
Electronic Motor Protection Relay 

GMP, DMP, IMP series 



EMPR replacing thermal overload relay is electronic motor protection relay 
which is called as Electronic Overcurrent Relay. EMPR is highly reliable by 
implementation of real-time data processing and high precision and also can 
secure motor safety with various functions 



Because of a motor 

• Stop the production line 

• Quality defects 

• Reduced productivity 

• Loss of labor 

• Repair occurs 

• Rising costs 

• Measures to prevent recurrence 



Product line 
Machine tool 
Conveyor 

Continuous operation 

Frequent on/off 

Over current 

Phase loss 

Jam/Stall 

Pump 

Operating at humid place 

No-load operation 

Operating at invisible place 

Ground fault 

Under current 

Feature of site Protection element 

Feature of site Protection element 



Coil short  Broken cable  

Bearing wear  

Rotor failure 

Phase loss 

Oil soaked dirt 

Winding damage 

Circuit breaker contact failure 

Improper cooling air 

   (Contaminated filters, fan damage,  

    no fan-drive…) 

etc,.. 



Overload 

The load of electrical machine or system > electric motor power 
Main cause : Increasing of load capability, aging facilities, design fault 
 

Lock / Stall 

Locked rotor  motor can not rotate  over current occur as much as starting current 
Main cause :  bearing failure 

Open phase (Phase loss) 

Main cause : contact failure (fuse, contact, terminal block, etc..) 
R : S : T = 10 : 10 : 10  ‘R’ phase failure  R : S : T = 0 : 17 : 17  

Reversed phase 

Normal phase : R – S – T,  S – T – R,  T – R – S 
Reversed phase : R – T – S,  S – R – T,  T – S – R 
• Hoist, Crain, Conveyor 
    - if reversed phase occur at hoist?  
       For the safety, reversed phase protection is essential! 



Ground fault 

• Pump 
     Usually, pump is installed at the underground where is humid 
• OCGR 
     Beside of ACB, OCGR is connected. 
     Without EMPR, low voltage system will be totally destroyed  

 

Under current 

• Pump 
     Operating at the no water place (no load) 
• Conveyor 
     loosen of belt tension 
       
 
Unbalance 

Single-phase loads are connected to three-phase system, unbalance occur 
Compare each phase current 

Instantaneous current 

Give signal to MCCB Shunt coil, when instantaneous current occur 



Faults Causes Effects 
Consequences  
on the motor  
and machine 

Protection 
devices 

Short-circuit 

• Contact between  
- several phases 
- One phase and neutral 
- Several turns of the same phase 

• Current peak 
• Electrodynamic forces on  
  the conductors 

• Destruction of  
  windings 

MCCB, MMS 

Overvoltage 
• Lighting 
• Electrostatic discharge 
• Operation 

• Dielectric breakdown in  
  the windings 

• Destruction of  
  the windings  
  due to loss of  
  insulation 

TOR, EMPR 

Phase 
imbalance and  
Phase failure 

• Opening of a phase 
• Single-phase load upstream of  
  the motor 
• Short-circuit between the turns  
  of the same winding 

• Reduction of usable  
  torque, efficiency and  
  speed 
• Increase in losses 
• Starting impossible if  
  phase failure 

• Overheating EMPR 

High starting  
frequency 

• Failure of the automation system 
• Too many manual control  
  operations 
• Numerous fault trips 

• High stator and rotor  
  temperature rise due to  
  the frequent start current 

• Overheating 
• Consequences  
  on the process 

EMPR 

Voltage 
variations 

• Instability of the mains voltage 
• Connection of heavy loads 

• Reduction of usable    
  torque 
• Increase in losses 

• Overheating TOR, EMPR 



Faults Causes Effects 
Consequences  
on the motor  
and machine 

Protection 
devices 

Long starting 
time 

• Resistive torque too high 
  (load too heavy) 
• voltage drop 

• Increase in starting time • Overheating EMPR 

Jamming 
• Mechanical problem(crusher) 
• Seizures 

• Overcurrent 
• Overheating 
• Consequences  
  on the process 

TOR, EMPR 

No-load  
running 

• Pump running empty 
• Mechanical break in drive to  
  the load 

• Drop in current drawn 
• Consequences  
  on the process 

EMPR 

Frequency 
fluctuations 

• Overload of a supply powered  
  by limited independent sources 
• Faulty alternator speed regulator 

