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CAUTION 

Installing, commissioning and operating of this product may be performed only by thorough 
trained and 

 
specialized personnel (*). 

 
We explicitly will not take any responsibility for any damage on our products caused by improper 
installation, configuration and handling. Internal modifications must solely be carried out by 
specialised personnel authorised by 
 

ANDRITZ HYDRO GmbH 
 
During commissioning the operating instructions and also the applicable Local Safety Standards 
have strictly to be observed. 
 
 
(*) Definition: specialised personnel are persons who 
 

¶ are familiar with installing, mounting, commissioning and operating of the device and the 
system in which the device is to be installed; 

¶ are instructed in maintenance and use of safety equipment according to standard rules and 
regulations of safety technology; 

¶ passed an extensive First Aid training. 
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1. General 

1.1. Contents of This Document 

 
The document contains the description of the characteristic features and parameter settings of all the available 
protective functions of the ñDigital Relay System" from now on referred to as DRS. The feasible operating 
characteristics, setting ranges, input matrices, connections- and logic diagrams as well as the necessary 
completing information is outlined for each protective function. For User information during relay configuration an 
extensive Help Feature is included into the DRS operating system. 
 
 

1.2. General Terms Definition 

 
In the function descriptions following general denominations are used: 
 
 Function Denomination: 
 
  Specifies the application possibilities of the protective function. 
 
 Function Name: 
 

Denomination of the protective function which is also shown in the device configuration window 
display.  

 
 Function Abbreviation: 
 

Designation of the protective function as shortened text displayed on the hand terminal. 
 
 Function Type: 
 
  Name of the protective function as Model Type for exact Version Definition. 
 
 Analogue Inputs: 
 
  The analogue input signals (current, voltage) into the protective function. 
 
 Digital Inputs: 
 
  Digital input signals into the protective function. 
 
 Slow Analogue Inputs: 
 

Analogue signal input (DC-input) for special applications, i.e. temperature, DC current, DC voltage, 
etc. 

 
 Test Input: 
   

Digital input enabling operation of the respective protective function, respectively function Stage. 
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 Blocking Input: 
 

Digital input enabling blocking of the respective protective function, respectively function Stage. 
 
 
 Outputs: 
 
  Initiation: Initiating signal of the protective function or stage 
 
  Trip:  Trip signal of the protective function or stage 
 
  All outputs can be configured to set the LED indications. 
 
 Setting Parameters: 
 

All relevant protection setting values for correct operation are displayed for the various functions. 
 
 Reset Ratio: 
 
  Ratio between the reset- and operating value. 
 
 Operating Time: 
 

Time delay between the fault initiation and the trip output of the protective function, i.e. start of the 
initiating signal for time delayed functions or the trip signal for instantaneous functions.  

 
 Time Delay: 
 
  Time lag between the initiation- and the trip signal for time delayed functions. 
 
 Internal Measured Values: 
 

Derived from the external CT/VT signals the function internal measured values relevant for the 
operation of a protective function. 

 
Function characteristic, i.e. specific digital outputs, digital inputs, etc. which are generally not displayed for all 
functions are outlined and described in the respective detailed description. 
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1.3. Measuring Method 

 
All protective DRS functions which are applying the power system frequency signals to evaluate the parameters 
are using the Fourier-Transformation. 
 
Thereby the CT/VT signals after potential isolation and filtering are sampled 12 times each cycle and subsequently 
processed according to the formulas of the mentioned algorithm as per Fig. 1-1. The results of the computations 
are then at disposal for further processing of the signal vector value, i.e. amplitude and phase angle, for the basic 
harmonic. 
 
 

 

t 

s(t +   t) 

s(t) 

T 

s(t) 

Sampling frequency  f  = 600Hz t 

 t = 1,6ms 

Signal frequency = 50Hz 

T 

T = 20ms 

t = 
12 

 
Fig. 1-1 

 
 
Due to physical- and measuring principle reasons the above outlined method is not applicable for all functions. For 
power measuring functions, i.e. overload, power direction, etc. a more complex digital signal computation is applied 
which is described in detail in the specific chapters. 
 
 

1.4. General Influencing Quantities and Tolerances: 

 
Power supply voltage: Range 80 - 120 % VN:  < 0,5% 

 Temperature: Range -5 - +45°C:   ¢ 0,5%/10K 

 Frequency: Range 10 Hz - fmax:   ¢ 1% 

  

 Typical time delay accuracy:     ¢ 10 ms 
 
Further information to the measuring accuracy is outlined in the specific function descriptions. 
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2. MB...   LOGIC FUNCTIONS 

 
 

2.1. OVERVIEW 

 
List of the available MB . . .    LOGIC FUNCTIONS  
 
 
Abbreviations:  C2  ... DRS-COMPACT2 
   M  ... DRS-MODULAR 
   L ... DRS-LIGHT 
   FNNR ... Function Number (VE-internal number of the protective function) 
   TYPE ... Function Type (short denomination of the protective function) 
   ANSI ... ANSI Device Number (international protective function number) 
 
 
    
    
 

PROTECTIVE FUNCTIONS:   MB . . .  FNNR TYPE ANSI Application 

Signal function 1:  1 Signal function, time delay range:  

0 - 180 sec. 

1099 MB111 94 C2,M,L 

Signal function 4:  4 Signal functions, time delay range:  

0 - 2 sec. 

1096 MB141 94 C2,M,L 

Signal function 4:  4 Signal functions, time delay range:  

0 - 180 sec. 

1098 MB142 94 C2,M,L  

Trip circuit supervision 1078 MB211 94 C2         

Out of step counter 1036 MB311 94 C2,M,L 

Logic function 2 1094 MB442 94 C2,M 

Logic function 2 2028 MB442 94 L 
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2.2. TECHNICAL DATA 

 

2.2.1. Signal Functions 

 
 

PROTECTIVE FUNCTION:   MB111 FNNR TYPE ANSI Application 

Signal function 1:  1 signal function, time delay range:  

0 - 180 sec. 

1099 MB111 94 C2,M,L 

 
Input signal processing of an external digital input for annunciation-, alarm- and trip with an  
adjustable time delay. 
 
 
MB111 
Technical Data 
 
 

Inputs  

Binary: Binary input (digital signal) 

 Blocking input 

 
 

Outputs  

Binary: Initiation 

 Trip 

 
 

Parameter Settings   

Time delay range: 0 ... 180 s in steps of 0,05 s  

Active slope: rising/falling 

 
 

Response Time  

Operating time: ² 7 ms (50 Hz), respectively 6 ms /60 Hz), 
respectively 20 ms (16 2/3 Hz)           
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PROTECTIVE FUNCTION:   MB141 FNNR TYPE ANSI Application 

Signal function 4:  4 signal functions, time delay range:  

0 - 2 sec. 

1096 MB141 94 C2,M,L 

 
Input signal processing of 4 external digital inputs for annunciation-, alarm- and trip with an  
independent adjustable time delay for each stage. 
 
