two-digit number in 10x V (from 01 = 010.0 V to 44 = 440.0 V  

e.g. 10  = 100 V)           <100> 
  [F2]  confirms the set value and saves in the memory       <OK> 
    But if the set value is out of the limits, it displays <IMPOSSIBLE> 
    and returns to [F4] 
  [cursor up/down] keeps changing-over … OR    <N-limit_KK> 
  [Esc] ends the reading and setting of voltage limits - - - - - - - -  <PROG> 

* * * * * * 
Reading and setting upper voltage on the strip [L]  
  [U-PAS] displays the set voltage limit in V           <0050> 
    preset (default) value               <----> 
  [F4]  sets the new value                <--40> 
  [F2]  confirms the set value and saves in the memory           <OK> 
  [Esc] ends reading and setting of the upper voltage on the strip- - <PROG> 

* * * * * * 
Reading and setting of current limits in individual combinations of the switch 
 [I]  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - -  - - - - - - - - - - <P-limit:01> 
  [cursor up/down] changes over combinations of 01–24    <P-limit:KK> 
  [Enter] displays the set current limit in μA  ............<030.0μA> 
    the pre-set (default) value is 300 μA 
  [F4]  sets the new limit value               <---0> 
  [0 to 9] three-digit number in 10x μA (from 005 = 50 μA to 120 = 1.2 mA  

e.g. 010 = 100 μA                  <0100> 
  [F2]  confirms the set value and saves in the memory      <OK> 
    But if the set value is out of the limits, it displays <IMPOSSIBLE> 
    and returns to [F4] 
  [cursor up/down] keeps changing-over … OR    <P-limit:KK> 
  [Esc] ends the reading and setting of current limits - - - - - - - -      <PROG> 

* * * * * * 
Resetting of pre-set (default) values of three pairs of limits of all the combinations 

[X] sets default values of all limits - - - - - - - - - - - - - - - - - - - - - - - - <Default> 
* * * * * * 

Reading and setting of time and date 
* * * 

[3] displays time and date of internal clock- - - - - - - - - - - - - - - - - - - -  <Time> 
  in 24-hour version                     <hh:mm  DD/MM/YY> 

* * * 
[H] sets hours of the uniform time, waiting for insertion - - - - - - - - - - - <Hours> 

  [0 – 9] digit values hour:minute e.g.                            <23:59> 
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    by editing the last digit, it sets a new value - - - - - - - - - - - - - <PROG> 
* * * 

[K] calendar setting, it waits, until all the characters are inserted - - - - - - <Date> 
  [0 – 9] digital values: day / month / year / day in week where Monday is 1  

e.g.                 <02/09/13 /1> 
    by editing the last digit, it sets a new value - - - - - - - - - - - - --<PROG> 

* * * * * * 
 
Reading and setting of the central status register Status C (8 bits) 
 [1]  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  <STATUS: 76543210> 
 bit 7  circuit of 1st insulation 1 = forbidden 0 = allowed  < 0 > default   
 bit 6  language version  1 = English  0 = Czech  < x > 
 bit 5  input 3 km/h   1 = is used   0 = is not used < x > 
 bit 4  grounded network type 1 = grounded  0 = partly grounded < x > 
 bit 3  status of trolley relay 1 = according to bit 1  0 = both connected < x > 

bit 2  trailed strip    1 = is used   0 = is not used < x > 
 bit 1 selection of relay of grounded trolley 1 = disconnect Q1 0 = disconnect Q2 < x > 

bit 0  traction network     1 = grounded   0 = isolated  < x > 
  [F4]  sets the new value - - - - - - - - - - - - - - - - - - <--------> 
   [1 or 0] necessary to set the whole register from bit 7 to 0 
  [F2]  confirms the set value and saves in the memory <OK> 
  [Esc] ends the reading and setting of the Status C - - - - - - - - - -  <PROG> 

* * * * * * 
Reading and setting of the additional status register Status C (8 bits) 
 [F9] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  <STATUS R: 76543210> 
 bit 7  communication CAN  1 = allowed 0 = forbidden < x > default   

bit 6  analogue channel during the drive  1 = allowed  0 = forbidden < x > 
 bit 5  1st insulation as foreign current 1 = yes  0 = no  < x > 
 bit 4  trolleybus number through CAN 1 = can be overwritten 0 = cannot be overwritten < x > 
 bit 3  ½ current limit when 
    the vehicle is stopped  1 = yes   0 = no (whole limit)  < x > 
 bit 2  analogue channel    1 = allowed  0 = forbidden  < x > 

bit 1  analogue channel  
   immediate reaction   1 = yes   0 = no   < x > 

 bit 0  logic of output relays  1 = open  0 = closed  < x > 
 
  [F4]  sets the new value - - - - - - - - - - - - - - - - - -<--------> 
   [1 or 0] the whole register must be set from bit 7 to 0 
  [F2]  confirms the set value and saves in the memory  <OK> 
  [Esc] ends the reading and setting of the Status R - - - - - - - - <PROG> 
         * * * * * * 
Time of indication of the red failure to the driver – time ERR. The range of allocation 
from 0 to 255 x 0.5 sec. When the value 0 is edited, this time is off. 
 [W]  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - <TIME ERR: 0010> 
  [F4]  sets the new value   - - - - - - - - - - - - - - - - - - <--- x0.5 sec> 
  [0 to 255] three-digit number in seconds x 0.5 e.g.   - - - - - - - - - - - - <010> 
  [F2]  confirms the set value and saves in the memory   <OK> 
  [Esc] ends the reading and setting of the time interval -  - - - - - <PROG> 
Note: The duration of the yellow indication is the same as of the red one. 

