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1. MHIB-3 High Impendance Biased Differential Relay 

 
1.1 - Main characteristics 

 
▪ Two Differential levels. 
▪ Programmable percentage bias. 
▪ Two Overcurrent levels. 
▪ Harmonic restraint. 
▪ Breaker Failure protection. 
▪ Oscillographic recordings. 
▪ Modbus Communication Protocol. 

 
 
 

1.2 - Technical features 

 
The M-HIB3 is a microprocessor relay with three high speed current measuring elements. 
With the addition of proper external stabilizing resistors the relay is used as High Impedance 
Differential protection against phase and ground fault. 
 
 
The relay has the following features: 
- Low-set percentage biased differential element on each phase. 
- Adjustable second harmonic restraint level. 
- High-set differential element with DC offset restraint. 
- 2 instantaneous and 2 definite time delay elements for through overcurrent protection. 
- Breaker Failure protection. 
- Real time measurements 
 
- Maximum Demand and Inrush Recording  
- Recording of last five events. 
- Oscillographic recording of 3 input currents. 
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2. PROTECTIVE FUNCTIONS 

 
2.1 - Differential Protection 1F87 

 
The relay performs a percentage biased differential protection against faults inside the protected zone. 
For each phase the relay measures : 
- The value of the System Frequency component of the Vector Difference between side 1 and side 2 
currents 
 

Dx = xx II 21 −   x=A,B,C 

- The R.M.S. value of the zone “Through current”  
2

21 II
Ir

−
=  

The operation is based on the above measurements and on the following programmable levels : 
 

- Basic minimum differential pick-up level : d> = (0.10 – 1.00)In, step 0.01In 

- Percent bias in the zone 0.5 < 
n

R

I

I
 < 2.5  :R% = (10-50)%, step 1% 

- Percent bias in the zone  
n

R

I

I
 > 2.5     :R%= (100)%, step 1% 

To compensate differential current produced by errors of the CT the actual differential current minimum 

pick-up level “ Is “ is dynamically adjusted in function of the actual Through Current “ Ir “ depending on 

the set percent bias levels “ R% “. 

 

 
 
The low set differential element operates instantaneously (less than 30ms) when the measured 

differential current Idx of any phase exceeds the pick-up level 2xIs. 
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2.2 - High set differential level 2F87 

 
For each phase the relay measures the peak value of the positive and negative half wave of the 

differential current. The relay operates instantaneously if both the values execeed the minimum pick-up 
level. 
 
 
Idp > [d>>] √2 
 
                       Idp 

 
 
 
This practically avoids spurious tripping on unidirectional current component typicall of the saturation of 
the CTs. 
 

Basic minimum differential pick-up level : d>> = (0.5 – 9.0 - Dis)In, step 0.1In 
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3. PLUSES 

 
3.1 - Oscillography Records 

 
The relay continuously records in a buffer the samples of the three input phase currents. The buffer 
contains samples for approximately 16 periods. 
Recording is stopped after approximately 8 periods after a trigger signal and the content of the buffer 
is stored into memory. 
Therefore in the memory are stored the wave forms for 8 cycles before and 8 cycles after the trigger 
instant. 
The trigger can be operated either internally on tripping of any function programmed d>, d>>, I>, I>> or 
externally by activation of the digital input B3. 

Selection between the two modes is made by programming the variable TRG = EXT, d>, d>>, I>, I>>. 
The last oscillography record of the three input currents is stored; a second record replaces the first 
one. 

 

 
3.2 - Serial Communication 

 
The relays fitted with the serial communication option can be connected via a cable bus or (with proper 
adapters) a fiber optic bus for interfacing with a Personal Computer. 
All the operations which can be performed locally (for example reading of measured data and changing 
of relay’s settings) are also possible via the serial communication interface. 
Furthermore the serial port allows the user to read the event recording data. 
The unit has a RS232 / RS485 interface and can be connected either directly to a P.C. via a dedicated 
cable or to a RS485 serial bus, thus having many relays to exchange data with a single master P.C. 
using the same physical serial line. A RS485/232 converter is available on request. 
The communication protocol is MODBUS RTU.Each relay is identified by its programmable address 
code (NodeAd) and can be called from the P.C.  
A dedicated communication software (MSCOM) for Windows 95/98 (or later) is available.   
Please refer to the MSCOM instruction manual for more information. 

