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Device for monitoring the insulation and/or continuity of at least one electric cable 

and associated monitoring method  

This invention concerns a monitoring device and method for monitoring the 

insulation and/or continuity of at least one electrical cable comprising a plurality of 

electrical wires. 5 

For example, the invention concerns the field of naval vessels. 

The electrical insulation and/or continuity of cables on board naval vessels must be 

regularly monitored.  

Naval vessels comprise a very large number of cables to be tested. 

There are devices for monitoring the insulation and/or continuity of electrical cables 10 

that necessitate numerous manipulations by operators in order to carry out the 

measurements.  

In particular, the operator must manually connect the electrical wires of the cable, 

one by one, to the monitoring device, and manually enter the measurement settings. 

It takes a relatively long time to test the insulation and/or continuity of the electrical 15 

wires of the cable and any measurement errors. 

Additionally, the continuity and/or insulation of cables must be tested in cramped 

spaces. Thus, this is relatively inconvenient for the operator. 

One objective of this invention is to propose a device for monitoring the insulation 

and/or continuity of at least one electrical cable that allows for the insulation and/or 20 

continuity measurement process to be simplified. 

According to a first aspect of the present invention, there is provided a monitoring 

device for monitoring the insulation and continuity of at least one electrical cable including 

a plurality of electrical wires, the device comprising a measuring circuit that can be 

connected to the electrical wires of the cable, the measuring circuit comprising: 25 

- a measuring stage comprising at least one voltage generator;  

- a switching stage that can be connected to the measuring stage, suited to 

connect each electrical wire automatically and successively to the measuring circuit and 

suited to connect the measuring circuit to ground; 

- a looping stage of the measuring circuit that can be connected, electrical wire to 30 

electrical wire of the cable, to the switching stage; 

the looping stage being configured to operate automatically in two modes, insulating and 

resistive, respectively associated with the monitoring of the insulation and the monitoring 

of the continuity of the electrical cable. 

The device according to the invention may comprise one or more of the following 35 

features, taken individually or in all combinations technically feasible: 
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- the polarity of the looping stage in the insulating mode is the reverse of the 

polarity of the looping stage in the resistive mode; 

- for each wire, the looping stage comprises at least one component for the 

unidirectional passage of electrical current, wherein each component for the unidirectional 

passage of electrical current is turned on when the looping stage is in the resistive mode 5 

and is blocked when the looping stage is in the insulating mode; 

- for each wire the looping stage comprises at least one resistor with the at least 

one unidirectional component; 

- the switching stage comprises electronic switches, in particular CMOS switches; 

- the electronic switches are automatically controlled by a shift register; 10 

- the measuring stage comprises, connected in series to the voltage generator, a 

measuring resistor, wherein the voltage at the terminals of the measuring resistor being 

suited to be measured and representative of the quality of the insulation and/or the 

continuity of each electrical wire of the cable; 

- the voltage generator is a variable voltage generator; 15 

- the monitoring device is transported manually and comprises a battery, and  

- the voltage generator is galvanically isolated from the electrical assembly (i.e. 

electrical system) comprising the cables to be tested, which results in galvanic isolation of 

the voltage generator from the electrical system of the naval vessel. 

According to a second aspect of the present invention, there is provided a method 20 

for monitoring the insulation and/or continuity of at least one electrical cable including a 

plurality of electrical wires, the method being automatically carried out by a monitoring 

device as defined in the first aspect, wherein the monitoring device comprises a 

measuring circuit that can be connected to the electrical wires of the cable, the measuring 

circuit comprising: 25 

- a measuring stage comprising at least one voltage generator; 

- a switching stage, that can be connected to the measuring stage, suited to 

connect each electrical wire automatically and successively to the measuring circuit and 

suited to connect the measuring circuit to ground; 

- a looping stage of the measuring circuit that can be connected wire to wire to the 30 

switching stage; 

the method comprising the following steps, carried out automatically by the 

monitoring device: 