* * * * * * 
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Time when the red failure to the driver is not indicated – time ANL. The range of 
allocation from 0 to 25 x 10 sec. When the value 0 is edited, this time is off. 
 [Y] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - <TIME ANL: 0003> 
  [F4]  sets the new value   - - - - - - - - - - - - - - - - - - - - <--- x 10 sec> 
  [0 to 9] two-digit number in seconds x 10 e.g.                         <003> 
  [F2]  confirms the set value and saves in the memory            <OK> 
  [Esc] ends the reading and setting of the time interval - - - - - - - - <PROG> 

* * * * * * 
Time of slow analogue channel – time AN. The range of allocation from 0 to 255 x 20 
msec. When the value 0 is edited, this time is off. 
 [D] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - <time AN: 0003> 
  [F4]  sets the new value   - - - - - - - - - - - - - - - - - - - - <--- x 10 sec> 
  [0 to 9] three-digit x 0.020 e.g.                                                 <200> 
  [F2]  confirms the set value and saves in the memory            <OK> 
  [Esc] ends the reading and setting of the time interval - - - - - - - - <PROG> 

* * * * * * 
Reading and setting of the time interval of the continuous measurement of the box-to-
ground voltage in the grounded traction network in the range of 1–40 minutes; preset 
(default) value 10 minutes: 
 [F5] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - -  - <TIME T1: 10> 
  [F4]  sets the new value   - - - - - - - - - - - - - - - - - -                <---> 
  [0 to 9] two-digit number in minutes (from 01 to 40), e.g.     <06> 
  [F2]  confirms the set value and saves in the memory     <OK> 
  [Esc] ends the reading and setting of the time interval - - - - - - - <PROG> 

* * * * * * 
Reading and setting of the number of measurements of the box-to-ground voltage >50 
VDC during the time interval of the continuous measurement, after which the red 
failure (DANGER) is indicated to the driver (this is a total number of voltage limit errors 
and it does not have to occur in immediately subsequent measurements); range of 1–
40 voltage limit errors; preset (default) value 10 voltage limit errors: 
 [F8] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <PCZ/ERR: 10> 
  [F4]  sets the new value   - - - - - - - - - - - - - - - - - -              <---> 
  [0 to 9] two-digit number of limit errors (from 01 to 40), e.g.        <20> 
  [F2]  confirms the set value and saves in the memory        <OK> 
  [Esc] ends the reading and setting of the number of voltage limit errors - <PROG> 

* * * * * * 
Reading and setting of the number of limit error cycles during measurement of all the 
combinations of the switch, after which the red failure (DANGER) or yellow failure 
(WARNING) is indicated to the driver; range of 1–5 limit error cycles; preset (default) 
value 3 cycles: 
 [F6] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - <PC/ERR: 3> 
  [F4]  sets the new value - - - - - - - - - - - -  - - -                              <---0> 
  [0 to 3] one-digit number of limit errors (from 1 to 3), e.g.     <2> 
  [F2]  confirms the set value and saves in the memory        <OK> 
  [Esc] ends reading and setting of the number of the limit error cycles - -  <PROG> 

* * * * * * 
Setting of the registration number of the trolleybus 
 [F2] - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  <BUS_____EvC:nnnn> 
  [F4]  sets another number               <----> 
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  [0 to 9] four-digit number e.g.         <3603> 
  [F2]  confirms the set number and saves in the memory       <OK> 
  [Esc] ends the check of registration number of the trolleybus- - - - <PROG> 

* * * * * * 
 
 

Reading of the software version incl. date of issue 
 [F1]  displays - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - <V 3.09b 24/06/08> 
 [Esc] returns the programming mode- - - - - - - - - - - - - - - - - - - - - - - - - - <PROG> 

* * * * * * 
View of the limit error memory block 

[2]  record number <ZZZ> of the last limit error<ZZZ_KK_P/M_hh:mm> 
with the time <hour:min> and date <Day/Month> <hhhhh_unit_DD/MM> 

 input combination number in the top line <KK> from 01 to 24 
 exceeded parameter <P> – 0 = foreign voltage 

– 1 = foreign current 
– 2 = resistance at 48 VDC 

       – 3 = power supply ON 
– 4 = resistance at 1,000 VDC 
– 5 = voltage >50 V from analogue channel – only for 
the strip 

 exceeded limit value <M> – 1 = WARNING 
       – 2 = DANGER 
 lower line shows the measured value <hhhhh> 

and unit of measure <unit> according to the parameter 
[cursor up/down] steps in the records clockwise or counterclockwise 

   i.e. after the record No. 255, the record No. 000 follows or vice versa 
  [Esc] ends and returns to the start of the programming mode - -  <PROG> 

* * * * * * 
View of the resistance measurement memory block at 1,000 VDC – TEST 
 [0] the first combination of inputs <KK> = <01> - - -  - <---_KK_P/M_hh:mm> 

with the time <hour:min> and date <Day/Month> <hhhhh_kOhm_DD/MM> 
measurement of insulation resistances when the collectors are lowered and the 
line contactor is ON  measured parameter <P> – 4 = resistance at 1,000 VDC 

 possible exceeding of resistance limit value <M> – 0 = no limit error 
– 1 = WARNING 

             – 2 = DANGER 
 the lower line shows the measured value<hhhhh> and unit of measure<kOhm> 

[cursor up/down] steps by individual input combinations 
from 01 to 24 clockwise or counterclockwise, i.e. combination 01 
follows after 24 or vice versa 

  [Esc] ends and returns to the start of the programming mode - - <PROG> 
* * * * * * 

Check of LEDs, inputs and outputs 
* * * 

 [7] checking lighting up of LEDs 
at all the inputs on the front panel - - - - - - - - - - - - - - <Red_LED_ON> 

  [7]  whole lines of LEDs are lighting alternatively  <White_LED_ON> 
  [Esc] ends and returns to the start of the programming mode - -  <PROG> 
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 [6] turns on the output Out2 and LED "D" - - - - - - - - <Red_ON_____> 
  i.e. signalling DANGER (red) at the driver 
  checks inputs INP1 and INP2, displays active inputs <INP1__INP2______> 
  [6]  turns off/on Out2 alternately, "D"  <Red_off_____> 
  [Esc] ends and returns to the start of the programming mode - - <PROG> 

* * * 
[5] turns on the output Out3 and LED "B" - - - - - - - - - <Yellow_ON_______> 

  i.e. it signals WARNING (yellow) at the driver 
  checks the input INP3 and displays <____________INP3> when it is active 
  [5]  turns off/on Out3 alternately, "B"  <Yellow_off_____> 
  [Esc] ends and returns to the start of the programming mode - -   <PROG> 

* * * * * * 
 

8 Operation of the earth-leakage relay in systems and modes 
The earth-leakage relay works in two basic traction systems: 
1. insulated system 

- with a strip 
- without a strip 

2. grounded system 
- with a strip 
- without a strip 

The combination of both systems is the so-called switched system where the earth-
leakage relay is switched over by an external status signal between the insulated and 
grounded system. 
Note: The meaning of the below used parameters “time ERR” and “time ANL” and 
“time AN” is explained in detail in Chapter 7. 
 