 

 
3.3 - Test 

 
Besides the normal "WATCHDOG" and "POWERFAIL" functions, a comprehensive program of self-
test and self-diagnostic provides: 

 
❑ Diagnostic and functional test, with checking of program routines and memory's content, run every 

time the aux. power is switched-on: the display shows the type of relay and its version number and 
then switches over to the default display. 

 
❑ Dynamic functional test run during normal operation every 15 min. (relay's operation is suspended 

for less than 4 ms). 
 

❑ Complete test activated by the keyboard or via the communication bus either with or without 
tripping of the output relays. 

 
❑ If any internal fault is detected, the display shows a fault message, the Led "PROG/IRF" 

illuminates and the relay R5 is deenergized. 
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4. DIMENSIONING OF ACCESSORIAL DEVICES 

 
4.1 - CTs 

 
▪ All the CTs must have same ratio. 

▪ Current transformers must meet the requirements hereunder specified for stability on 
through Fault: 

 

❑ Vk  2VS 
 

❑  

 
Where: 

 
 

   0.02  for In = 1A 

❑ RR = Relay Burden =   

   0.01  for In = 5A 
 
 

❑ RC = Resistance of the Cable loop between C.T. and relay 

❑ R2 = Resistance of C.T’s secondary winding 

❑ IF = Maximum external short-circuit current 

❑ IS = Relay trip level 

❑ Vk = C.T’s Knee point voltage 

❑ VS = Stability voltage = IF (RC + R2) 

❑ RS = Stabilizing resistor 

 
 (Class X CTs with 1A secondary are recommended). 

 
The calculation has been made accordingly to the requirements for protective current transformers 
for transient performance as specified in IEC 60044-6 §3.15-3.20. 
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4.2 - Relay Sensitivity  

 
The minimum primary setting value for the differential protection relay is affected by the magnetising 
current of the CTs and the current  in the surge arrester. 

 
▪ Id= n(q x Im+[d>]) 

 
 

4.3 - Stabilising Resitor 

 
The correct value of the stabilising resistor will be choosen so that: 

 
▪ (R2 + Rc) / [d>] x IF   <  Rs   < Vk / (2 x IF) 

 

 
 

4.4 - Surge arrester  

 
In case, in the event of an internal fault, the voltage at relay inputs exceeds 2kV the use of a surge 
limiter device is required. 
The calculation of the voltage at relay inputs will be done according the following formula: 

 
▪ V = 2√2 x Vk x { IF-2 x (R2 + Rc + Rs) - Vk } 
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5. PRACTICAL EXAMPLES 

 

 

Rc Resistance of cable loop between CT and relay    0,333 Ohm 

R2 Resistance of CT secondary winding     0,54 Ohm 

Id Minimum primary current threshold (detectable by relay)  569,6A 

IF Maximum through fault current  (1:primary, 2:secondary)  35300/110.31A 

Im CT magnetizing current      0,07A 

In CT secondary current       5A 

[d>] Relay trip level   (30% : 5 x 0.3 = 1.5)    1,5A 

Vk CT knee point voltage       390V 

Vs Stability voltage   {IF-2 x (Rc + R2)}     96,3V 

RR Relay burden (resistance)      0,01Ohm 

Rs Stabilizing resistor       100 Ohm 

q nos. of parallel-connected current transformer 
 

CT type and ratio : 1600/5 

R21 = 0.54 =  CT1 secondary resistance (Ohm) 

R22 = 0.54 = CT2 secondary resistance (Ohm) 

R2 = 1.08 = Max (R1,R2) 