- receipt of input data via an interface of the monitoring device, 

- depending on the value of the input data, activating automatically and 35 

successively two modes of the looping stage, insulating then resistive or resistive then 

insulating, the insulating mode being associated with the monitoring of the insulation, the 

resistive mode being associated with the monitoring of the continuity of the electrical cable, 
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- measuring the voltage at the terminals of a measuring resistor of the measuring 

stage, after the successive connection of each electrical wire of the at least one cable to 

the measuring circuit by the switching stage of the measuring circuit until an insulation 

and/or continuity failure of the electrical wire is detected, or until all of the electrical wires 

of the said at least one cable are connected. 5 

The invention will be better understood based on the following description, which is 

provided by way of example only and without limitation, and by reference to the attached 

drawings, which show: 

- fig. 1 is a mimic diagram of a device for monitoring insulation and/or continuity 

according to the invention,  10 

- fig. 2 is a schematic view of a measuring circuit of the monitoring device 

according to the invention, 

- fig. 3 is a view of a human-machine interface suited to be displayed on a user 

interface of the device of fig. 1, 

- fig. 4 is a view of another human-machine interface suited to be displayed on a 15 

user interface of the device of fig. 1, 

- fig. 5 is a schematic view of the front surface of a first housing of the monitoring 

device of fig. 1, 

- fig. 6 is a schematic view of the rear surface of the first housing of fig. 5, and  

- fig. 7 is a front view of a second housing of the monitoring device of fig. 1. 20 

Fig. 1 is a mimic diagram of a device 10 for monitoring the electrical insulation 

and/or continuity of an electrical cable 12, suited to test the electrical insulation and 

continuity of the electrical cable 12.  

As is known, the electrical cable 12 comprises a plurality k of electrical wires 14. 

For example, the electrical cable 12 comprises up to 63 electrical wires, in which case, 25 

k=63. In order to simplify this description, only a single electrical wire 14 of the cable 12 is 

shown in fig. 1. 

Testing the insulation of the electrical cable 12 consists of testing the electrical 

insulation of the conductive electrical wires 14 of the cable 12 from one another, as well 

as the electrical insulation between each electrical wire and ground m. 30 

Testing the continuity of the electrical cable 12 consists of testing the electrical 

continuity of at least one wire 14 of the cable 12, i.e. testing that the current i circulates 

over the entire length of the wire 14 between its two ends. 

The monitoring device 10 comprises a measuring circuit 16 that can be connected 

between the two terminals of each electrical wire 14 of the cable 12 and a user 35 
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interface 18 connected to the measuring circuit 16 that allows for measurement 

information to be conveyed to the user.  

The measuring circuit 16 comprises a measuring stage 20 comprising at least one 

voltage generator 22 and a measuring resistor 24 connected in series to the voltage 

generator 22. 5 

In this example, the voltage generator 22 of the measuring stage 20 is a variable 

voltage generator, for example, having a voltage U of up to 500 V. For example, various 

voltages U, of 50 V, 250 V, 500 V, can be generated by this same variable voltage 

generator. The measuring resistor 24 has a value Rmes of 20.2 MΩ. For example, the 

measuring resistor 24 comprises a first 200 KΩ resistor and a second 20 MΩ resistor, 10 

mounted on a divider bridge, such that the voltage at the terminals of the weaker of the 

two resistors, i.e. the second resistor, is proportional to the fault current i circulating 

between two wires during an insulation measurement.  

The voltage at the terminals of the weakest of the two resistors forming the 

measuring resistor 24 is always less than 5 V, the maximum measurement range for the 15 

acquisition stages no matter the test voltage, i.e. the voltage generated by the variable 

voltage generator and the serially connected fault resistor, i.e. the first resistor. 

The measuring circuit 16 further comprises a switching stage 25 connected to the 

measuring stage 20 and a first end 12A of the electrical cable 12. The switching stage 25 

is suitable for connecting each electrical wire 14 of the cable 12 automatically and 20 

successively to the measuring circuit 16 and/or the measuring circuit 16 to ground m. 

The switching stage 25 comprises switches 251, 252, 253, 25m, 261, 262, 263, 26m 

(shown in fig. 2), such as electronic switches, for example CMOS (Complementary Metal 

Oxide Semiconductor) switches.  