8.1 Operation of the earth-leakage relay in an insulated system without a 
strip 

The earth-leakage relay in an insulated system without a strip works in four basic 
modes. The necessary precondition is the correct setting of configuration registers 
using the setting and evaluating program of the earth-leakage relay. A recommended 
setting is given in the Appendix 1 of this document. 
 
Description of individual modes: 
 

1) The vehicle stands, the trolley voltage is not present. 
The earth-leakage relay measures individual insulation layers and compares 
them with the set limits. If it measures a value < 600 kΩ for any of the layers, it 
lights up the red LED on the corresponding channel. Then it continues in 
measuring the other layers. It indicates the status WARNING when the low 
value (< 600 kΩ) of the same insulating layer occurs again in the repeat by the 
setting of the parameter F6. It indicates the red message DANGER when it 
measures a low insulation value for both layers (first and second) of the same 
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channel, or a low insulation value of the whole vehicle during measurement of 
the whole insulation status – channel 13 under the above conditions. When the 
whole insulation status < 600 kΩ, it indicates DANGER continually after the time 
that is given by the passage through all active measuring channels to the 
measurement channel of the whole insulation status. As long as this failure 
exists, it does not continue in measuring on the other channels but remains and 
measuring the channel 13 continually. When the failure subsides, it continues in 
measuring on the individual channels. The message is over when the whole 
measuring cycle is completed without a failure. The WARNING status message 
is also reported continually as long as the failure exists. After the failure 
subsides, the message is ended after the time of the whole measuring cycle 
without a failure. When the earth-leakage relay indicates a failure of the whole 
insulation status on an active channel, the earth-leakage relay marks this 
channel on the panel but it does not remain on it. It continues in measuring on 
the other active channels. It reports the failure to the driver after the 
requirement is met for the number of passages up to indication of the failure set 
in the configuration. Only one entry is written in the diagnostics of HIST. 
 

2) The vehicle stands, the trolley voltage is present. 
The earth-leakage relay is permanently in the position for measurement of the 
whole insulation status. It measures the voltage between the bodywork and the 
trolley centre. If the value exceeds the set voltage limit and then also the set 
current limit, it announces DANGER. When the failure subsides, the report is 
finished. The report lasts for the set time ERR and time ANL. When the 
DANGER status is still active, then the report is repeated for the set time period. 
When the vehicle starts moving and the DANGER status is reported, the report 
is finished after the next stop of the vehicle (if conditions are met). Only one 
entry is written in the diagnostics of HIST. 
 

3) The vehicle drives, the trolley voltage is present. 
a) All channels are measured – the second insulation in the resistance way, the 

first insulation – foreign voltage, foreign current.  It is always reported only 
WARNING because DANGER is reported only after it is changed to the 
measurement of the “whole insulation status” through the interruption from 
the analogue channel. 

b) Interruption from the analogue channel of box – trolley centre > 58 V. When 
the “analogue channel” (slow) is set in the configuration of the earth-leakage 
relay, the time until the DANGER status is given by the parameter time AN. 
When the activation is not finished during this time period, the DANGER 
status is reported. After the failure subsides, the indication will be finished 
after the time of one whole measuring cycle without a failure or at the next 
stop of the vehicle. When the time ERR and time ANL are set, the indication 
will report the failure with the period of about 20 sec ON and about 20 sec 
OFF: When the “analogue channel – immediate reaction” is set in the 
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configuration of the earth leakage relay, the time until the DANGER status 
ranges in milliseconds (sta). One entry is written in the memory of the earth-
leakage relay. 

c)  The indication of the active DANGER status for the driver lasts for the set 
time period (time ERR and time ANL). When the DANGER status is still 
active, then the report is repeated for the set time period. The WARNING 
status message is continually reported as long as the failure exists. After the 
failure subsides, the message is ended after the time of the whole 
measuring cycle without a failure. Only one entry is written in the diagnostics 
of HIST. 
 

4) The vehicle drives, the trolley voltage is not present. 
The earth-leakage relay works according to point 1). 

Note 1: The failure indication is set by the parameter (time ERR) in all cases and its 
new activation is also set by the parameter (time ANL). In all modes, the driver can 
turn off the audible warning during the time of the signalling but he cannot turn off the 
visual signalling. 
 
Note 2: In case of a failure of the whole insulation status – channel 13, the red LED on 
the channel 13 does not have to light up. This status is indicated on the panel in the 
common signalling field and in the running communication to a superior system. 
 

8.2 Operation of the the earth-leakage relay in an insulated 
system with a strip and in an insulated mixed system with a strip 

The earth-leakage relay in an insulated system with a strip works in four basic 
modes. The necessary precondition is the correct setting of configuration registers 
using the diagnostic program of the earth-leakage relay. A recommended setting is 
given in the Appendix 2 of this document. 
 
Description of individual modes: 
 

1) The vehicle stands, the trolley voltage is not present. 
The earth-leakage relay measures individual insulation layers and compares 
them with the set limits. If it measures a value < 600 kΩ for any of the layers, it 
lights up the red LED on the corresponding channel. Then it continues in 
measuring the other layers. It indicates the status WARNING when the low 
value (< 600 kΩ) of the same insulating layer occurs again in the repeat by 
setting of the parameter F6. It indicates the red message DANGER when it 
measures a low insulation value for both layers (first and second) of the same 
channel, or a low insulation value of the whole vehicle during measurement of 
the whole insulation status – channel 13 under the above conditions. When the 
whole insulation status < 600 kΩ, it indicates DANGER continually after the time 
that is given by the passage through all active measuring channels to the 
measurement channel of the whole insulation status. As long as this failure 
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exists, it does not continue in measuring on the other channels but remains and 
measuring the channel 13 continually. When the failure subsides, it continues in 
measuring on the individual channels. The message is over when the whole 
measuring cycle is completed without a failure. The WARNING status message 
is also reported continually as long as the failure exists. After the failure 
subsides, the message is ended after the time of the whole measuring cycle 
without a failure. When the earth-leakage relay indicates a failure of the whole 
insulation status on an active channel, the earth-leakage relay marks this 
channel on the panel but it does not remain on it. It continues in measuring on 
the other active channels. It reports the failure to the driver after the 
requirement is met for the number of passages up to indication of the failure set 
in the configuration. Only one entry is written in the diagnostics of HIST. 
 