 
MB141 
Technical Data 
 
 

Inputs  

Binary: Binary input (digital signal) stage 1 

 Binary input (digital signal) stage 2 

 Binary input (digital signal) stage 3 

 Binary input (digital signal) stage 4 

 Blocking input stage 1 

 Blocking input stage 2 

 Blocking input stage 3 

 Blocking input stage 4 

 
 

Outputs  

Binary: Initiation stage 1 

 Trip stage 1 

 Initiation stage 2 

 Trip stage 2 

 Initiation stage 3 

 Trip stage 3 

 Initiation stage 4 

 Trip stage 4 

 
 

Parameter Settings   

Time delay range stage 1: 0 ... 2 s in 0,01 s  steps 

Active slope stage 1: rising/falling 

Time delay range stage 2: 0 ... 2 s in 0,01 s  steps 

Active slope stage 2: rising/falling 

Time delay range stage 3: 0 ... 2 s in 0,01 s  steps 

Active slope stage 3: rising/falling 

Time delay range stage 4: 0 ... 2 s in 0,01 s  steps 

Active slope stage 4: rising/falling 

 
 

Response Time  

Operating time: ² 7 ms (50 Hz), respectively 6 ms /60 Hz), 
respectively 20 ms (16 2/3 Hz)           
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PROTECTIVE FUNCTION:   MB142 FNNR TYPE ANSI Application 

Signal function 4:  4 signal functions, time delay range:  

0 - 180 sec. 

1098 MB142 94 C2,M,L  

 
Input signal processing of 4 external digital inputs for annunciation-, alarm- and trip with an  
independent adjustable time delay for each stage. 
 
 
MB142 
Technical Data 
 
 

Inputs  

Binary: Binary input (digital signal) stage 1 

 Binary input (digital signal) stage 2 

 Binary input (digital signal) stage 3 

 Binary input (digital signal) stage 4 

 Blocking input stage 1 

 Blocking input stage 2 

 Blocking input stage 3 

 Blocking input stage 4 

 
 

Outputs  

Binary: Initiation stage 1 

 Trip stage 1 

 Initiation stage 2 

 Trip stage 2 

 Initiation stage 3 

 Trip stage 3 

 Initiation stage 4 

 Trip stage 4 

 
 

Parameter Settings   

Time delay range stage 1: 0 ... 180 s in 0,05 s  steps 

Active slope stage 1: rising/falling 

Time delay range stage 2: 0 ... 180 s in 0,05 s  steps 

Active slope stage 2: rising/falling 

Time delay range stage 3: 0 ... 180 s in 0,05 s  steps 

Active slope stage 3: rising/falling 

Time delay range stage 4: 0 ... 180 s in 0,05 s  steps 

Active slope stage 4: rising/falling 

 
 

Response Time  

Operating time: ² 7 ms (50 Hz), respectively 6 ms /60 Hz), 
respectively 20 ms (16 2/3 Hz)           
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2.2.2. Trip Circuit Supervision 

 
 

PROTECTIVE FUNCTION:   MB211 FNNR TYPE ANSI Application 

CB trip circuit supervision 1078 MB211 94 C2         

 
Trip circuit supervision of the CB TRIP circuit and the CB auxiliary circuit (2 digital inputs) with a setting selection 
for the internal logic evaluation. 
 
 
MB211 
Technical Data 
 
 

Inputs  

Binary: TRIP circuit (trip circuit supervision) 

 Auxiliary circuit (trip circuit supervision) 

 Blocking input   

 
 

Outputs  

Binary: Trip circuit faulty 

 
 

Parameter Settings   

Time delay range: 0 ... 30 s in steps of 0,05 s  

TRIP circuit healthy (normal operation): 0/1 

Auxiliary circuit healthy (normal operation): 0/1 

Logic connection (result=1 ... Ÿalarm): EXOR/ NOT EXOR/ OR/ NOR/ AND/ NAND 

 
 

Response Time  

Minimum operating time: ² 7 ms (50 Hz), respectively 6 ms /60 Hz), 
respectively 20 ms (16 2/3 Hz)           
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2.2.3. Out of Step Counter 

 
 

PROTECTIVE FUNCTION:   MB311 FNNR TYPE ANSI Application 

Pole slipping evaluation 1036 MB311 94 C2,M,L 

 
Out of step conditions are recognised by the number of pole slips within a set measuring time period. 
Note: The pole slip pulses are provided by another protective function, e.g. field failure protection. 
 
 
MB311 
Technical Data 
 
 

Inputs  

Binary: Auxiliary input system 1 

 Auxiliary input system 2 

 Auxiliary input system 3 

 Blocking input 

 Test input 

 
 

Outputs  

Binary: Trip 

 
 

Parameter Settings   

Pole slipping number: 1 ... 25 

Measuring time: 0 ... 180 s in 5 s  steps 

 
 

Window Display for Internal Relay Computation 
Values 

 

Pole slip pulses: Number of pole slips within the configured actual 
measuring time frame 

 
 

Response Time  

Minimum operating time: ² 7 ms (50 Hz), respectively 6 ms /60 Hz), 
respectively 20 ms (16 2/3 Hz)           
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2.2.4. Logic Function 2 

 
 

PROTECTIVE FUNCTION:   MB442 FNNR TYPE ANSI Application 

Logic function 2 1094 MB442 94 C2,M 

Logik function 2 2028 MB442 94 L 

 
Logic connections of digital signals with inverted output and with configurable time delay. 
 
 
MB442 
Technical Data 
 
 

Inputs  

Binary: Selection of: 
IN01 ... IN32 
inv. IN01 ... inv. IN32 
OUT01 ... OUT32 
inv. OUT01 ... inv. OUT32 

 
 

Outputs  

Binary: Logic function 

 
 

Parameter Settings   

Adjustable time delay: 0 ... 999 s in 0,01 s  steps 

Logic output: normal/ inverted 

 
 

Response Time  

minimum operating time: ² 7 ms (50 Hz), respectively 6 ms /60 Hz), 
respectively 20 ms (16 2/3 Hz)           
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2.3. CONNECTION DIAGRAMS 

2.3.1. MB111 /MB141/ MB142 

 

Fig. 1  MB111 MB141 MB142 Signal Function Wiring Diagram 
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2.3.2. MB211 

 

Fig. 2  MB211 Trip Circuit Supervision Wiring Diagram 
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Fig. 3  MB211 Trip Circuit Supervision Wiring Diagram 
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2.3.3. MB442 

 

Fig. 4  MB442 Logic Function 2 Wiring Diagram 
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2.4. LOGIC DIAGRAMS 

 

2.4.1. MB111/ MB141/ MB142 

 

 

Fig. 5  MB111 MB141 MB142 Signal Function Logic Diagram 
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Fig. 6  MB111 MB141 MB142 Signal Function Logic Diagram / Processing 
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Fig. 7  MB111 MB141 MB142 Signal Function Logic Diagram Processing / Legend 
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 MB142  SIGNAL FUNCTION 4  LOGIC DIAGRAM PROCESSING / LEGEND
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2.4.2. MB211 

 

Fig. 8  MB211 Trip Circuit Supervision Logic Diagram Desisgn Version: 1 
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Fig. 9  MB211 Trip Circuit Supervision Logic Diagram Design Version: 2 
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Fig. 10  MB211 Trip Circuit Supervision Logic Diagram / Processing  Design Version: 1 
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Fig. 11  MB211 Trip Circuit Supervision Logic Diagram / Processing   Design Version: 2 
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Fig. 12  MB211 Trip Circuit Supervision Logic Diagram Processing / Legend 
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Fig. 13  MB211 Trip Cicuit Supervision Design Example / Not Using Aux. Ciruit   Design Version : 2 
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PROTECTION 

SYSTEM TRIP 

CONTACT

CB INTERNAL  

CONTACT 

CIRCIUT 

BREAKER 
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R

EXAMPLE: TRIP CIRCUIT SUPERVISION DESIGN VERSION 2    

                   EXAMPLE WITHOUT AUX. CIRCUIT 

SIMPLIFIED DESIGN:

USE AUX. RESISTOR INSTEAD 

OF AUX. CIRCUIT IN ORDER 

TO CLOSE THE TRIP CIRCUIT 

SUPERVISION-SCHEME.