For example, the switches 251, 252, 253, 25m, 261, 262, 263, 26m are incorporated 25 

into commutation cards, for example four commutation cards, each including a shift 

register suitable for controlling control the switches of the card. A shift register, as is 

known, comprises a group of synchronous latches suited to transmit a control signal to the 

switches 251, 252, 253, 25m, 261, 262, 263, 26m. 

As shown in fig. 1, the switching stage 25 is connected to a first end 12A of the 30 

cable 12, in particular to a first terminal of the wire 14. 

The measuring circuit 16 further comprises a sequencer 27 connected to the 

switching stage 25 and suitable for monitoring the switching stage 25. 

The sequencer 27 comprises a microcontroller of known type (not shown), such as 

a programmable microcontroller. In particular, the microcontroller comprises a central 35 

processing unit (CPU), a program memory, and a data memory suitable for processing 
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calculation results, and input and output ports suitable for connecting the microcontroller 

to the other elements of the monitoring device 10, in particular the measuring stage 20.  

A programmable microcontroller is a sequential logic circuit operating at the 

rhythm of a clock signal.  

Thus, with each clock pulse, the number represented by the synchronous latches 5 

of the shift registers of the commutation cards is updated, and a control signal is to be 

sent to the switches to connect and disconnect an electrical wire 14 or ground m from the 

measuring circuit 16. 

The measuring circuit 16 also comprises a looping stage 28 suitable for being 

connected to a second end 12B of the cable 12.   10 

The looping stage 28 is configured to operate automatically in at least one of two 

modes, insulating or resistive, respectively associated with the monitoring of the insulation 

or the monitoring of the continuity of the electrical cable 12. 

For each electrical wire 14, the looping stage 28 comprises at least one 

component for unidirectional passage of electrical current, such as a diode 30, for 15 

example a rectifier diode, and a resistor 32.  

Thus, as shown in fig. 1, the second terminal of the wire 14 is connected to a diode 

30 and a resistor 32, which in this example are mounted in series to the diode 30. 

The user interface 18 is connected to the sequencer 27 and the switching stage 25 

of the measuring circuit 16. 20 

The user interface 18 comprises a screen 36, such as a touchscreen, and 

optionally a keyboard 37 with which a user can enter the value of input data of the 

monitoring device 10. For example, the keyboard 37 is a touch keyboard intended to be 

displayed on the touchscreen 36. 

By reference to fig. 2, the measuring circuit 16 of the monitoring device 10 will be 25 

discussed in detail below.  

To simplify this description, the measuring circuit 16 is connected to an electrical 

cable 12 comprising three electrical wires 141, 142, 143.  

In this figure, it can be seen that the measuring stage 20 is connected to the 

switching stage 25. The figure also shows the looping stage 28, also referred to as a ‘plug’, 30 

connected to the second terminal of each wire 141, 142, 143, 

The metal armour of the cable 12, electrically connected to the grounds of the 

connectors of the cable 12, is suitable for connecting the measuring stage 20 to the 

looping stage 28.  For ease of understanding, the armour of the cable 12 is shown by a 

wire 41 in fig. 2. The wire 41 is connected to ground m. 35 
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The switches 251, 252, 253, 25m, 261, 262, 263, 26m of the switching stage 25 form 

pairs of switches, i.e. (251 -261), (252 -262), (253 -263), (25m-26m). One of the terminals of 

each pair of switches is suitable for being connected to the first terminal of each electrical 

wire 141, 142, 143 or the wire 41, respectively. The other terminal of each pair of switches 

is suitable for being connected to the measuring stage 20. 5 

In other words, one of the terminals of each switch 251, 252 253, 261, 262, 263 is 

connected to the measuring stage 20, and the other terminal of each switch 251, 252 253, 

261, 262, 263 is suitable for being connected in series to the first terminal of each electrical 

wire 141, 142, 143, respectively. 