• Increase in losses 
• Interferes with  
  synchronous devices 
  (clock, recorder, …) 

- EMPR 

Overloads 
• Increase in resistive torque 
• Voltage drop 
• Drop in power factor 

• Increase in current  
  consumption 

• Overheating TOR, EMPR 

Phase-Earth 
fault 

• Accidental Phase-Earth contacts 
• Accidental Phase-machine  
  casing contacts 
  (casing connected to earth) 

• Overvoltage developed  
  in the main supply 
• Rise in earth potential  
  (Safety of persons) 

• Safety of persons EMPR 



Thermal Overload Relay (TOR) Electronic Motor Protection Relay (EMPR) 

Principle 
• Curvature of Bi-Metal 

  - Wide margin of error 

• Micro-Controller Unit based   

  - Real time processing / High precision 

Power • No separate power input • Needs separate power input 

T-C curve 
selection 

• Rated current scaling only 

• Narrow current scaling range   

  (less than 160% of the minimum set) 

• Depending on the ambient temperature,  

  operating characteristics is changed 

• Thermal Inverse time only 

• Standard/Lagged-type option 

• Operating hours, rated current are adjustable 

• Wide current scaling range   

  (500-2000% of the minimum set) 

• Regardless of ambient temperature, operating  

  characteristics is stable 

• Definite, Inverse, Thermal inverse time 

• Trip delay time can be set 

Protection 
function 

• Overload, Open phase(part of) 

  - overload: set by motor rating current 

• Overload, Open phase, Unbalance, Lock, Reverse phase,  

  Ground fault, Instantaneous etc. 

  - overload: set by actual load current (< full load current) 

Mounting • MC direct coupling, Terminal connection    • MC direct coupling, Terminal connection, penetration  

Auxiliary 
functions 

•  

• Easy Trouble shooting by saving the cause of action,  

  display and alarm 

• Current display (GMP60-TD. DMP/IMP series)  

• Current setting more than 60A and less than 0.5A 

• Monitoring currents and trip status by network 

  (Modbus / RS-485,  Analog 4~20mA Output) 

Output contact  • 1c • 1c, 1a1b, 2a1b, 1a2b, etc. (user can set some)  

Power 
consumption 

• 5~12W • 0.5~1W 



If current flows  
more than setting level, 
trip after set time 

The characteristic curve  
similar to thermal characteristic  
of a motor   

Definite Inverse Thermal inverse 

Remember the  

thermal accumulation amount 

of previous operation  

when re-start a motor 

 

If the status is recognized as 

overheating, delay re-starting 

operation. After cooling, let 

the motor start 

 Thermal inverse is  

same as  

Thermal overload relay  

Trip 
class 

Tripping time TP(sec)  
at 7.2 times 

10A 2 < TP ≤ 10 

10 4 < TP ≤ 10 

20 6 < TP ≤ 20 

30 9 < TP ≤ 30 

http://www.google.co.kr/url?sa=i&rct=j&q=motor starting current&source=images&cd=&cad=rja&docid=SFGfAKH3J4lQLM&tbnid=6Wt4vybLnigoNM:&ved=0CAUQjRw&url=http://www.electrical-installation.org/enwiki/Asynchronous_motors&ei=BiD2UYbuLYfHkAWqr4G4Ag&psig=AFQjCNGWORMaWVw15-pQ0v1LjFDn8e_ReQ&ust=1375170774808222


Overload Trip 

Starting Overload Overload 

Below 
O-Time 

Current (A) 

Operating 
current 

(Ir) 

Setting  
current 
(1.1*Ir) 

D-Time O-Time 



Cold curve 

Operating 
current 

(Ir) 

Setting  
current 
(1.1*Ir) 

Current (A) 

Hot curve 

Lock 

Stall 

Q = ∫ I dt 

Lock 

Under 
current 

Overload Trip 

Starting Overload 

D-Time O-Time 



 Motor Thermal  Limit  

CT ratio = 100 : 5  

Irc = 72x(5/100) = 3.6A (Inv.) 