NOTE: DESIGN OF RESISTOR:

a) MUST NOT AFFECT THE OFF-COIL  Ÿ  (R    )

b) SHOULD PROVIDE ENOUGH CURRENT TO THE SUPERVISION CIRCUIT (R      ) 

    Ÿ    CURRENT SHOULD BE APPROX. 3 mA DC (MIN.).

c) DRS-Digital Input Voltage Range: 70% ± 5% é 120%.

d) BATTERIE VOLTAGE RANGE: Vnom ± 15% (ALLOWED).

DESIGN EXAMPLE: SEE PAGE 2/2 !

 MB211 TRIP CIRCUIT SUPERVISION  DESIGN EXAMPLE / NOT USING AUX. CIRCUIT

 DESIGN VERSION: 2  page 1/2
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Fig. 14  MB211 Trip Circuit Supervision Design Example / Not Using Aux Circuit   Design Version: 2 

 

+ (BATT.) 

VR

- (BATT.) 

VBATT = 220VDC ± 15% 

            (187V... 253V)

EXAMPLE (given for VBATT nom = 220VDC):

PRECONDITION:  INPUT VOLTAGE JUMPER IS SET TO: 220VDC

VBATT = VINPUT + VR + VCOIL = 187V (= min. allowed battery volt.)

VINPUT min = (220V - 25%) = 165 VDC  Ą  (min. allowed input volt.)

(VR + VCOIL) max = 187V - 165V = 22V

I  = 3mADC = const. (controlled by DRS Digital Input/ control range = Vnom +20% -25% at input terminals)

(VR + VCOIL) / 3mA = RR + RCOIL

to be calculated            given

Assume: VCOIL = 0  Ą  RR = 22V / 3mA Ą  RR = 7333W

Max. heat dissipation of RR in case the TRIP-contact is closed: 

VBATT = VBATT max = 264V.   Ą  PR = V² / R = 264² / 7333W = 9,5W.

    Input current is controlled by DRS Digital Input.

Input voltage range: Vnom (of dig. input) +20% -25%.

 

    In case the relay does not drop off because of the 3mADC-test-current a loading resistor should 

be added in parallel to the coil in order to lessen the voltage drop at the coil.

R

DRS PROTECTION 

DIGITAL INPUT/ 

Vnom = 220VDC

RANGE: 

220V +20% -25% 

(165V...264V).

VCOIL

VINPUT

 MB211 TRIP CIRCUIT SUPERVISION  DESIGN EXAMPLE/ NOT USING AUX. CIRCUIT

 DESIGN VERSION: 2  page 2/2

DESIGN EXAMPLE:

I  = 3mADC max. 

1

2

1

2
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Fig. 15  MB211 Trip Circuit Supervision Operating Conditions   Design Version: 1   Example 
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DESIGN-VERSION 1:  

EXAMPLE: NORMAL OPERATING SEQUENCE (TRIP CIRCUIT HEALTHY)

Note: Design-Version 1 requires EXTENDED RANGE INPUTS (RANGE: 18...300VDC)

1

1
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Fig. 16  MB211 Trip Circuit Supervision Operating Conditions   Design Version: 1   Example 
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MB211 TRIP CIRCUIT SUPERVISION  OPERATING CONDITIONS/ 

DESIGN-VERSION: 1 EXAMPLE page  2/3

Note: Design-Version 1 requires EXTENDED RANGE INPUTS (RANGE: 18...300VDC)
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Fig. 17  MB211 Trip Circuit Supervision Design-Version: 1A, 1B / Dig Input-Volt. Jumpers   Design Version: 1A, 1B 

 

DESIGN-VERSION 1:  

EXAMPLE: HOW TO CHOOSE THE INPUT VOLTAGE  FOR DESIGN VERSION 1 

INPUTS (see Fig. 2-2)

MB211 TRIP CIRCUIT SUPERVISION  DESIGN-VERSION: 1A, 1B / 

DIG INPUT-VOLT. JUMPERSpage  3/3

THE DRS-COMPACT2A HAS 4 NOM. INPUT VOLTAGE RANGES WICH CAN BE CHOOSEN BY JUMPERS FOR 

EVERY INPUT SEPARATLY

FOR DESIGN VERSION 1 THE JUMPERS FOR THE TWO REFERING INPUTS SHOULD BE SET TO:

BATT. VOLTAGE SET JUMPER TO:

220 VDC 110 VDC (77V...300 VDC)

110 VDC 60 VDC (42V...300 VDC)

  60 VDC 24 VDC (17V...300 VDC)

  48 VDC 24 VDC (17V...300 VDC)

VAR. 1A:

VAR. 1B:

BATT. VOLTAGE SET JUMPER TO:

220 VDC 220 VDC

110 VDC 110 VDC

  60 VDC 60 VDC

  48 VDC 48 VDC

  24 VDC 24 VDC
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2.4.3. MB442 

 

Fig. 18  MB442 Logic Function 2 Logic Diagram 
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Fig. 19  MB442 Logic Function 2 Logic Diagram Processing 
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Fig. 20  MB442 Logic Function 2 Logic Diagram / Processing Detail 

 

DETAIL:

AND-GATE

&

IN1

MB442  LOGIC FUNCTION 2  LOGIC DIAGRAM / PROCESSING DETAIL

IN2

IN32

OUT32

OUT32

IN8
IN9

available 

HARDWARE 

INPUTS

(or SOFT-INPUTS) 1

SOFT-INPUTS 

only

1

OUT1...32

may be used as 

inputs for LOGIC 

FUNCTION 2

LEGEND:

     SOFT-INPUTS can be generated by  

     using the FEEDBACK-FEATURE of 

     LOGIC FUNCITON 2!