Each switch 251, 252, 253, 25m, 261, 262, 263 is suitable for being automatically 10 

controlled between two positions p1, p2. In the open position p1, the current i is not able to 

traverse the electrical wire 141, 142, 143 to which each pair of switches 251 -261, 252 -262, 

253 -263 is suited to be connected, the switches 251, 252, 253, 261, 262, 263 not connecting 

the wire 141, 142, 143 to the measuring circuit 16. In the closed position p2, the electrical 

current i is able to circulate via the electrical wire 141, 142, 143 to which one of the 15 

switches of each pair of switches 251 -261, 252 -262, 253 -263 is respectively connected, the 

switches 251, 252, 253, 261, 262, 263 being configured to connect the wire 141, 142, 143 to 

the measuring circuit 16.  

For each wire 141, 142, 143, the looping stage 28 comprises a branch 401, 402, 403, 

with each branch 401, 402, 403 comprising a diode 301, 302, 303 that is connected in series 20 

to a resistor 321, 322, 323. The three resistors 321, 322, 323 have the same value R. 

Additionally, the wire 41 connects the measuring stage 20 to the first branch 401 of 

the looping stage 28 via the switching stage 25. 

Thereafter, it should be noted that the anode and the cathode of a diode 301, 302, 

303 are defined in relation to the forward direction of the diode 301, 302, 303. 25 

More specifically, the anode of each diode 301, 302, 303 is respectively connected 

to the resistor 321, 322, 323 of the same branch 401, 402, 403, and the cathode of each 

diode 301, 302, 303 is connected to the second terminal of each wire 141, 142, 143. 

Additionally, the anode of the diode 302 of the second branch 402 is connected to 

the cathode of the diode 301 of the first branch 401 via the resistor 322 of the second 30 

branch 402, and the anode of the diode 303 of the third branch 403 is connected to the 

cathode of the diode 302 of the second branch 402 via the resistor 323 of the third branch 

403.  

In other words, the resistor 322 of the second branch 402 is connected between the 

first wire 141 and the diode 302 of the second branch 402, and the resistor 323 of the third 35 
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branch 403 is connected between the second wire 142 and the diode 303 of the third 

branch 403. 

Thus, the anode of the diode 301 of the first branch 401 is connected to ground m 

via the resistor 321 and the wire 41. The cathode of the diode 301 is connected to the 

anode of the diode 302 of the second branch 402 via the resistor 322. The cathode of the 5 

diode 302 is connected to the anode of the diode 303 of the third branch 403 via the 

resistor 323. 

In the embodiment shown in fig. 2, the monitoring device 10 is suitable for 

monitoring the continuity of the cable 12.  

The ground m, which is suited to be connected to the measuring stage 20 via the 10 

switch 25m or 26m, and the ground m of the looping stage 28 are all connected to one 

another, and can be switched to one of the poles of the voltage generator 22 by means of 

the switches 25m or 26m.  

In this example, during the continuity measuring phase, the switch 26m is closed, 

and the switch 25m is open. Thus, the wire 41 is connected to the positive pole of the 15 

measuring stage 20, so as to form a closed circuit in case of continuity of the tested wire. 

The voltage generator 22 is galvanically isolated from any voltages present in the 

electrical system of the naval vessel being monitored in order to ensure the protection of 

persons from electrical hazards and avoid any disruption of the measurements. For 

example, this requirement can be met by using a battery as a power source for the 20 

voltage generator 22. 

Additionally, given the polarity of the measuring circuit 16 determined by the 

voltage generator 22, as shown in fig. 2, the looping stage 28 is configured in resistive 

mode. 

In this mode, the diodes 301, 302, 303 are turned on. In other words, the current i, 25 

as shown in fig. 2, is able to circulate within the wire 41 and within each branch 401, 402, 

403.  

The sequencer 27 is suitable for connecting/disconnecting any of the wires 141, 

142, 143 automatically (i.e. without the manual intervention of an operator). 

Each wire 141, 142, 143 is identified by its reference number n. In the example of fig. 30 

2, n= {1,2,3}, in other exemplary embodiments, n={1,…,k} where k=63. 