Locked Rotor 700% 

Operating Time 5sec (Direct starting)  
 

   1) Type : DMP-□Z  

      Ground fault 100mA, 0.1sec 

   2) Type : DMP-□I  

      Short circuit 15 x In, 0.1sec  

Short circuit current  

      : Icu > 22kA @ 380V 

Inrush current  12xIn of Motor  

Starting current  7xIn of Motor 

      : Inst = 8~10xIn = 1280~1600A   

AC 380V 37kW 3phase induction Motor, FLC 72A, Lock rotor current 7*In 

T-C Curve  ( LSPS ) 

CB - “TD160N 3P ATU 160A” 

EMPR – “DMP06-S” 



Motor  
Thermal  

Main/Br. CB 
Discrimination 

Short circuit current  

T-C Curve  ( LSPS ) 

( Inst < Isc < 22kA )  

The LSPS menu Reference 

    ( T-C Curve & Discrimination ) 

Over & Under current  

Ground fault or Short circuit 

Phase failure & unbalance 

Reverse Phase  

Operating time setting    

EMPR : Motor Protection 

Coordination of CBs Check  



Fail safe 
/ Normal energy 

N type 

95 98 

95 96 
1 

0 
 

1 

0 

R type 
95 96 

1 

0 
 

1 

0 
95 98 

power Off power On Trip 

Non Fail safe  
/ Normal de-energy 

96 

95 

98 96 

95 

98 96 

95 

98 

96 

95 

98 

* Fail safe : In the event of failure, responds in a way that will cause no harm, or at least a minimum of harm,  
               to other devices or danger to personnel.  

96 

95 

98 96 

95 

98 



Full Load Current  
for the Motor 

IMP settings 
External CT 

Current Selection S/W Wire Tunnel CT ratio 

0.7A or less 

0.5~10A 

4 times 0.25 - 

0.7~1.6A Twice 0.5 - 

1.6~8A Once 1 - 

7~100A 5~100A Once 1 - 

90~120A 

0.5~10A 

Once 30 3CT-150 

120~160A Once 40 3CT-200 

160~240A Once 60 3CT-300 

240~320A Once 80 3CT-400 

320~400A Once 100 500:5 

400~480A Once 120 600:5 

480~640A Once 160 700:5 

Motor Output (KW) 

220V 380V 440 

0.1 0.18 0.2 

0.25 0.55 0.6 

1.5 3 3.7 

25 45 55 

30 55 55 

45 75 90 

55 110 132 

90 160 160 

110 200 200 

132 250 250 

160 320 320 

Rated current setting range of TOR : Max./Min. = 1.4 ~ 1.6 

Rated current setting range of EMPR : Max./Min. = 5 ~ 20  

     3~15 times wider current setting range compare to TOR    

Applicable to load which is smaller than minimum rating 
through enhancing number of CT penetration 

When applying to External CT(option), available up to 900A 

Tunnel  

Type  

0.7 5 100 640 ~  

EMPR 
only 

More CT 
penetration 

Use 
external CT 



GMP Series DMP Series IMP Series 

Protection 

Over-load, Stall/Lock** 

Reverse Phase**  

Under Current** 

Phase-failure/Unbalance** 

Ground fault** 

Over-load, Stall/Lock 

Reverse Phase  

Under Current 

Phase-failure/Unbalance 

Ground fault** 

Short-circuit** 

Over-load, Stall/Lock 

Reverse Phase,  

Under Current 

Phase-failure/Unbalance 

Ground fault 

Short-circuit 

Tripping Class 
Class 5~30 Cover  

Definite time 

Class 5~30 Cover  

Definite time 

Class 5~30 Cover  

Definite time 

Communication - - 
RS485, Modbus (M485) 