1

DETAIL

&

&

&

&

Ó1

OVERVIEW



 

MB...   LOGIC FUNCTIONS 

 

 

54 / 744  DID-001-1.06 DRS Library of Protective Functions 

 

Fig. 21  MB442 Logic Function 2 Logic Diagram Processing / Legend 
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Fig. 22  MB442 Logic Function 2 Logic Diagram Processing / Legend 
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Fig. 23  MB442 Logic Function 2 Example 1 

 

LOGIC: FUNCTION OUPUT =

(IN1 & invOUT22).OR.(IN2 & invOUT22).OR.(not used).OR.(not used)

Note 1: The FUNCTION OUTPUT-signal is feed back to IN10. The FUNCTION OUTPUT is not inverted (Ănormalñ)

  MB442  LOGIC FUNCTION 2  EXAMPLE 1
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Fig. 24  NB442 Logic Function 2 Example 2 

 
  

LOGIC: FUNCTION OUPUT =

(IN3 & IN4).OR.(invIN3 & invIN4).OR.(not used).OR.(not used)

Note 1: The FUNCTION OUTPUT-signal is feed back to IN24. The FUNCTION OUTPUT is not inverted (Ănormalñ)

Note 2: These Settings are used for supervision of the aux. contacts of a CB (DBI...Donôt Believe It)

Note 2: IN3 = CB open - contact

Note 2: IN4 = CB closed - contact

Note 2: In case of both contacts are Ă1ñ or boths contacts are Ă0ñ Ą DBI...donôt believe the contacts!

  MB442  LOGIC FUNCTION 2  EXAMPLE 2
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2.5. FUNCTION 

 

2.5.1. MB111/ MB141/ MB142 

 
Signal functions are provided to evaluate binary signals from the protected plant for alarm and/or trip conditions in 
the DRS, as for example the initiation of an internal transformer fault, e.g. Buchholz, oil- or winding over 
temperature, pressure relieve valve, cooler failure, etc. 
 
The binary input signal is supervised according to the selected active signal slope (positive slope = transition from 
logic 0 to logic 1, inverted slope = transition from logic 1 to logic 0) during each sample   and after a contact bounce 
delay of 4 samples the output initiation is started. When the initiating condition is maintained during the whole set 
time delay a corresponding trip signal will be produced. 
 
Signal function 1 and signal function 4 differ only in the number of input signals to be processed. Signal function 4 
is especially used when several signals from a specific plant part are to be evaluated, e.g. transformer mechanical 
protection which may be combined into a protective group.  
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2.5.2. MB211 

 

 
The digital trip circuit supervision function MB211 has a similar operating characteristic as the analogue 
hardware solution. 
 
The function is provided with two digital inputs: 
- Trip circuit healthy 
- Auxiliary circuit healthy 
 
The digital ñTrip Circuit Healthyò corresponding parameter settings are configured whether during normal 
system conditions the state of the trip circuit is sent to the digital input of the PROCESSING as either  
ñ0ò or ñ1ò. The same applies for the auxiliary circuit healthy conditions. 
 
In our example we assume that: 
Both Healthy settings are logic ñ1ñ. 
A logic ñANDñ configuration therefore means that both digital inputs (trip circuit healthy + auxiliary circuit 
healthy)  have to be ñ1ñ to affirm that the trip circuit is recognised to be in order.  
If not, an alarm annunciation ñTrip Circuit Failureñ is being initiated.  
 
In a normal state, i.e. trip circuit healthy, no output will be set from the DRS protection system and no 
LED indication is shown. This corresponds to our User Operating Philosophy that no yellow or red LED 
indication is present when everything is in order. 
The time delay is provided in order to not initiate a false alarm during CB operation but to produce an 
alarm output for a real trip circuit fault. 
 
 
Examples for the setting value "logical connection" under the presupposition that the Healthy 
configuration is set to "1": 
 
ĂEX-ORñ:  
One of the two inputs has to be "1" and the other one must be "0" for a trip circuit OK. 
 
ĂORñ: 
One or both inputs have to be "1" for a trip circuit OK. 
 
ĂNORñ: 
Both inputs must be "0" for a trip circuit OK. 
 
ĂANDñ: 
Both inputs must be "1" for a trip circuit OK. 
 
ĂNANDñ: 
At least one of the two inputs have to be  "0" for a trip circuit OK. 
 
Important Note: 
The only possibility to use the whole range of the possible logical configuration is as follows: 
 
Battery: 220 VDC 
Inputs: 110 VDC (set jumper to 110VDC). 
Note: The 110VDC rated inputs can also be used permanently with 220 VDC. 
  



 

MB...   LOGIC FUNCTIONS 

 

 

60 / 744  DID-001-1.06 DRS Library of Protective Functions 

2.5.3. MB442 

 
Logic Scheme: 
This logic function consists of 4 AND Gates which are conveyed to a common OR Gate. In the Setting Value 
Window of the DRSWIN these 4 AND Gates are clearly visible and there are 4 large blocks of input parameters, i.e. 
1 to 4 for these 4 AND Gates. For following OR Connection after the AND Gate no setting values are required and 
simply the output signals of the 4 AND Gates are assigned to the respective outputs. 
 
This way, each of the 4 function inputs of the OR Gate represents thereby an AND Connection of all these inputs or 
outputs assigned by the Selection Mask as per setting value window. Please note that the polarity for each 
selected input or output (AND Gates) can be inverted. Therefore when an  inverted input or output is to be used 
also the Inverting Mask has to be marked and as an important NOTE: For an inverted input 2 confirmation selection 
marks are required, i.e. in the Selection Mask as well as in the Inverting Mask.    
It is not sufficient just to mark the Inverting Mask! 
 
The inputs of the logic functions by themselves are either "Real" inputs, e.g. IN03 or "Real" outputs, e.g. OUT01, or 
"simulated" (via notebook) inputs or outputs, or "feed-back" signals (output is routed back to an input via set value 
of the protective function ï see Fig. 19),  which then can be suitably connected into the logic function. 
To further describe the logic functions outputs: 
The output of a logic function 2 can be configured and routed to a virtual input as well as to a real input or inputs or 
to a virtual output as well as real output or outputs. This way it is possible to transfer the state of the logic function 2 
to an input of the DRS COMPACT2 software programme. This is necessary because, for example, the blocking 
inputs for protective functions only accept binary inputs (BI). 
 
Time Module: 
The result of the OR logic is time delayed according to the setting value and this delay is only active during a 
transition from 0 Ÿ1 on the input of the time delay module (please also refer to the corresponding logic diagram) 
and afterwards when thus set either directly or inverted activating the function output. Please note that this time 
delay is not operative in case of a change from 1 Ÿ0 at the input of the time module and the input to the time delay 
module has always to be observed according to the logic diagram. Should the time delay module be activated 
during an inverted slope condition then the desired result may be implemented by an additional, double inversion, 
i.e. before and after the delay module. 
Example: By a suitable selection of the parameter setting value ñInversionò by the input signals as well as by the 
output signals of the logic function 2 it is possible to obtain configurable operating and/or reset time delays 
 
Output: 
The output of the logic function which is a single digital signal without initiation annunciation but a trip can be 
allocated to the respective LED- and trip matrix and can be assigned to the general distribution to the LED- and trip 
matrices. In addition these signals can be assigned to the back-coupling mask and returned to the binary inputs. 
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2.6. COMMISSIONING 

 

Note: During all Commissioning Activities the Relevant  
         Safety Precautions Have to Be Strictly Observed! 