When the wire 141 (i.e. the wire having the reference number 1) is connected to 

the measuring circuit 16, the wire 141 is connected in series to the first branch 401, and 

the other wires 142 and 143 are not connected to the measuring circuit 16. Only one 

resistor 321 of the feedback circuit 28 is connected to the measuring circuit 16. 35 
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When the wire 142 (i.e. the wire having the reference number 2) is connected to 

the measuring circuit 16, the wire 142 is connected in series to the first branch 401, and 

the other wires 141, 143 are not connected to the measuring circuit 16. The current i is 

capable of traversing the first branch 401 and the second branch 402, connecting the 

resistors 321 and 322 to the measuring circuit 16. 5 

Lastly, when the wire 143 (i.e. the wire having the reference number 3) is 

connected to the measuring circuit 16, the wire 143 is connected in series to the first, 

second, and third branches 401, 402, 403, and the other wires 141, 142 are not connected 

to the measuring circuit 16. The current i is able to traverse the three branches 401, 402, 

403 of the looping stage 28, connecting the resistors 321, 322, and 323 of the looping stage 10 

28 to the measuring circuit 16. 

Depending on the wire identified 141, 142, 143 connected to the measuring circuit 

16, or, in other words, depending on the reference number n of the wire 141, 142, 143 

connected to the measuring circuit 16, a predetermined number of resistors 321, 322, and 

323 is connected to the measuring circuit 16.  15 

In the exemplary embodiment of fig. 2, the number of resistors 321, 322, 323 

connected to the measuring circuit 16 corresponds to the reference number n of the wire 

14n connected to the measuring circuit 16. 

Thus, in this example, the greater the reference number n of the wire 14n, the 

greater the number of resistors with which the wire 14n is connected to the measuring 20 

circuit 16.  

In other words, in the measuring circuit 16 according to the invention, in the 

resistive mode associated with testing the continuity of the cable 12, a resistance gradient 

is generated within the looping stage 28 depending on the reference number n of the wire 

14 of the cable 12. In fact, the more wire-to-wire connections there are with the wires 141, 25 

142, 143, the more resistors 321, 322, 323 will be connected to the measuring circuit 16.  

The measurement voltage Umes at the terminals of the measuring resistor 24 is 

equal to: 

���� =
���	∗�

���	�
∗�
			(1) 

wherein Rmes is the value of the measuring resistor 24, �   is the voltage 30 

generated  by the voltage generator 22, n is the reference number of the wire 141, 142, 143 

connected to the measuring circuit 16 or, in other words, the number of resistors 321, 322, 

323 having the same value of the looping stage 28 that are connected to the measuring 

circuit 16, and R is the common value of the resistors 321, 322, 323 connected to the 

measuring circuit 16. 35 

The value R of each resistor 321, 322, 323 is, for example, 180 Ω. 
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The voltage at the terminals of the measuring resistor 24 is able to be measured, 

and representative of the quality of the continuity of each electrical wire 141, 142, 143 of 

the cable 12. In other words, ‘quality’ refers to the satisfactory continuity of a wire 141, 142, 

143 or a continuity fault of a wire 141, 142, 143 of the cable 12. 

If the wires 141, 142, 143 show no continuity failure, the voltage measurement 5 

Umes measured at the terminals of the measuring resistor 24 for each wire 141, 142, 143 

connected to the measuring circuit 16 is consistent with formula (1). 

In one embodiment, the monitoring device 10 is suitable for monitoring the 

insulation of the cable 12.   

By default, all of the switches 251, 252, 253, 25m, 261, 262, 263, 26m are open, i.e. 10 

they are in the position p1. In the open position p1, the switches insulate the wires 141, 142, 

143 of the measuring stage 20 being monitored. 

When the insulation of the cable 12 is tested by the monitoring device 10, the 

polarity of the voltage generator 22 is suited to be inverted via the switching stage 25 

relative to its polarity in the case of a continuity test. The reversal of the polarity of the 15 

voltage generator 22 causes the looping stage to operate in insulating mode. In other 

words, the feedback circuit 28 insulates the wires 141, 142, 143 from one another. 