Analog 4~20mA Output  

Used with 
Contactor 

Applied Metasol MC 

Separate mounting 
Separate mounting Separate mounting 

Motor Current 
0.3~60(80)A 

60~900A (with CT) 

0.5~60(80)A 

60~900A (with CT) 

0.5~100A 

100~900A (with CT) 

Type 

GMP22,40-2~3P,T,S(D,A) 

GMP60-T,TE,TA 

GMP60-3TN,TZ 

GMP80-2~3S 

GMP60-TD(a) 

DMP06,36,60-T,S(a) 

DMP06,36,60-TZ,SZ(a) 

DMP06,36,60-TI,SI 

IMP-C-M485 

IMP-C-A420 

IMP-C-NO 

** 내용 넣을 것 



• Phase unbalance : over 50%, trip within 5 sec. 
• Phase loss : over 70%, trip within 3 sec, (3CT type) 
• Reversed phase : Trip within 1 sec.  

 Wide range of current setting (0.3~80A) 

 Various connection & mount(pin, tunnel, screw) 

 Inverse or definite time protection mode 

 Display the causes of the fault by LED 

 Protective functions 

 Combined with contactors   

EMPR Magnetic Contactor 

GMP22-2P/3P/3PR MC-9b/12b/18b/22b 

GMP40-2P/3P/3PR MC-32a/40a 

2P/T/S  3P/T/S 3PR/TR/SR 3TN/TZ 3TNR/TZR TDa 

Overcurrent ■ ■ ■ ■ ■ ■ 

phase loss ■ ■ ■ ■ ■ ■ 

lock/stall ■ ■ ■ ■ ■ ■ 

phase unbalance ■ ■ ■ ■ 

reversed phase ■ ■ 

ground fault ■ ■ 

undercurrent  ■ 

Various protections  

with economic  

and compact 



 Direct connection of MC is available on GMP series only 

Mounting 
Direct connection of MC 
DIN-Rail 
Screw 

Wiring 
Direct connection of MC 

Terminal connection with Cable/BUS or Penetration 

<DIN-rail> <Tunnel> 

Combination with 
Metasol contactors 
for compact motor 
starters 

<Direct connection> <Screw> 

35mm DIN-rail  
easy mounting 

With CT, increase the 
current setting range   

Tunnel – Screw, 
easily changed  



Turn the RC to counter-clockwise and stop at O.L flashing point  

Rotate it to clockwise and stop at O.L off point 

Check whether the set current value is less than the full load 

current of the motor 

① 

② 

Operating time setting 

Operating current setting 

D-Time : Normally 3~5 sec. setting 

O-Time : Normally 4~6 sec. setting 

 Rated current can be set precisely in detail according to the load current. 

 Operating-time and Delay-time setting makes overload protection more accurately 

 Trip causes and the status can be checked via LED flashed. 



Operating status Tripped status 

Condition LED Status LED Diagram Condition LED Status LED Diagram 

Normal LED off Overcurrent O.L LED light up 

Overcurrent 0.4 second intervals Phase failure-R 1 time for 3 seconds 

Phase unbalance 
(30~50%) 

0.4 second intervals Phase failure-S 
2 times for 3 

seconds 

Phase failure-T 
3 times for 3 

seconds 

Phase failure(2CT) 
light up for 0.9 sec 
goes off for 0.1 sec 

Reverse phase(3CT) 
Red & Green LED 
flicker alternately 

 

 

 
 

 

0 

 ̀

 

0 

0 `0 

 Rated current can be set precisely in detail according to the load current. 

 Operating-time and Delay-time setting makes overload protection more accurately 

 Trip causes and the status can be checked via LED flashed 

State check by LED 



GMP 2 22 P 

Frame 
Nominal 
Current 

Type 

22 

1.5A 

P, S, T* 

5A 

22A 

40 
20A 

40A 

60 

06A 

T* 30A 

60A 

80 80A S* 

R a 220 1.5A 1a1b Sol 

CT Type 

2 2CT 

3 3CT 

Type 

P Direct Coupling(Pin) 

S 
Terminal 

Connection(Screw) 

T Penetration(Tunnel) 

TE Economic 

PD 
Direct Coupling 
(Definite Time) 