 

2.6.1. MB111/ MB141/ MB142/ MB211/ MB311/ MB442 

 
Connections: 
 
The external connections to the binary input signals are realised via adapted coupling modules according to plant 
requirements and then transferred to the Central Control Unit VE.  
The coupling modules may either be relay modules or opto-isolator modules. The selectable input voltage can have 
a rating between 24VDC to 220VDC whereby the 220VDC opto- isolator inputs can be energised 
continuously with up to 300VDC. 
 
- Pre-Commissioning: 
 
The DRS WIN User program enables the operation (simulation) of all digital inputs and outputs (please also refer 
to: ñSystem ñ/ò Binary In- and Output Selection) which can be carried out either ONLINE or 
OFFLINE and have preference over the real plant signals. 
Thus it is possible to test all the complete logic functions OFFLINE. 
 
- Commissioning Tests: 
 
These tests can basically be limited to only verify the correct external input- and output signals for the protection 
relay since the internal functions were already confirmed during the pre-commissioning tests.  
 
- Input signals of the protective function:  
  The initiated external plant inputs are displayed in the Window "System"/ "Binary In/Output 
  Selection". 
 
- Output signals of the protective function:  

By operating (simulating) the outputs in the Window "System"/ "Binary In/Output  Selection" 
to verify the external circuitry, e.g. CB trip circuit, etc. 

  



 

MB...   LOGIC FUNCTIONS 

 

 

62 / 744  DID-001-1.06 DRS Library of Protective Functions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INTENTIONALLY BLANK PAGE 
 
 



MC...   CIRCUIT BREAKER FAILURE PROTECTION 

 

 

 

DRS Library of Protective Functions DID-001-1.06  63 / 744 

3. MC...   CIRCUIT BREAKER FAILURE PROTECTION 

 
 

3.1. OVERVIEW 

 
List of the available MC . . .  ï Protective Functions 
 
 
Abbreviations:  C2  ... DRS-COMPACT2A 
   M  ... DRS-MODULAR 
   L ... DRS-LIGHT 
   FNNR ... Function number (VE internal number of the protective function) 
   TYPE ... Function type (short name of the protective function) 
   ANSI ... ANSI device number (international protective function number) 
 
    
 

PROTECTIVE FUNCTION:   MC 316  FNNR TYPE ANSI Application 

CB Failure Protection 

Note: Available from PROCESSING Firmware Version 5.24 on 

1115 MC316 40 C2,M 
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3.2. TECHNICAL DATA 

 
 

PROTECTIVE FUNCTION:   MC316 FNNR TYPE ANSI Application 

CB Failure Protection 

Note: Available from PROCESSING Firmware Version 5.24 on 

1115 MC316 40 C2,M 

 
2- stage CBF protection with "LOW GAS PRESSURE" logic and time monitoring of the 
"CB Failure Start" (CBFS) signal.  
TRIP output extension is provided as a standard. 
 
 
MC316 
Technical Data 
 
 

Inputs  

Analogue: Current phase L1 

 Current phase L2 

 Current phase L3 

Binary: CB closed position (from CB auxiliary contacts) 

 CBF start (CB failure start) 

 LOW GAS PRESSURE (CB not ready) 

 Blocking input stage 1 

 Blocking input stage 2 

 Test input stage 1 

 Test input stage 2 

 
 

Outputs  

Binary: CB failure stage 1 trip 

 CB failure stage 2 trip 

 CB failure stage 3 trip 

 
 

Setting Parameters   

Current interlock CBF 0,1 ... 2 A in 0,05 A steps 

CBF feeder TRIP time delay 0,01 ... 0,99 s in 0,01 s steps 

CBF bus section TRIP time delay 0,01 ... 0,99 s in 0,01 s  steps 

Maximum CBF STARTING time 1 ... 180 s in 1 s  steps 

 
 

Measuring  

Reset Ratio: 0,97 

Operating Time: ² 2 Periods 

Accuracy: ¢  3% of setting value or  

¢ 2% In 
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3.3. CONNECTION DIAGRAMS 

3.3.1. MC316 

 

Fig. 25  MC316 CBF (Circuit Breaker Failure) Logic Diagram 
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3.4. LOGIC DIAGRAM 

3.4.1. MC316 

 

Fig. 26  MC316 CBF (Circuit Breaker Failure) Logic Diagram 
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Fig. 27  MC316 CBF (Circuit Breaker Failure) Logic Diagram Processing 
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Fig. 28  MC316 CBF (Circuit Breaker Failure) Logic Diagram Processing / Legend 
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Fig. 29  MC316 CBF (Ciruit Breaker Fail) ,,Zero Crossingóó 

 

  

  MC316  CBF (CIRCUIT BREAKER FAIL)  ĂZERO CROSSINGñ

EXPLANANTION OF CONDITION 

ĂZERO CROSSINGñ

MEANING OF:

I L1 > set 

& (ZERO CROSSING)

Condition fullfilled (ĂZERO CROSSINGñ)

Condition not fullfilled (no ĂZERO CROSSINGñ)

1. HARM. (actual) > set

ZERO CROSSING

set value

I CBS

t

1. HARM. (actual) > set

no ZERO CROSSING

set value

I CBS

t



 

MC...   CIRCUIT BREAKER FAILURE PROTECTION 

 

 

70 / 744  DID-001-1.06 DRS Library of Protective Functions 

3.5. FUNCTION 

 

3.5.1. MC316 

 
Digital Inputs: 
CB closed position (condition: CB is closed) 
CBF start (condition: CB failure start = trip command is initiated) 
LOW GAS PRESSURE (CB is possibly not ready / can possibly not be tripped) 
2x BLK 
2x TST 
 
Analogue Inputs: 
Current Phase L1 
Current Phase L2 
Current Phase L3 
 
Digital Outputs: 
Stage 1: After expiry of time delay t1. 
Stage 2: After expiry of time delay t2. 

Note:  In case of LOW GAS PRESSURE then the time delay t2 is automatically set to 0 sec. and 
stage 2 is operating first. 

Stage 3: After expiry of time delay t3. 
            
Logic for Stage 1 / Stage2: 
CBF start   &   CB closed position  ....  time delays t1 and t2 are beginning to start. 
Or: 
CBF start   &   one of the three phase currents are exceeding the set value   ....  
time delays t1 and t2 are beginning to start. 
 
Features: 
1. 
When set to "LOW GAS PRESSURE" (binary input), then the program will automatically set the 
delay t2 to 0 sec., i.e. the stage 2 trip is initiated immediately because of a possible CB not ready condition and the 
higher level trip command is given first. 
2. 
When the time delay t3 has expired it means that the CBF start signal is initiated for an excessive time which can 
indicate that either the stage 1 and stage 2 tripping were not successful or that the CBF start signals are faulty or 
not being previously reset. 
3. 
After CB trip there may be some current oscillations which however have no zero crossings even though the 1

st
 

harmonic is still above the configured setting value and in this case the CB failure 
protective function will be blocked, i.e. no trip output.  
4. 
TRIP signal extension: 
The tripping commands from stage 1 and stage 2 are being extended by 400 ms (in addition but not overall) in 
order to prevent fleeting trip signals to the CB trip coil. 
Stage 3 is not provided with a trip time extension but only will initiate an alarm annunciation meaning a fault 
condition of the CBF function for internal or external causes.  
5. 
"CB is ON" ï signal  may be used optionally (instead or additionally to the Overcurrent Measuring System); this 
measure would act as a mechanical CB Failure Detection.  
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3.6. COMMISSIONING 

 

Note: During All Commissioning Activities The Relevant Safety Regulations 
Have to Be Strictly Observed and Applied! 