More specifically, the polarity of the looping stage 28 in the insulating mode is thus 

also reversed compared to its polarity in the resistive mode. The direction of the current i 

is then reversed compared to the direction of circulation of the current i shown in fig. 2. 20 

The diodes 301, 302, 303 are blocked, and the current i cannot circulate in the looping 

stage 28. The looping stage 28 thus has no functional effect in this mode. 

The sequencer 27 generates switching commands depending on which of the 

wires 141, 142, 143, 41 is being tested.  

To measure the insulation between the wire 141 and the wire 142, the sequencer 25 

27 closes the switches 251 and 262, which then connect the wire 141 to the negative pole 

of the measuring stage 20 and connect the wire 142 to the positive pole of the measuring 

stage 20. If there is an insulation failure between the two wires 141, 142, a fault current will 

circulate between these two wires, and a voltage will appear on the lowest resistor of the 

divider bridge of the measuring stage 20. This voltage will be proportional to the fault 30 

current, from 0 V, if the insulation is infinite, to 5 V, if the insulation is nil. Following the 

measurement, the switches 251 and 262 are opened by the sequencer 27. 

To measure the insulation between the wire 141 and the wire 143, the sequencer 

27 will close the switches 251 and 263, which then connect the wire 141 to the negative 

pole of the measuring stage 20 and the wire 143 to the positive pole of the measuring 35 

stage 20. If there is an insulation failure between the two wires 141, 143, a fault current will 
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circulate between these two wires, and a voltage will appear on the lowest resistor of the 

divider bridge of the measuring stage 20. This voltage will be proportional to the fault 

current, from 0 V, if the insulation is infinite, to 5 V, if the insulation is nil. Following the 

measurement, the switches 251 and 263 are opened by the sequencer 27. 

To measure the insulation between the wire 142 and the wire 143, the sequencer 5 

27 closes the switches 252 and 263, which then connect the wire 142 to the negative pole 

of the measuring stage 20 and connect the wire 143 to the positive pole of the measuring 

stage 20. If there is an insulation failure between the two wires 142, 143, a fault current will 

circulate between these two wires, and a voltage will appear on the weakest resister of the 

divider bridge of the measuring stage 20. This voltage will be proportional to the fault 10 

current, from 0 V, if the insulation is infinite, to 5 V, if the insulation is nil. Following the 

measurement, the switches 252 and 263 are opened by the sequencer 27. 

To measure the insulation between the wire 141 and the armour of the cable 12, 

the sequencer 27 closes the switches 261 and 25m , which connect the wire 141 to the 

positive pole of the measuring stage 20 and connect the wire 41 to the positive pole of the 15 

measuring stage 20. There is no current circulating over the resistor 321, and the diode 

301 of the looping stage 28 due to the reverse voltage on the diode 301. If there is an 

insulation failure between the wire 141 and the armour of the cable 12, represented by the 

wire 41, a fault current will circulate between these two wires, and a voltage will appear on 

the lowest resistor of the divider bridge of the measuring stage 20. This voltage will be 20 

proportional to the fault current, from 0 V, if the insulation is infinite, to 5 V, if the insulation 

is nil. Following the measurement, the switches 261 and 25m are opened by the sequencer 

27. 

The sequencer 27 allows for the generation of all possible permutations 

(measurement between the wire having the reference number 1 and the wire having the 25 

reference number 2, the wire having the reference number 1 and the wire having the 

reference number 3, the wire having the reference number 1 and the wire having the 

reference number n, the wire having the reference number 2 and the file having the 

reference number 3, the wire having the reference number 2 and the wire having the 

reference number n). The sequencer 27 also generates the switching sequences for the 30 

insulation measurements between the wire having the reference number 1 and the wire 

41 (representing the armour of the cable 12), the wire having the reference number 2 and 

the wire 41, …the wire having the reference number n and the wire 41. The switches 25m 

and 26m that connect the armour of the cable, represented by the wire 41, are controlled 

by the 64th path of the sequencer 27 when k = 63. 35 
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For automatic monitoring of insulation and/or continuity, the monitoring device 10 

is activated via the user interface 18. 