2) The vehicle stands, the trolley voltage is present. 
The earth-leakage relay is continually in the position of measurement between 
the bodywork and the strip on two levels. When it exceeds the first limit [U1] set 
parametrically, it reports the WARNING status as long as the failure exists. The 
second strip voltage limit [U2] is set by means of the parameter [L] (50 V is set 
for the Czech Republic). When the strip voltage exceeds this limit, the earth-
leakage relay reports the DANGER status. When the voltage drops under the 
value [U2] and > [U1] at the same time, the WARNING status remains. When 
the failure subsides, the report is finished. When the vehicle starts moving, the 
message WARNING will be finished after the whole measuring cycles is 
completed. The indication of the active DANGER status for the driver lasts for 
the set time period (time ERR and time ANL). When the DANGER status is still 
active, then the report is repeated for the set time period. When the vehicle 
starts moving and the DANGER status is reported, this status remains up to the 
next stop of the vehicle. Only then the new measurement is carried out and the 
status is reported. Only one entry is written in the diagnostics of HIST. 
 
Note: The function of the modes 1 and 2 is not influenced by the bit 6 in the 
additional register R (turning off the analogue channel during the drive). 
 

3) The vehicle drives, the trolley voltage is present. 
a) All channels are measured – the second insulation in the resistance way, the 

first insulation – foreign voltage, foreign current.  It is always reported only 
WARNING because DANGER is reported only after it is changed to the 
measurement of the “whole insulation status” through the interruption from 
the analogue channel. The channel 13 is not measured in this mode. 
 

b)   Interruption from the analogue channel of box – strip > 58 V. When the 
“analogue channel” (slow) is set in the configuration of the earth-leakage 
relay, the time until the DANGER status is given by the parameter time AN. 
When the activation is not finished during this time period, the DANGER 
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status is reported. After the failure subsides, the indication will be finished 
after the time of one whole measuring cycle without a failure or at the next 
stop of the vehicle. When the time ERR and time ANL are set, the indication 
will report the failure with the period of about 20 sec ON and about 20 sec 
OFF: When the “analogue channel – immediate reaction” is set in the 
configuration of the earth leakage relay, the time until the DANGER status 
ranges in milliseconds (sta). One entry is written in the memory of the earth-
leakage relay. 

c)  The indication of the active DANGER status for the driver lasts for the set 
time period (time ERR and time ANL). When the DANGER status is still 
active, then the report is repeated for the set time period. The WARNING 
status message is continually reported as long as the failure exists. After the 
failure subsides, the message is ended after the time of the whole 
measuring cycle without a failure. Only one entry is written in the diagnostics 
of HIST. 
 

Note: The function of the analogue channel can be influenced in the mode 3 by 
setting the bit 6 in the additional register R (turning off the analogue channel during 
the drive). When this bit is 0 in the log, the earth-leakage relay will not respond to 
the strip voltage >58 V during the drive. Otherwise the function of the earth-leakage 
relay remains unchanged. The control of this bit can be utilized in case of mixed 
insulated strip system (for an example of the setting see Appendix No. 4). 

 
4) The vehicle drives, the trolley voltage is not present. 

The earth-leakage relay works according to point 1). 

Note 1: The failure indication is set by the parameter (time ERR) in all cases and its 
new activation is also set by the parameter (time ANL). In all modes, the driver can 
turn off the audible warning during the time of the signalling but he cannot turn off the 
visual signalling. When the time ERR and the time ANL are set to the value = 0, the 
system of the report interruption to the driver is disabled. The failure is reported to the 
driver continually with the same conditions for turning off. 
 
Note 2: In case of a failure of the whole insulation status – channel 13, the red LED on 
the channel 13 does not have to light up. This status is indicated on the panel in the 
common signalling field and in the running communication to a superior system. 

8.3 Operation of the earth-leakage relay in a grounded traction system 
The operation in a grounded traction system is possible with a trailed strip or 

without a strip. If the trolleybus is used on this system, the box-to ground voltage is 
measured using a grounded trolley wire. 

The following conditions must be met: line contactor ON (voltage on the input 
Inp3), bit 0 and bit 4 of the status register (Status C) set at "1". You can select a time 
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interval (parameter TIME T1: in the range of 1–40 minutes, default value 10 minutes), 
for which only the box-to-ground voltage will be measured continuously. When the 
number of cases when the voltage exceeds 50 VD will be more than the set value 
(parameter PCZ/ERR, range 1–40 limit errors, default value 10 limit errors), the red 
LED "D" lights up on the front panel of the earth-leakage relay and the output Out2 
transmits the red message "Isolation status failure – DANGER" to the driver's panel. 

   
Description of individual modes: 

1) The vehicle stands, the trolley voltage is not present. 
The earth-leakage relay measures only the second insulations and compares 
them with the set limits. If it measures a value < 600 kΩ for any of the layers, it 
lights up the red LED on the corresponding channel. Then it continues in 
measuring the other layers. It indicates the status WARNING when the low 
value (< 600 kΩ) of the same insulating layer occurs again in the repeat by 
setting of the parameter F6. The message is over when the whole measuring 
cycle is completed without a failure. The WARNING status message is also 
reported continually as long as the failure exists. After the failure subsides, the 
message is ended after the time of the whole measuring cycle without a failure. 
It reports the failure to the driver after the requirement is met for the number of 
passages up to indication of the failure set in the configuration. Only one entry 
is written in the diagnostics of HIST. 

2) The vehicle stands, the trolley voltage is present. 
The earth-leakage relay is permanently in the position for measurement of the 
whole insulation status. It measures the voltage between the bodywork and the 
grounded trolley. Also the setting of bit 3 of the additional register R ( can be 
advantageously used ½ current limit when the vehicle is stopped). If the value 
exceeds the set voltage limit and then also the set current limit, it announces 
DANGER. When the failure subsides, the report is finished. The report lasts for 
the set time ERR and time ANL. When the DANGER status is still active, then 
the report is repeated for the set time period. When the vehicle starts moving 
and the DANGER status is reported, the report is finished after the next stop of 
the vehicle (if conditions are met). Only one entry is written in the diagnostics of 
HIST. 