 

3.6.1. MC316 

 
-Pre-Commissioning 
 
With a relay test set the test current is injected and the binary inputs set with the aid of a terminal or notebook 
ñBinary In/Output Pre-Selectionò are displayed and controlled on-screen. 
Note: in order to activate the protective function during test operation additionally the  
"CBF Start" ï input has to be set (for example by simulation via notebook). 
Note: If real trip outputs to the external plant have to be prevented this can be achieved by opening the 
disconnecting terminals or by temporary re-programming and/or blocking of the function outputs (please refer to the 
"Function Outputs ..." in the logic diagram). 
 
-Commissioning Tests 
 
During the commissioning tests by use of the ñActual Measured Values" window the correct measurement of the 
input currents is verified, and the binary inputs are checked by operation of the external auxiliary contacts of the 
protected plant. 
 
The trip circuits have to be checked via the "Binary In/Outputs Selection" by actual tripping of the corresponding 
plant equipment when set to "1" of the relevant switchgear parts thereby saving the result of the tests into the event 
recording feature. 
 
  



 

MC...   CIRCUIT BREAKER FAILURE PROTECTION 

 

 

72 / 744  DID-001-1.06 DRS Library of Protective Functions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INTENTIONALLY BLANK PAGE 
 



MD...    GENERATOR DIFFERENTIAL 

 

 

 

DRS Library of Protective Functions DID-001-1.06  73 / 744 

 
 

4. MD...    GENERATOR DIFFERENTIAL  

 
 

4.1. OVERVIEW 

 
List of the Available MD . . .  Generator Differential Protective Functions 
 
 
Abbreviations:   C2  ... DRS-COMPACT2A 
   M  ... DRS-MODULAR 
   L ... DRS-LIGHT 
   FNNR ... Function number (VE-internal number of the protective function) 
   TYPE ... Function type (short name of the protective function) 
   ANSI ... ANSI device number (international protective function number) 
 
    
 

PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 2-phase, 
with Standard-BIAS characteristic. 

1018 MD222 87G C2,M,L 

Generator differential protection 2-phase. 
Characteristic with reduced inference of restraint current. 

1114 MD223 87G C2,M 

Generator differential protection 2-phase, 
with Standard-BIAS characteristic, 
with CT Saturation Detection, High Set O/C (ȹI >>) 
and Quick Trip ï feature. 

1146 MD228 87G C2,M 

Generator differential protection 2-phase. 
Characteristic with reduced inference of restraint current. 
Includes CT Saturation Detection, High Set O/C (ȹI >>) 
and Quick Trip ï feature. 

1148 MD229 87G C2,M 

Generator differential protection 3-phase, 
with Standard-BIAS characteristic. 

1014 MD322 87G C2,M,L 

Generator differential protection 3-phase. 
Characteristic with reduced inference of restraint current. 

1113 MD323 87G C2,M 

Generator differential protection 3-phase, 
with Standard-BIAS characteristic, 
with CT Saturation Detection, High Set O/C (ȹI >>) 
and Quick Trip ï feature. 

1145 MD328 87G C2,M 

Generator differential protection 3-phase. 
Characteristic with reduced inference of restraint current. 
Includes CT Saturation Detection, High Set O/C (ȹI >>)  
and Quick Trip ï feature. 

1147 MD329 87G C2,M 
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Comparison 
 
 

 

Number  
of Phases 

Standard 
BIAS 

Reduced 
BIAS 

CT 
Saturation 
Detection 

 
High Set  

O/C  
(ȹI >>) 

 

MD222 2 +    

MD223 2  +   

MD228 2 +  + + 

MD229 2  + + + 

MD322 3 +    

MD323 3  +   

MD328 3 +  + + 

MD329 3  + + + 
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4.2. TECHNICAL DATA 

 

4.2.1. Generator Differential 2-phase 2-winding 

 
 

PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 2-phase  

Formula for Restraint Current: 
Restraint Current = 
(|FFT 1H of ISYSTEM1 L1 resp. L3|  
+ |FFT 1H of ISYSTEM2 L1 resp. L3|) / 1. 
BIAS-Characteristic:  
Restraint Current = 0 ... 1:   Bias = const. 
Restraint Current = 1 ... 3:   Bias = 30% 
Restraint Current > 3:          Bias = Set value 

1018 MD222 87G C2,M,L 

 
2- phase generator differential protection with through fault stabilising (bias). 
Standard BIAS-characteristic. 
 
 
 

PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 2-phase  

Formula for Restraint Current: 
Restraint Current = 
(|FFT 1H of ISYSTEM1 L1 resp. L3|  
+ |FFT 1H of ISYSTEM2 L1 resp. L3|) / 1. 
BIAS-Characteristic:  
Restraint Current = 0 ... 2:   BIAS = const. 
Restraint Current = 2 ... 6:   Bias = 30% 
Restraint Current > 6:          Bias = Set value 

1114 MD223 87G C2,M,L 

 
2- phase generator differential protection with through fault stabilising (bias). 
Characteristic with reduced inference of restraint current. 
 
 
 

PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 2-phase 

Formula for Restraint Current: 
Restraint Current = 
(|FFT 1H of ISYSTEM1 L1 resp. L3|  
+ |FFT 1H of ISYSTEM2 L1 resp. L3|) / 1. 
BIAS-Characteristic:  
Restraint Current = 0 ... 1:   Bias = const. 
Restraint Current = 1 ... 3:   Bias = 30% 
Restraint Current > 3:          Bias = Set value 

1146 MD228 87G C2,M 

 
2- phase generator differential protection with through fault stabilising (bias). 
Standard BIAS-characteristic. 
With CT Saturation Detection. High Set O/C Quick-Release (DiffStrom >>) and Quick Trip-feature. 
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PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 2-phase 
Formula for Restraint Current: 
Restraint Current = 
(|FFT 1H of ISYSTEM1 L1 resp. L3|  
+ |FFT 1H of ISYSTEM2 L1 resp. L3|) / 1. 
BIAS-Characteristic:  
Restraint Current = 0 ... 2:   Bias = const. 
Restraint Current = 2 ... 6:   Bias = 30% 
Restraint Current > 6:          Bias = Set value 

1148 MD229 87G C2,M 

 
2- phase generator differential protection with through fault stabilising (bias). 
Characteristic with reduced inference of restraint current.  
With CT Saturation Detection. High Set O/C Quick-Release (DiffStrom >>) and Quick Trip-feature. 
 