TD 
Current Display 
(Definite Time) 

TZ 
Ground Fault Protection 
(Zero-Phase Sequence 

Current Detection) 

TN 
Ground Fault Protection 
(Residual Current Detection) 

Reverse Phase 

- 
No reverse 
protection 

R 
Reverse protection 

available 

A Automatic recovery 

Classification 

- Existing model 

a 
Operation time 

function 

Nominal 
Current 

Current Adjustment 
Range (A) 

1.5A 0.3~1.5 

5A 1~5 

22A 4.4~22 

20A 4~20 

40A 8~40 

80A 16~80 

06A 0.5~6 

30A 3~30 

60A 0.5~6 

Control Voltage 

110/220 AC 100~160V 

24 AC 24V 

48 AC 48V 

110 AC 110V 

220 AC 220V 

380 AC 380 (440V) 

Aux. contactor 

1c(N) 

1a1b 

Model Type 

- 
Terminal(Screw) 

Penetration(Tunnel) 

Sol 
Metasol direct 
coupling(Pin) 

Note) When the power  
        is applied, the  
        system is in the  
        contacting status 
Note) 1c(R) type is optional 

Note) AC24V, AC48V and 
        AC380(440)V are 
        for GMP60T 

Note) For GMP60-TD,  
        GMP60-TDa 6/60A, 
        GMP60-3TZ(R), 3TN(R), 3T(R)  

* Refer to ‘Type’ for details 



 Protective functions 

 Digital measuring and displaying 

     - Display digital ampere-meter 

     - Save the causes of the fault and the value 

     - Display motor load rate by graph 

 Install the Unit / Extension type in one body 

S, Sa, T, Ta SZ, SZa, TZ, TZa SI, TI 

Overcurrent ■ ■ ■ 

phase loss ■ ■ ■ 

lock/stall ■ ■ ■ 

phase unbalance ■ ■ ■ 

reversed phase ■ ■ ■ 

undercurrent  ■ ■ ■ 

ground fault ■ 

Instantaneous ■ 

The best item to MCC   
- variety protection 
- current display  
- detachable display unit  

 Applicable to inverter control circuit (20~200Hz) 

 Optional functions (DMP-a type) 

     - Storing up the last fault cause 

     - Storing up motor operation hours 

     - Checking replacement cycle of motor bearing    

       by alarming 



* Refer to ‘Type’ for details 

FUNC SEL Description 

1nu / dEF Inverse / Definite 

0~30 Displayed only in case of definite  

oFF / on Reverse phase 

oFF / 30~70 (%) Undercurrent 

oFF / 60~110 (%) Alarm (SE, TE : standard type) 

oFF / 0.05~1 (SEC) Ground fault (Z : ground fault type) 

oFF / 300~1800 (%) Instantaneous ( I : short circuit type) 

oFF / on Stall (During operation) 

oFF / 200~900 (%) Lock (Starting) 

1~120 Current ratio setting 

on / oFF Phase loss and Unbalance 

Sto Save 

R phase 

S phase 

T phase 

Current knob Time knob 

Bar graph 
FUNC 

TEST/RESET 

SEL 

DISPLAY 



Note)  
1. UNDERCURRENT is based on the  
   current knob settings 
     ex) current knob set as 10A 
          setting 30%  under 70A operating 
          setting 70%  under 30A operating 
2. If Pass the STO Mode without saving,  
   must reset all mode 
 

Push  
TEST/RESET 

Push FUNC Push SEL Push FUNC 
select ON/OFF 

by SEL  

Push FUNC 
select  

OFF/30 70% 
by SEL Push FUNC 

select the  
setting value 

by SEL 

Push FUNC 

select  
ON/OFF 
by SEL  

Push FUNC select  
OFF/200 900% 

by SEL Push FUNC 

select  
1  120 
by SEL 

Push FUNC 

select  
ON/OFF  

by SEL  

Push SEL 

Push SEL 

Push FUNC 
Set on the time 

by SEL 

Push FUNC 

 OFF/60  110% 

 OFF/0.05  1sec 

 OFF/300  1800% 



O-time     
(Display only in 
definite time) 