3) The vehicle drives, the trolley voltage is present. 
a) All channels are measured – the second insulation in the resistance way, the 

first insulation – foreign voltage, foreign current (according to the setting of 
the additional register Status R– e.g. only current for the first insulation). It is 
always reported only WARNING because DANGER is reported only after it 
is changed to the measurement of the “whole insulation status” through the 
interruption from the analogue channel. 

b) Interruption from the analogue channel of box – strip > 58 V. When the 
“analogue channel” (slow) is set in the configuration of the earth-leakage 
relay, the time until the DANGER status is given by the parameter time AN. 
When the activation is not finished during this time period, the DANGER 
status is reported. After the failure subsides, the indication will be finished 
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after the time of one whole measuring cycle without a failure or at the next 
stop of the vehicle. When the time ERR and time ANL are set, the indication 
will report the failure with the period of about 20 sec ON and about 20 sec 
OFF: When the “analogue channel – immediate reaction” is set in the 
configuration of the earth leakage relay, the time until the DANGER status 
ranges in milliseconds (sta). 

One entry is written in the memory of the earth-leakage relay. 
c)The indication of the active DANGER status for the driver lasts for the set time 

period (time ERR and time ANL). When the DANGER status is still active, 
then the report is repeated for the set time period. The WARNING status 
message is continually reported as long as the failure exists. After the failure 
subsides, the message is ended after the time of the whole measuring cycle 
without a failure. Only one entry is written in the diagnostics of HIST. 

4) The vehicle drives, the trolley voltage is not present. 
The earth-leakage relay works according to point 1). 

The actual range of the measurement can be modified by the manufacturer that 
modifies the program for a specific vehicle or as required by the keeper. The limit 
values and other parameters can be adjusted manually from the keyboard in the 
programming mode or using a compatible version of the diagnostic program. 

 
Note 1: In case of a failure of the whole insulation status – channel 13, the red LED on 
the channel 13 does not have to light up. This status is indicated on the panel in the 
common signalling field and in the running communication to a superior system. 

8.4 Operation of the earth-leakage relay in a switched-over traction 
system without a strip 

The earth-leakage relay in a switched-over system without a strip operates 
depending on the settings of the centralised configuration register (see Recommended 
setting). The firmware version (HT-7.09 and higher) for the switched-over traction 
system differs from the standard version of the earth-leakage relay. For switching over 
between the grounded and insulated traction system, it uses input 2 (S10) of the 
connector S. If there is a voltage of 0V at the input, the earth-leakage relay switches 
over to the grounded system. If there is a voltage of S10 +24V at the input, the earth-
leakage relay switches over to the insulated traction system. Change in the logic level 
of input 2 (S10) always initiates restart of the earth-leakage relay (after completing 
the operation in the previously used system). It is set during the initialization 
depending on the logic level of input 2, either for the insulated system or the grounded 
system, and it continues measurement in the system from the beginning.  

In this case, external keyboard (PS2) and display DKD-1 are used to change the 
settings of program parameters. 
Note: When the traction system is switched over, the failure message of the earth-
leakage relay of the system being tested at that moment is terminated. The earth-
leakage relay, after it has been restarted, continues in detecting a failure status in the 
follow-on traction system. 
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Description of individual modes: 
1) Switched-over insulation system. 
 The earth-leakage relay makes cycling of individual enabled channels. It makes a 
measurement, using a resistance method, on the second insulation. It measures 
extraneous voltage and extraneous current on the first insulation. It does not take into 
consideration whether the trolleybus is running or standing.  
On channel 13, it measures voltage against the trolley and box centre. It also makes 
current measurement when the voltage is higher than the preset limit value (on 
channel 13).  

As regards failures, channel 13 is taken as any other except that the second 
insulation is set to a failure immediately if a problem occurs, and the first insulation is 
checked for the preset number of failure measurements. Failure status is thus reported 
after the preset number of measurements has been reached. After giving a failure 
alert, it continues in measuring other channels. The failure is cancelled after one full 
cycle without a failure. 

 
Note 1: For the insulated system, channel 13 has the limit values stored in the memory 
of channel 1 that is not used. 
 
Note 2:  Half value of the preset current value is only applicable to the overall 
insulation when the vehicle is standing. For the other channels, the preset limit values 
shall apply. 
2) Switched-over grounded system. 

If the trolleybus operates on this system, the voltage of the box against the ground 
is measured, using a grounded trolley wire. 

a. The vehicle is standing; the trolley voltage is not present. 
The earth-leakage relay measures enabled channels of the second insulation 
only, using a resistance method. It indicates the WARNING status when the low 
value (< 600 kΩ) of the same insulating layer occurs again in the repeat by 
setting the parameter F6. The message is over when the whole measurement 
cycle is completed without a failure. The WARNING status message is also 
reported continually as long as the failure exists. After the failure is over, the 
message is terminated after the period of time of the whole measuring cycle 
without a failure. It reports the failure to the driver only after the requirement is 
met for the number of passages until indication of the failure, which is set in the 
configuration. Only one entry is written in the HIST diagnostics. 

b. The vehicle is standing; the trolley voltage is present. 
The earth-leakage relay forwards stepwise to channel 13 and remains 

permanently in the position for measuring the overall insulation status. The 
DANGER status is reported immediately after the preset conditions have been 
exceeded (5times in succession an overrun U limit + once an overrun ½ I limit). The 
failure is cancelled after the vehicle starts moving and after the whole 
measurement cycle without a failure has been completed, or after turning off. 
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c. The vehicle is moving; the trolley voltage is not present. 
The earth-leakage relay makes measurement of enabled channels only on the 
second insulation according to paragraph a). 

 
d. The vehicle is moving; the trolley voltage is present. 

d) All channels are measured – the second insulation using a resistance 
method and the first insulation – extraneous voltage, extraneous current. 
Only the WARNING message is reported because DANGER is reported only 
after changing over to the measurement of the overall insulation status on 
channel 13. The earth-leakage relay reports DANGER only if a voltage value 
>50V is detected on channel 13 during the measurement, and if a double 
value of the current limit value is measured after 5 measurements. In the 
case of failure, the earth-leakage relay remains permanently in the position 
for measuring the overall insulation status. The failure is cancelled only after 
3 failure-free cycles. 

3) Mode without a trolley. 
When making measurements on the grounded system, it measures only the 

second insulation of the enabled channels, using a resistance method. 
The relay does take into consideration whether the vehicle is moving or standing. 
 
Note 1: On a switched-over grounded system, depending on the configuration, one 
relay is energised and the second one is de-energised (relay on inputs Q1, Q2). For 
that reason, OLV indicator is not lit in the presence of trolley voltage. 
 

