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Abstract: Protecting electric motors in ATEX areas is very important to prevent the 

risk of explosion and ensure the safety of personnel and equipment in the area. To ensure 

adequate protection, a number of safety factors must be considered, including the design and 

construction of electric motors, electrical connections, and the qualification and training of 

personnel who install and maintain them. In this context, the protection of the electric motors 

within these on board installations is necessary, even mandatory, as the ships have potentially 

explosive areas. Most protection relays protect electrical motors against overheating in the 

windings and overloads or inadequate cooling and the basic size is determined by the intensity 

of the electric current. The disadvantage of these relays is that they do not detect the real 

temperature of the motor windings. Along with the evolution of electronics, ATEX certified 

protection relays have also developed significantly. This paper aims to present the technical 

solution of the protection of electric motors in HVAC installations on board ships with 

explosive potential. At the end of the paper a CAD application is presented to simulate the 

operation of the ATEX thermistor motor protection relay. 
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1. INTRODUCTION 

 

A multitude of electric motors, of different sizes and types, are found on board 

ships. No ship, whether commercial or military, is without HVAC installations. In this 

context, the protection of electric motors within these installations is necessary, even 

mandatory, as ships have potentially explosive areas [1], [3], [12], [14], [17], [20]. 

 Protecting electric motors in ATEX areas is extremely important to prevent the 

risk of explosion and ensure the safety of personnel and equipment in the area. [5], [9], 

[25]. To ensure adequate protection, a number of safety factors must be taken into 

account, including the design and construction of the electric motors, the electrical 
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connections and the qualification and training of the personnel who install and 

maintain them [2], [8], [11], [13], [15], [16], [19]. 

 

2. PTC-THERMISTOR RELAY TYPE U-EK230E FOR ATEX 

ELECTRIC MOTOR PROTECTION 

 

The relay protects electrical equipment against excessive warming and thermal 

overload. If this is used in combination with adequate temperature sensors (e.g. 

thermistors) tripping temperatures from 60 °C up to 180 °C can be realized [7]. The 

relay is conform to EN 60947-8 and temperature sensors (thermistors) according to 

DIN VDE V 0898-1-401 (ATEX) or equivalent detail specification (UKEX) shall be 

connected.  The temperature sensors are suitable for mounting into windings of electric 

motors or power transformers, bearings and heatsinks as well as to monitor the 

temperature of liquid media, airflow and gases. With ATEX approval, equipment in 

explosive gas atmospheres Zone 1 and 2 (marking G: gas) or in areas with combustible 

dust Zone 21 and 22 (marking D: dust) can be protected.  

All protection functions of this thermistor relay serve to protect non-explosive-

protected equipment and explosive-protected equipment in regular operation and in 

case of failure [4], [6], [10], [18], [21], [24]. 

Figure 1 shows the circuit diagram for the single-phase or three-phase 

connection [11]. 

 

 
Fig.1. Single phase and three phase circuit diagram 

 

The principal features of relay are: 

• 1 thermistor circuit for 1 (not allowed for explosive atmospheres), 3 or 6 PTC 

thermistors “TP” connected in series. 

• Short-circuit detection within the thermistor circuit. 
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• Output relay with 1 change-over contact (co). 

• Operating status display 

The principle of the relay operation is simple. A current monitors continuously 

the resistance of the thermistor circuit. In cold state, the resistance is ≤ 250 Ω per 

thermistor (thermistor circuit ≤ 1.5 kΩ). The relay is switched on his contacts 11, 14 

are closed. The resistance of the thermistors rises rapidly at sensor operating 

temperature TNF. The relay switches off at a resistance of 3…4 kΩ and his contacts 

11, 12 close. The relay also switches off in the case of detector or line short-circuit (< 

approx. 20 Ω) or detector or line interruption. The relay remains switched off until the 

build in or an external reset button is pressed. Power-on is recognized as reset action. 

With bridged terminals Y1, Y2, the reclosing lock function is disabled [22], [23], [26]. 

Function diagram of the relay is presented in fig.2. The device switches on 

automatically in case of a supply voltage dip 

 

 
Fig.2. Basic function diagram 

 

Figure 3 shows the connection mode with a bridge at the reset input relay 

(Y1/Y2) the reclosing lock is out of operation. In this case the relay switches back 

automatically, when the temperature of the thermistor circuit has fallen below the 

switchback value. 

 

 
Fig.3 Inputs (Y1 and Y2) bridge connection mode 
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The relay must be installed outside ATEX area (gas area Zone 0, 1 and 2) 

unless the device is protected by a suitable ignition protection type (pressurized 

enclosures or flameproof enclosures). 

 

3. CAD SIMULATION 

 

The CAD simulation created in Matlab, using App Designer, aims to present a 

simplified simulation of the principle operation of the U-EK230E PTC Thermistor 

assembly. The application has two components: the code and the design. Both can be 

easily accessed from the main App designer window. 

 Initially, the design was created, according to fig. 4. It contains the following 

elements: the system tripping device, an integrated circuit breaker (motor starter) and 

the electric motor. 
 

 
Fig.4. Graphical components of the CAD application 

  

After finalizing the CAD configuration, the code was written, using callbacks 

for each element, as can be seen in fig.5. 
 

 
Fig.5. Graphical simulation code program 
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The steps to simulate the application are: 

1. Press the START button. The electric motor starts and a green LED comes on 

to indicate this (fig.6). 

2. Using the temperature sensor that is mounted on the stator windings of the 

motor, the temperature is monitored, and when it reaches the preset value 

(insulation class temperature), an integrated switch opens, thus stopping the 

motor. and the red LED of the relay lights up (fig.7). 
 

 
Fig.6. Start (run) electric motor 

 

 
Fig.7. Protection tripping (motor stop) 

 

3. When the temperature drops enough for the motor to operate safely, the red 

LED of the relay lights up. At this point, the RESET button can be pressed to 

restart the motor safely (fig.8). 
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Fig.8. Relay reset mode 

 

4. CONCLUSIONS 

 

PTC thermistors are used in a wide range of applications, such as temperature 

control, overload protection, liquid level detection, and more. For example, a PTC 

thermistor can be used to monitor the temperature of an electric motor. If the 

temperature exceeds a specified value, the thermistor's resistance increases sharply, 

which can trigger a protective device to stop the motor and prevent overheating. 

Some of the advantages of the PTC thermistor include: 

• High sensitivity to temperature changes: PTC thermistors are very sensitive 

to temperature variations, making them ideal for applications that require 

precise temperature monitoring. 

• High electrical resistance at high temperatures: Once the temperature exceeds 

a specified value, the resistance of the PTC thermistor increases sharply, 

making it useful for protecting circuits from overloads. 
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• Reliable operation: PTC thermistors are reliable and robust, and because they 

have no moving or mechanical parts, they have a longer lifespan than other 

types of temperature sensors. 

• Low cost: The cost of PTC thermistors is relatively low compared to other 

types of temperature sensors, making them a popular choice for industrial and 

commercial applications. 

• Compact size: PTC thermistors are small and compact, making them ideal for 

applications where space is limited. 
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