 
 
 
 
MD222/ MD223/ MD228/ MD229 
Technical Data: 
 
 

Inputs  

Analogue: Current system 1 phase L1 

 Current system 1 phase L3 

 Current system 2 phase L1 

 Current system 2 phase L3 

Binary: Blocking input 

 Test input  

 
 

Outputs  

Binary: Trip 

 Available for MD228/ MD229 only: 
CT Saturation 

 
 

Setting Parameters   

Operating value: 0,05 ... 2.5 x In in 0,01 x In steps 

Bias slope: 30 ... 60 % in 5 % steps 

High Set O/C: Available for MD228/ MD229 only: 
2 é 15 x In in 0,5A steps 

Saturation Detection (CT): Available for MD228/ MD229 only: 
0 é 240 periods. 
Explanation: BIAS-characteristic change to 65% will 
be activ for selected number of periods (= max. limit). 
Note: Saturation Detection = OFF, if 
Set value = 0 periods. 
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Window Display for Relay Internal            
Determined and Computed Values 

 

Differential current phase L1: in A 

Differential current phase L3: in A 

Bias current phase L1: in A 

Bias current phase L3: in A 

 
 

Measuring  

Reset ratio: Set value Differential Current:  0,875 
Set value High Set O/C:           0,75 

Operating time: <30ms at 50 Hz (including output relays)  
<90ms at 16.66 Hz (including output relays)   

Accuracy: ¢  3% of setting value or  

¢ 2% In 
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4.2.2. Generator Differential 3-phase 2-winding 

 
 

PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 3-phase 
Formula for Restraint Current: 
Restraint Current = 
(|FFT 1H of ISYSTEM1 L1 resp. L2 resp. L3|  
+ |(FFT 1H of ISYSTEM2 L1 resp. L2 resp. L3|  
+ |(FFT 1H of ISYSTEM3 L1 resp. L2 resp. L3|) / 1. 
BIAS-Characteristic:  
Restraint Current = 0 ... 1:   Bias = const. 

Restraint Current = 1 ... 3:   Bias = 30% 
Restraint Current > 3:          Bias = Set value 

1014 MD322 87G C2,M,L 

 
3- phase generator differential protection with through fault stabilising (bias). 
Standard BIAS-characteristic. 
 
 
 

PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 3-phase 
Formula for Restraint Current: 
Restraint Current = 
(|FFT 1H of ISYSTEM1 L1 resp. L2 resp. L3|  
+ |FFT 1H of ISYSTEM2 L1 resp. L2 resp. L3|  
+ |FFT 1H of ISYSTEM3 L1 resp. L2 resp. L3|) / 1. 
BIAS-Characteristic:  
Restraint Current = 0 ... 2:   Bias = const. 
Restraint Current = 2 ... 6:   Bias = 30% 
Restraint Current > 6:          Bias = Set value 

1113 MD323 87G C2,M,L 

 
3- phase generator differential protection with through fault stabilising (bias). 
Characteristic with reduced inference of restraint current. 
 
 
 

PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 3-phase 
Formula for Restraint Current: 
Restraint Current = 
(|FFT 1H of ISYSTEM1 L1 resp. L2 resp. L3|  
+ |FFT 1H of ISYSTEM2 L1 resp. L2 resp. L3|  
+ |FFT 1H of ISYSTEM3 L1 resp. L2 resp. L3|) / 1. 
BIAS-Characteristic:  
Restraint Current = 0 ... 1:   Bias = const. 
Restraint Current = 1 ... 3:   Bias = 30% 
Restraint Current > 3:          Bias = Set value 

1145 MD328 87G C2,M 

 
3- phase generator differential protection with through fault stabilising (bias). 
Standard BIAS-characteristic. 
With CT Saturation Detection. High Set O/C Quick-Release (DiffStrom >>) and Quick Trip-feature. 
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PROTECTIVE FUNCTIONS:   MD . . .  FNNR TYPE ANSI Application 

Generator differential protection 3-phase 
Formula for Restraint Current: 
Restraint Current = 
(|FFT 1H of ISYSTEM1 L1 resp. L2 resp. L3|  
+ |FFT 1H of ISYSTEM2 L1 resp. L2 resp. L3|  
+ |FFT 1H of ISYSTEM3 L1 resp. L2 resp. L3|) / 1. 
BIAS-Characteristic:  
Restraint Current = 0 ... 2:   BIAS = const. 
Restraint Current = 2 ... 6:   Bias = 30% 
Restraint Current > 6:          Bias = Set value 

1147 MD329 87G C2,M 

 
3- phase generator differential protection with through fault stabilising (bias). 
Characteristic with reduced inference of restraint current.  
With CT Saturation Detection. High Set O/C  Quick-Release (DiffStrom >>) and Quick Trip-feature. 
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MD322/ MD323/ MD328/ MD329 
Technical Data 
 
 

Inputs  

Analogue: Current system 1 phase L1 

 Current system 1 phase L2 

 Current system 1 phase L3 

 Current system 2 phase L1 

 Current system 2 phase L2 

 Current system 2 phase L3 

Binary: Blocking input 

 Test input  

 
 

Outputs  

Binary: Trip 

 Available for MD328/ MD329 only: 
CT Saturation 

 
 

Setting Parameters   

Operating value: 0,05 ... 2.5 x In in 0,01 x In steps 

Bias slope: 30 ... 60 % in 5 % steps 

High Set O/C: Available for MD328/ MD329 only: 
2 é 15 x In in 0,5A steps 

Saturation Detection (CT): Available for MD328/ MD329 only: 
0 é 240 periods. 
Explanation: BIAS-characteristic change to 65% will 
be activ for selected number of periods  
(= max. limit). 
Note: Saturation Detection = OFF, if 
Set value = 0 periods. 

 
 

Window Display for Relay Internal            
Determined and Computed Values 

 

Differential current phase L1: in A 

Differential current phase L2: in A 

Differential current phase L3: in A 

Bias current phase L1: in A 

Bias current phase L2: in A 

Bias current phase L3: in A 

 
 

Measuring  

Reset ratio: Set value Differential Current:  0,875 
Set value High Set O/C:           0,75 

Operating time: ² 30 ms at 50 Hz (including output relays)  

² 26 ms at 60 Hz (including output relays) 

Accuracy: ¢  3% of setting value or  

¢ 2% In 

 



MD...    GENERATOR DIFFERENTIAL 

 

 

 

DRS Library of Protective Functions DID-001-1.06  81 / 744 

4.3. CONNECTION DIAGRAMS 
 

4.3.1. MD222 

 

Fig. 30  MD222/MD223/MD228/MD229 87G 2-PH. Wiring Diagram 
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4.3.2. MD322/ MD323 

 

Fig. 31  MD322, MD323: 87G Wiring Diagram 
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4.4. LOGIC DIAGRAMS 

4.4.1. MD222 

 

Fig. 32  MD222/MD223/MD228/MD229 87G 2-PH. Logic Diagram 
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Fig. 33  MD222/MD223/MD228/MD229 87G 2-PH. Logic Diagram Processing 
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Fig. 34  MD222/MD223/MD228/MD229 87G 2-PH. Logic Diagram Processing / Legend 

 

LEGEND

regular 

function

Online-indication of DRS-internal 

calculated values on notebook-screen

Programmable software-matrix for the LED-indications 

(row 2...14) of PROCESSING

Programmable software-matrix for the output-contacts (OUT1...OUT30)

Calculation of differential current by adding up the (proper signed) currents

Fast Fourier Transformation: 1. Harmonic

Calculation of ĂACTUAL OPERATE VALUEñ by using the

BIAS CHARACTERISTIC DIAGRAM.