8.5 Other conditions of the function 
If the black button "X" is not pressed before the power supply is turned on, the 

program starts in the measurement mode when the sequence of 23 input 
combinations is continuously repeated: 
   03 04 05 06 07 08 09 10 11 12 
      3   4   5 ITA ITB  8  9 10 11 12 against POINT 
 13 14 15 16 17 18 19 20 21 22 23 24 
(GROUND) 1  2  3   4   5 ITA ITB  8  9 10 11 12 against OLV 

The input GROUND is not measured to the POINT because there is an external 
short-circuit jumper on the connector contact R01 to the POINT (grounded traction 
system). It allows you to measure the POINT to OLV in the combination 13, i.e. double 
insulation of the whole trolleybus. 

In each of the input combinations, you can measure: 
 foreign peak voltage – coming in from an external source (usually from the trolley) 
 foreign current – leakage through a damaged or moist isolation 
 voltage and current from the 48 VDC power supply and calculation of insulation 
resistance 
 If the limits WARNING or DANGER are exceeded during any of the 
measurements, the corresponding pair of LEDs lights up on the front panel. When the 
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failure lasts for a set number of subsequent measuring cycles (parameter PC/ERR, 1–
5 cycles, default value of 3 cycles), an entry will be written in the limit error memory 
and the total signal for the driver will be enabled (according to conditions specified in 
8.1, 8.2). 

An exception is made by the combination using the input GROUND on the front 
panel, to which the box potential is connected. It allows you to measure the whole 
insulation resistance of the trolleybus in step 13, however only when the collectors 
are lowered (both grounded and insulated traction system). 

When the trolleybus is driving, only foreign voltage and then foreign leakage 
current is measured in the step 13, according to the setting of the additional register 
Status R. The step 01 is not measured at all (it is omitted) because it is short-
circuited.  

 
8.6 Configuration of the earth-leakage relay 
 

 The correct function of the earth-leakage relay is a necessary pre-requisite for the 
correct and reliable function of the earth-leakage relay under conditions of the traction 
operation. The figure of the Appendix No. 1 shows the currently applicable 
configuration for an insulated system without a strip and the figure of the Appendix No. 
2 shows the configuration for the insulated system with a strip. The user can correct 
the configuration of the earth-leakage relay and modify the earth-leakage relay using 
the diagnostic program. However, then the user takes the responsibility for the 
changed behaviour of the earth-leakage relay and its impact on the safety of 
operation. I recommend that you consult every change in the configuration with the 
manufacturer of the vehicle or of the earth-leakage relay as well, and make the change 
only after mutual approval. At the same time, I recommend archiving these changes 
and always recording them in the updated operating instructions. 
 

9 Measurement of insulation resistances using 1,000 VDC voltage 

External Megmet measurement: 
Using the Megmet in the instrument sockets of the front panel (you do not have 

to disconnect the earth-leakage relay (up to 1,000 VDC), you can manually measure 
insulation resistances of individual layers of the basic (1st) and additional (2nd) 
insulations of the trolleybus against the vehicle box or the primary system of 600 V 
(750 V), or the total insulation (e.g total insulation: the socket OLV against the socket 
POINT). Because each of the sockets is connected to the trolleybus circuits through a 
protective resistor of 200 kΩ for safety reasons (see the block diagram p. 7), you must 
subtract 400 kΩ from the measured value. 

 The measurement is usually taken before the vehicle leaves the depot or after it 
returns to the depot. The measurement can be taken only when the earth-leakage 
relay is off (!) and the collectors are lowered. The results are written in a report. 
Note: In the earth-leakage relay HIST-1EN.C-M1 are protective resistors of value 
200 kΩ, placed on leads Q01 a Q02, replaced by shorting interconnections. 
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Manual measurement using 1,000 V voltage from the internal power supply of 
HIST-1: 

When the earth-leakage relay is on (but the collectors are lowered and the line 
contactor is on) and works in the measuring mode, you can start the sequence of 
1,000 VDC voltage measurement of insulation resistances using the button from the 
front panel. The voltage is generated in the earth-leakage relay. 

After the (black “X”) button is pressed, the measurement of the additional and 
basic insulation using the voltage 1 000 V DC is started. You can watch results of the 
measurement on pairs of LEDs. The results are numerically saved in the memory 
block of the resistance measurement. DKD-1 can load them from there in its internal 
memory, they can be viewed there and then exported to a PC to print reports and for 
other evaluations. The recorded resistance values are correct because the values of 
the protective resistors are already subtracted. After the 1,000 V voltage measurement 
of resistances is completed, the earth-leakage relay changes over to the operating 
measuring mode. The programming mode can be used also to measure resistances of 
individual insulation layers using the DKD-1 display and keyboard (see chapter 6). 6). 

 
Automatic measurement of insulation resistances using 1,000 VDC voltage: 

 If required by the keeper, the measurement of insulation resistances using the 
1,000 VDC internal power supply can be also started remotely. You can start the 
measurement from the control system of the trolleybus by connecting the +24 V 
voltage to the input S10 of the earth-leakage relay. After the 1,000 VDC voltage 
measurement of resistances (if there is no 24 V voltage on the input S10 24 V from the 
control system of the trolleybus), the earth-leakage relay changes over automatically 
to the operating measuring mode. However, for this measurement, the manufacturer 
must modify the earth-leakage relay by disabling the function of the red button ("Y") 
placed on the front panel (by short-circuiting). 
 When the earth-leakage relay is connected to the CAN bus, the 1,000 V test can 
be controlled using the communication command. The pre-condition of the disabled 
button “Y” must be also satisfied. Earth-leakage relay transmits a message about the 
1,000 V tests to the CAN bus during the measuring cycle. When the measuring cycle 
is finished a message is sent and if there are not any other requirements, interruption 
of the measuring cycle continues. For HT-5.47 later versions applies that the 1,000 V 
test can be interrupted and put into the operating measurement at any time when 
controlled through the CAN bus. The HT-5.47 and its older versions have to finish the 
1,000 V test. If the test is interrupted, the configuration of earth-leakage relay needs to 
be restored. 
                                 10 Internal diagnostics of HIST-1 

 
Description of the hardware and software watchdog HIST. 