R 

S 

T 

R phase current 

S phase  
current 

T phase  
current 

Rated current 

Motor  
starting time 

Normal state 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

Overcurrent 
R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

Turn on & off 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

R 

S 

T 

Undercurrent 

Phase Fail 

Stall 

Lock 

Reverse phase 

Ground fault 

Short circuit 

The highest value among 3-phase current is 

displayed at normal state 

Display is changed when push the [DISPLAY] 

button 

Display is returned to normal state without 

any button control during 3~4 sec 

Cause of fail is displayed and 

flicker for 0.5sec interval when 

a trip occurred,  

Checking the detail value of 

fail is possible as push the 

[DISPLAY] button 

Setting state  
check 

Trip cause  
check 



Current display  ammeter is unnecessary 

Various cause of failure display 

You can check the values 

and the causes of the fault 

without opening the 

distribution panel door 



DMP S 06 Z a 220 

Current Adjustment  
Range 

06 0.5~6A 

36 3~36A 

60 5~60A 

Option 

- Standard model 

Z 
Ground fault 
protection 

I 
Short circuit 
protection 

Wiring 

S 
Terminal 
(Screw) 

T 
Penetration 

(Tunnel) 

Classification 

- Existing model 

a 
Operation time 

function 

Control Voltage 

220 AC 220V 

110 AC 110V 

1a1b 

Aux. contactor 

1a1b 

2a 

2b 

2a1b 

Aux. contact 95-96 97-98 07-08 

SE – standard b(OL) * a(OL) a(AL) 

SEZ – ground fault protection 
2a a(OL) a(GR) 

ZCT input 
2b b(OL) b(GR) 

SEI – short circuit protection b(OL) * a(OL) a(SR) 

* Contact … when power applied  



 Protective functions 

▶ Undercurrent  

    . No-load operation   ex) separation of motor shaft   

    . Pump idling            ex) no water 

     30~70% of rate current. Trip within 3 sec. 

▶ Stall/Locked rotor 

    . Locked rotor → increase the load current  

    . Load torque > motor torque 

▶ Ground fault 

    . Zero current and residual current sensing 

IMP-c 

Overcurrent ■ 

phase loss ■ 

lock/stall ■ 

phase unbalance ■ 

reversed phase ■ 

undercurrent  ■ 

ground fault ■ 

Instantaneous ■ 

Provide optimal safety and 
reliability to demanding 
industrial motor protection 
& monitoring  

Communication 

4~20mA  
Analog 

MODBUS  
/ RS-485 

 Wide current setting range (0.125~100A) 
 External CT, ZCT and connection cable compatible 

with the DMP 



Can select suitable ground fault protection method depending on the way of ground 

 - Residual circuit (Off, 20~500% (FLCmin)) 

 - Zero sequence CT (Off, 0.03, 0.05/0.1~3A) 

Non-grounded system 

(zero phase current) 

Direct grounding system 

(residual current) 

. Dozens of mA unit zero phase current        

  can be detected 

. When using GPT, Ampere-level fault current 

  can be generated 

. Detect by residual current method  

  up to hundreds ampere  

. In theory, at least more than  

 20% of the rated current is reliable 



Operation mode       : Differential 

Band rate                : 9600, 19200, 38400 bps 

Distance                  : Max. 1.2km 

Transmission    method   : Half-Duplex 

Max. I/O voltage       : -7V ~ +12V 

Line                        : General RS-485 shielded  

                               twist 2-pair cable 

Modbus RS-485 Comm. 

DC 4~20mA analog signal 

<Analog output when the output set as 0.5A and 5A> 

Output current =                   x load current + 4mA 

 

 * setting change at [A.t-d] of [b-gr] 

Setting value 

16mA 

TD 

Upto 247ea 

Compose an economical 

protection & monitoring 

system by using            

Modbus RS-485               

and 4~20mA analog 



IMP A420 C 

Protected Factors 

C Current 

Communication 

NO None 

A420 4~20mA Output 

M485 MODBUS RS-485 