Input: Set Values ĂOperate Valueñ

ĂBiasñ

Output: ĂACTUAL OPERATE VALUEñ

FUNCTION OUTPUT: Trip (no blocking active)

Online-simulation of the FUNCTION OUTPUTS of the protective function MD222

            all FUNCTION OUTPUTS enabled (regular-operation)

            all FUNCTION OUTPUTS disabled (test-operation)

Denomination of FUNCTION OUTPUTS going to LED-MATRIX

Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX

CALC. INTERNAL 

MEASURED VALUES

é..

LED-

MATRIX

TRIP-

MATRIX

FFT 1H

TRIP

LED-

DISPLAY

BIN. I/0 

PRESET

0

1

BIN. I/0 

PRESET

0

1

BIN. I/0 

PRESET

0

1

always 

Ă1"
always 

Ă0"

LED-indications of PROCESSING 

(row 2...14)

Online-simulation of 

DIG. IN-/OUTPUTS 

via notebook:

BIAS

FIRMWARE MODULE: MD222

PROCESSING

FUNCTION 

OUTPUT

1

0

BIN. I/0 

PRESET

0

1

Online simulation 

via notebook

MD222MD223/MD228/MD229  87G 2-PH.  LOGIC DIAGRAM 

PROCESSING / LEGEND

(FFT 1H) > (ACTUAL 

OPERATE VALUE)

The 1. Harmonic of the actual measured differential current is compared with the 

Ăactual operate valueñ derived from the BIAS-diagram.

×

Restraint current:         I RESTRAINT = | ISYSTEM1| + | ISYSTEM2|  



 

MD...    GENERATOR DIFFERENTIAL 

 

 

86 / 744  DID-001-1.06 DRS Library of Protective Functions 

 

Fig. 35  MD222/MD228 87G 2-PH. Standard Bias Characteristic 
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Fig. 36  MD223/MD228 87G 2PH. Bias Char. With Reduced Inference of Restraint Curr.  
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4.4.2. MD322/ MD323 

 

Fig. 37  MD322, MD323 87G Logic Diagram 
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Fig. 38  MD322, MD323: 87G Logic Diagram Processing  
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Fig. 39  MD322/MD323/MD328/MD329: 87T Logic Diagram Processing / Detail 
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Fig. 40  MD322, MD323: 87G Logic Diagram Processing / Legend 
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Fig. 41  MD322   87G Standard BIAS Characteristic 

  

 

0,0

1,0

2,0

3,0

4,0

5,0

6,0

0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0

D
if
f.

 C
u

rr
./
 R

a
te

d
 C

u
rr

..
  

Restraint Curr./ Rated Curr.

Standard BIAS - Characteristic 
Gen.-Differential-Protection DRS VE2

MD222/MD228/MD322/MD328

BIAS=60%

Set
Diff
0.6
0.5
0.4
0.3
0.2
0.1

TRIP

NO TRIP 

BIAS=50%

BIAS=40%

BIAS=30%

MD322  87G STANDARD BIAS CHARACTERISTIC

BIAS-Characteristic Differential-Protection 

DRS PROCESSING/ MD322

Differential Current  /  Rated Current (of Prot. Relay)

RESULT: ACTUAL SET VALUE 

ĂACTUAL OPERATE VALUEñ

|((FFT 1H) of DIFF)| > (ACTUAL SET VALUE)

|FFT 1H (DIFF)|

|ACT. SET VALUE|

DIFF. PROT. TRIP

Rated Current of Protection Relay 

(1A AC resp. 5A AC)

1

2

2 RESTRAINT CURRENT = |(CURRENT OF SYSTEM1 H1)| +  |(CURRENT OF SYSTEM2 H1)|

 Rated Current of 

Protection Relay 

(1A AC resp. 5A AC)

FIXED SLOPE 

(BIAS= 0) 

BASIC SET 

VALUE 

ĂOPERATE 

VALUEñ

Set Value 

ĂBIASñ

SLOPE ACC. 

TO SET VALUE 

ĂBIASñ

FIXED SLOPE 

(BIAS= 0,3) 

INPUT:

  | FFT 1H of I SYSTEM1 L1 resp. L2 resp. L3resp. L3 |

+  | FFT 1H of I SYSTEM2 L1 resp. L2 resp. L3 |

Note: The result of this diagram is the ACTUAL SET VALUE (valid for VE2 only!) 

which is used to make the TRIP-decision.The ACTUAL SET VALUE has to be 

calculated for every phase separately!

1 FFT 1H(DIFF L1) = FFT 1H (I SYSTEM1 L1 + I SYSTEM2 L1) é DIFF. CURRENT
L2 L2

L3
L2

L3 L3

Set Diff

0,6

0,5

0,4

0,3

0,2

0,1



MD...    GENERATOR DIFFERENTIAL 

 

 

 

DRS Library of Protective Functions DID-001-1.06  93 / 744 

 

Fig. 42  MD323   87G BIAS Char. with Reduced Inference of Restraint Curr. 
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Fig. 43  MD322, MD323 87G Current Polarity Verification Shown: Regular Operation of Generator + Regular Wiring of C.Tôs  

 

L1 L2 L3

I  SYSTEM1 L3

I  SYSTEM1 L2

I  SYSTEM1 L1SYSTEM1

I  SYSTEM2 L1

I  SYSTEM2 L2

I  SYSTEM2 L3

X1 X2 X3

X5

OUT 01

OUT 02

OUT 03

OUT 04

OUT 05

OUT 06

OUT 07

OUT 08

OUT 09

OUT 10

OUT 11

OUT 12

OUT 13

OUT 14

OUT 15

OUT 16

+ -

DC

DC

GND

1 2 3

BATT.+ -

I 1
1

2

I 2
3

4

I 3
5

6

I 4
7

8

I 5
9

10

I 6
11

12

I 7
13

14

I 9
16

18

I 10
19

20

U 1
1

2

X8

U 2
3

4

U 3
5

6

U 4
7

8

16
15
14
13
12
11
10

9
8
7
6
5
4
3
2
1

15
14
13
12
11
10

9
8
7
6
5
4
3
2
1D

R
S
-

C
O

M
P
A
C
T
2
A

SYSTEM2

MD322, MD323  87G CURRENT POLARITY VERIFICATION  SHOWN: 

REGULAR OPERATION OF GENERATOR + REGULAR WIRING OF C.T.́ s.

G

3~
GEN.

I 8
13

15

A B C

LEGEND: 

THIS RECORD SHOWS REGULAR 

OPERATION (NO FAULT 

CONDITION OF GEN.). 

THEREFORE THIS (FAULT) 

RECORD WAS NO INITIATED BY 

PROTECTIVE FUNCTION MD322. 

IT IS FOR DEMONSTRATION OF 

CURRENT POLARITY ONLY! 

WIRING: ACC. TO WIRING 

DIAGRAM FOR MD322, MD323! 

I L1

I L2I L3

I L1

I L2I L3

I L1

I L2
I L3

I L3

I L1

I L2