 
1. HW watchdog 

The hardware watchdog is a functionally independent unit on the processor. It is 
directly connected to the input RESET of the processor. Its task is to 
independently watch the program run. Its function is set to the maximum period 
of 600 (1200 ms). When the processor does not transmit a refreshing signal, the 
hardware watchdog calls the processor reset to prevent the communication to 
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the superior system. This process is repeated cyclically and HIST does not 
communicate during the reset time. The hardware reset unit works also as a 
supply voltage watchdog. When this voltage drops under the set limit, it results 
in the permanent reset of HIST and the communication to the superior system 
through the CAN bus is disabled. 
 
 

2. SW watchdog 
The HIST processor has an implemented internal software watchdog. After the 
supply voltage is turned on, this internal watchdog is initialized during the 
initialization of HIST. This is a decrementing counter that is fixed set at the 
value giving the time 5 msec. During operation of the processor, its regular 
decrement occurs, independent on the program run (derived from time circuits 
of the processor). When the counter value reaches the comparison value, the 
program run is reset. When during operation of the program, an entry in the 
watchdog occurs, the watchdog counter is set to the starting value and the 
whole cycle is repeated.  
During the reset, HIST does not transmit any data through the CAN bus. After 
the reset is completed, the peripheries are initialized and HIST sets the 
initialization flag on the CAN bus. Then the output test (WARNING, DANGER, 
LED indication) follows. After this test is completed, HIST stops transmitting the 
initialization to CAN and changes over to the operating mode. 
 
 
Description of the function “INTERNAL ERROR of HIST” – Byte1, bit6 
(J1939_H2S_1) 
 
For the correct function of the measurement, the earth-leakage relay generates 
its own measuring voltage of 48 VDC.  This voltage is used for the 
measurement and calculation of impedances in the individual measured 
channels of the first and second insulations.  This voltage is always tested after 
the supply voltage is turned on (the vehicle supply +24 V is turned on, or HIST 
is reset) during its initialization. According to the result of the test, the earth-
leakage relay sets the above bit to 0 – failure-free status, or 1 – HIST reports an 
internal error (HIST remains in the frozen status – the measurement is not 
running and HIST measures the supply voltage of 48 V DC. All white and red 
LEDs light up, except LEDs B, C and D). When this measuring voltage fails 
during normal operation, all measured channels will report the WARNING status 
or also DANGER status during the impedance measurement. 
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11 Conditions to hand over the earth-leakage relay for repair 

The earth-leakage relay is delivered as a compact unit that has no easily 
replaceable parts. Therefore the spare parts are not offered. – The repairs are carried 
out only by the manufacturer. The delivered accessories include three counter parts of 
external connectors. If specially required, the following can be delivered: 

 Service set including 
➢ Test fixture 
➢ Display and data collector, type DKD-1 
➢ Serial channel cable RS-232  
➢ Supply main 12 VDC / 0.5 A  
➢ PC keyboard PS/2  
➢ Operating instructions DKD-1 

When a defect is detected, a report must be written, in which you must specify: 
trolleybus where the earth-leakage relay was installed, type or symptom of the defect 
or failure, whether it appears accidentally or systematically, repeatedly, number of 
operating hours or another data about the operating time. The product must be 
correctly packed up in a package box and transport package. If a complaint is lodged 
within the specified business guarantee, the letter of guarantee must be enclosed to 
the claimed product.  

The business guarantee applies to defects of the products due to production that 
result in its failure under operating conditions given in the specifications for HIST-1. 

The business guarantee does not apply to defects and failures caused by 
unprofessional or forcible handling and non-observance of operating or storage 
conditions that are given in the corresponding specifications. 

The business guarantee does not apply to deterioration of properties or damage 
of the product that were caused by the user or someone else or that were caused by 
an unavoidable event.  
 
Note 1: The current version of the diagnostic program DiagHist-1 can be found here: 
https://www.mesitasd.cz/dokumenty-pro-hist-1. The access rights are granted by the 
sales department of MESIT asd, s. r. o. 

 
12 Maintenance, functional test, lifetime of the earth-leakage relay and of 

the battery 
Maintenance of the earth-leakage relay – the earth-leakage relay does not 

require maintenance during its lifetime if the regulations of technical conditions NH 
9090-0 third edition, are observed.  

 Function control: is carried out using 3027-800-01 Pkon1 testing equipment, 
which can be ordered from the manufacturer. The period for the function control is 2 
years unless a repair was performed on the unit.   
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Functional test of the earth-leakage relay is performed using a testing 
system 3027-800-01 Pkon1, which can be ordered from the manufacturer. Part of the 
Pkon1 testing system is the functional test guide “TEST OF THE EARTH-LEAKAGE 
RELAY OF THE TROLLEYBUS USING 3027-800-01 PKON1“, which is available at 
https://www.mesitasd.cz/dokumenty-pro-hist-1.  

 
 
Earth-leakage relay lifetime is 15 years from the day of manufacture.  It is 

possible to prolong the lifetime of the device for 5 years after assessing the technical 
condition of the device by the manufacturer. 

Calibration of the current transmitter is done in the following cases:  
-       in operation during the first run 
-       after repair  
-       when replacing the firmware and configuration 
-       before function control and after battery replacement 

  
Expected lifetime of battery is 15 years if the earth-leakage relay is in 

operation. If the device has not been used for more than 5 years a check of the 
backup battery needs to be done. 

 
Note: The control function, calibration and replacing the backup battery can be 

charged only factory trained person or authorized personnel from MESIT. 
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Appendix No. 1 Recommended configuration for an insulated system without a strip 
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Appendix No. 2 Recommended configuration for an insulated system with a strip 
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Appendix No. 3 Recommended configuration for a grounded system  
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Appendix No. 4 Example of configuration for an insulated mixed system with a strip  
 
 
 
 
 
 

 
 
 Note to Appendices 1 to 4:  
On vehicles, there may occur parasitic capacitances and there are capacitors installed, 
which manifest themselves on some layers (channels) of the insulation. In case of 
standard measurements of these channels, the earth-leakage relay reports an error 
(capacitance loading/unloading), and therefore, the capacitance compensation 
function was implemented for all channels. These channels are activated by “checked” 
box at the desired channel in the column KC – capacitance compensation. At the 
same time, it is necessary to set a common value for the capacitance compensation 
time. Typical value is 10 and it is common for the activated channels and for channel 
13. In fact, it means the time of measurement is extended (by the number of 
repetitions of the measurement) on the channel where the measured value 
corresponds to the insulation fault, allowing thus balancing of the electrical conditions 
on the monitored channel. 
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Appendix  5 Log of changes 
 

LOG OF CHANGES 
 

Change Date Made Note 
No. of validity on page in article date signature  

1 13. 11. 2013 Page 6. 3 13. 11. 2013 Mlejnský Modification of the block 
diagram HIST-1. 