Vk1 = 390V = CT1 Knee point voltage 

Vk2 = 390V = CT2 Knee point voltage 
  

Rc1 = 0,167 = resistance on CT1 side     5.5mm2 max. length 50m 

Rc2 = 0,167 = resistance on CT2 side     5.5mm2 max. length 50m 

Rc = 0,333 = Max (Rc-1, Rc-2)      (5.5mm2, R=3.33 Ohm/Km) 
n = 1600/5 = 320= CT Ratio 
IF1 = 35300A (primary) 
IF2 =  35300 / 320 = 110.31A (secondary) 
  
Vk > 2Vs { Vs = IF-2 x (R2 + Rc) } 
Vk = 2 x { 110.31 x (0.54 + 0.333) } = 192.6 V 
  
Design rating of CT1 & CT2 Vk : 390V >> 192.6V 

(R2 + Rc) / Is x IF-2   <  Rs   ≦ Vk / (2 x Is) 

 { (0.54 + 0.333) / 1.5 x 110.31 }  <  Rs  ≦  { 390 / (2 x 1.5) } =>  64.2  <  Rs  ≦  130 Ohm 

 

 Set  Rs = 100 Ohm 
  

V = 2√2 x Vk x { IF-2 x (R2 + Rc + Rs) - Vk } 

V = 2√2 x 390 x { 110.31 x (0.54 + 0.333 + 100) - 390 } = 5788 V 

5788  >> 3 KV, therefore, surge limiter installation is required. 
 
Id = 320 (4 x 0.07 + 1.5) = 569.6A 
n : CT ratio (1600/5 = 320) 
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Rc Resistance of cable loop between CT and relay   Ohm 

R2 Resistance of CT secondary winding     1,20 Ohm 

Id Minimum primary current threshold (detectable by relay) 

IF Maximum through fault current  (1:primary, 2:secondary) 

Im CT magnetizing current      0,07A 

In CT secondary current       5A 

[d>] Relay trip level   (30% : 5 x 0.3 = 1.5)    1,5A 

Vk CT knee point voltage       800V 

Vs Stability voltage   {IF-2 x (Rc + R2)}  

RR Relay burden (resistance)      0,01Ohm 

Rs Stabilizing resistor 

q nos. of parallel-connected current transformer  
 

CT type and ratio : 1600/5 

 R21 = 1.20 = CT1 secondary resistance (Ohm) 

 R22 = 1.20 = CT2 secondary resistance (Ohm) 

 R2 = 2.40 = Max (R1,R2) 

 Vk1 = 800V = CT1 Knee point voltage 

 Vk2 = 800V = CT2 Knee point voltage 
  

Rc1 = 0,167 = resistance on CT1 side     5.5mm2 max. length 50m 

Rc2 = 0,167 = resistance on CT2 side     5.5mm2 max. length 50m 

Rc = 0,333 = Max (Rc-1, Rc-2)      (5.5mm2, R=3.33 Ohm/Km) 
n = 2000/5 = 400=CT Ratio 
IF1 =  35300A (primary) 
IF2 =  35300 / 400 = 88.25A (secondary) 
  
Vk > 2Vs { Vs = IF-2 x (R2 + Rc) } 
Vk = 2 x { 88.25 x (1.20 + 0.333) } = 270.57 V 
  
Design rating of CT1 & CT2 Vk : 390V >> 192.6V 

(R2 + Rc) / Is x IF-2   <  Rs   ≦ Vk / (2 x Is) 

 { (1.20 + 0.333) / 1.5 x 88.25 }  <  Rs  ≦  { 800 / (2 x 1.5) } =>  91.19  <  Rs  ≦  166.67 Ohm 

 

 Set  Rs = 100 Ohm 
  
[d>] : relay trip level (5 x 0.3 =1.5) 
  

V = 2√2 x Vk x { IF-2 x (R2 + Rc + Rs) - Vk } 

V = 2√2 x 800 x { 88.25 x (1.20 + 0.333 + 100) - 800 } = 7226.7 V 

7226.7  >> 3 KV, therefore, surge limiter installation is required. 
Id = 400 (4 x 0.07 + 1.5) = 712A 
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6. SURGER ARRESTER DEVICE 
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7. ELECTRICAL CHARATERISTICS 
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8. CONNECTION DIAGRAM 
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9. OVERALL DIMENSIONS 

 
 

 
 

 