2 20. 11. 2013 Page 23, 
24. 8.3 20. 11. 2013 Mlejnský 

Description of the behaviour of 
HIST in a grounded system 
added. 

3 24. 1. 2014 Page 20, 
22. 

Purpose of the 
manual, chapters 
8, 8.1.3, 8.2.3a 
8.2.3b, 8.3.3 

24. 1. 2014 Mlejnský 

Purpose of the manual, note to 
the used designation, way of 
ending the failure DANGER, 
measurement of the channel 
13.  

4 18. 2. 2014 Page 17, 
23, 24, 34 

Meaning of bit 6 
of the additional 
register R, 
chapter 8.2.2, 
8.2.3, Appendix 
No. 5. 

18. 2. 2014 Mlejnský 

Changed meaning of bit 6 of 
the additional register R – 
control of function of the 
analogue channel during the 
drive (for FW HT-5-46 and 
higher). 

5 25. 3. 2014 Page 22, 
24, 26. 

A “note” added in 
chapters 8.1, 8.2, 
8.3. 

25. 3. 2014 Mlejnský 
Added explanation of the red 
LED indication on the channel 
13 during the total insulation 
failure. 

6 25. 5. 2015 Page 28 

"Automatic 
measurement of 
the insulation 
resistance" 

25. 5. 2015 Mlejnský 

Added explanation of the guard 
interrupted when an internal 
test 1000V in auto insulation 
resistance measurement. 

7 25. 6. 2015 Page 33, 35 

Appendix No. 1, 
Appendix No. 2, 
Appendix No. 3, 
Appendix No. 4 

25. 6. 2015 Mlejnský 

Update of annexes is based on 
currently used configurations 

8 15. 7. 2015 Page 8, 28 

Block sch.  HIST-1, 
Measurement of 
insulation resistances 
using 1,000 VDC 
voltage 

15. 7. 2015 Mlejnský 

Update for the HIST-1EN.C-M1 
type 

9 18. 8. 2015 Page 32 Added 
chapter 12. 18. 8. 2015 Mlejnsky At the request of the Hungarian 

approver TUV. 

10 12. 1. 2016 Page 37 Added Appendix 
6. 12. 1. 2016 Sukup Description of versions for the 

Logo modifications. 

11 14. 1. 2016 Page 37 Appendix 6 14. 1. 2016 Sukup 
New version HIST-1EN.C-M1Z, 
modified description of the 
version HIST-1EN.C-M1. 

12 22. 1. 2016 Page 35 Appendix  4 22. 1. 2016 Mlejnský 
Explanation to the function of 
capacitance compensation 
added. 

13 26. 4. 2016 Page 7 Chapter 3 26. 4. 2016 Mlejnský Modified block diagram HIST-1, 
input Q01. 

14 24. 2. 2017 Page 3 
Page 4 

Chapter 1 
a/Door 
transparency 
b/Number of 
seals 
c/Connection  of 
connector S 

24. 2. 2017 Mlejnský 

a/ Door painted in black colour   
b/ One seal from manufacturer 
c/ Note added on alternative 
function of input S10 on 
connector S 

15 12. 5. 2017 Page 26 Added Chapter 
8.4 12. 5. 2017 Mlejnský 

Operation of the earth-
leakage relay in a switched-
over system without a strip. 

16 13. 6. 2017 Page 27 

Chapter 8.4, 
termination of 
fault on a 
grounded system  

13. 6. 2017 Mlejnský 
Details on the termination of 
fault in the grounded system 
when vehicle is in standstill 
under trolley voltage. 

17 26. 6. 2017 Page 30 Chapter 9 26. 6. 2017 Mlejnský “Evaluation of the test 1000 
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VDC“ added. 

18 11. 09. 2017 
Page 26 
Page 4 

Page 28 

Chapter 8.4 
Chapter 1 
Note 1 

11. 09. 2017 Mlejnský 

- Details on the function of the 
earth-leakage relay in a 
switched-over traction system 
without a strip for version FW 
HT-7.09 and higher. 
- System switchover is valid for 
all versions FW HT-7.xx for 
Pilsen. 
- Note added. 

19 19. 09. 2017 Page 14 Chapter 6 19. 9. 2017 Mlejnský 
Information added on 
conditions for the use of 
diagnostic program DiagHIST-
1. 

20 22. 09. 2017 Page 15 Chapter 7 22. 09. 2017 Mlejnský 
Information added on the 
program configuration via 
keyboard and display DKD-1. 

21 18. 09. 2017 Page 29 
Page 32 

Chapter 9 
Chapter 11 18. 09. 2017 Mlejnský 

- Details on manual start of the 
test 1000V: „After pressing both 
buttons (black "X", red "Y")…“ 
- Details on access to the 
diagnostic program DiagHIST-
1. 
- Reference to testing 
instructions. 

22 18. 09. 2017 Page 37 
Page 37 

Appendix 4 
Note to 
Appendices 1 to 
4 

18. 9. 2017 Mlejnský 

- Changed name of the 
appendix: “Example of 
configuration for a mixed 
system with a strip“ 
- Details on the function of 
capacitance compensation 
described in the note to 
Appendices 1 to 4. 

23 18. 12. 2017 
Page 1 
Page 4 

Page 18 

Cover sheet. 
Chapter 1. 
Chapter 7. 

18. 12. 2017 Mlejnský 

Corrected version of the 
manual. 
General information added on 
the functions of connector „T“. 
Name of the variable PCZ/ERR 
added. 

 
 
 
Appendix 6: Description of versions HIST-1EN.C 
 

Version Description 
HIST-1EN.C Basic version. 

HIST-1EN.C-Z TROLLEY wire connected to channel 2. (Zlín). 
HIST-1EN.C-G Painted DPS (Mexico). 

HIST-1EN.C-M1  Higher electrical strength according to NH 9090-01, edition 3 
dated 14. 4. 2015 and omitted resistors 200 k on terminals 
Q1, Q2 (Hungary). 

HIST-1EN.C-M1Z  Higher electrical strength according to NH 9090-01, edition 3 
dated 14. 4. 2015 and omitted resistors 200 k on terminals 
Q1, Q2 and trolley wire connected to channel 2 (Zlín). 
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