Fig. 3 shows a human-machine interface (IHM) 50 suitable for being displayed on 

the screen 36 of the user interface 18 to configure the test to be carried out on the cable 

12. 5 

The interface IHM 50 comprises a first field “C” 52, in which identification data of 

the cable 12 to be tested can be entered and/or referenced from a cable reference list. 

The value of the identification information of the cable 12 to be tested is, for example a 

function of the cable 12, an ID number of the cable 12 appearing on the circuit diagrams 

of the system. 10 

The interface IHM 50 has a second field “V” 54, in which the value of the insulation 

voltage U generated by the voltage generator 22 can be entered and/or selected from a 

selection of voltage U levels. For example, when the field 54 is activated by the finger of 

an operator, a drop-down menu can be shown, listing three choices for the voltage U, 50 

V, 250 V, and 500 V. 15 

The interface IHM 50 also has fields “Fd “ 56 and “Fa”  58, in which identification 

information, for example the reference number n, of starting electrical wire 141 and 

identification information, for example the reference number n, of a destination wire 143 

are entered. In other words, the identification of the starting wire and the selection of the 

destination wire determine the list and the order of the wires 14 of the cable 12 that can be 20 

tested one by one by the monitoring device 10.  

This list of the wires of the cable 12 to be tested is intended to be sent to the 

sequencer 27 by the automatic control of the switches 251, 252, 253, 25m and 261, 262, 263, 

26m of the switching stage 25. 

The interface IHM 50 additionally has buttons to select a type of measurement to 25 

be carried out by the monitoring device 10 from three types of measurement. 

The interface IHM 50 comprises, for example, a first touch button 60 for the first 

type of measurement. When the first type of measurement is selected, the monitoring 

device 10 automatically and successively monitors the continuity of the cable 12 and then 

monitors the insulation of the cable 12.  30 

In one variant, when the first type of measurement is selected, insulation is tested 

before testing continuity. 

The interface IHM 50 comprises, for example, a second touch button 62 for the 

second type of measurement. When the second button 62 is selected, the monitoring 

device 10 can monitor only the insulation of the cable 12.  35 
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Lastly, the interface IHM 50 comprises, for example, a third touch button 64 control. 

When the third button 64 is selected, the monitoring device 10 can monitor only the 

continuity of the cable 12.  

Fig. 4 shows an interface IHM 66 that can be displayed on the screen 36 during an 

insulation or continuity test.  5 

The interface IHM 66 comprises a first field “Cc” 67 identifying the cable 12 being 

tested by the monitoring device 10, a second field “T” 68 indicating the current test, either 

an insulation test or a continuity test, and a third field “nc” 69 indicating the reference 

number(s) n of the wire(s) 14 being tested. 

If the continuity of the cable 12 is being tested, the reference number n of the wire 10 

connected to the measuring circuit 16 is indicated. For example, if the list of cables 12 to 

be tested includes the three wires 141, 142, 143, the reference numbers 1, 2, and 3 will be 

successively displayed in the field 69 at the same time as the corresponding wire 141, 142, 

143 is connected to the measuring circuit 16 by the switching stage 25. 

If the insulation of the cable 12 is being tested the identifiers of the pairs of 15 

wires141, 142, 143, or 41 connected to the measuring circuit 16 are indicated. For example, 

these identifiers comprise the reference number n of the electrical wire(s) 141, 142, 143 of 

the cable 12 that is/are connected to the measuring circuit 16, and the letter m to identify 

the connection of the armour of the cable 12, represented by the wire 41, to the 

measuring circuit 16.  20 

With each new connection of a wire 141, 142, 143, 41, the identifiers of the pairs of 

wires 141, 142, 143, 41 connected to the measuring circuit 16 are updated in the field 69. 

For example, the interface IHM 66 has green indicators 70a, orange indicators 70b, 

and red indicators 70c that can be displayed during an insulation or continuity test, 

representing the nature of the current test.  25 

In some exemplary embodiments, the interface IHM 66 comprises a field 70d, in 

which the insulation and/or continuity faults respectively detected during an insulation 

and/or continuity test can be displayed.  

In the case of an insulation test, the field 70d can identify the wires 141, 142, 143, 

41 of the cable 12, using their reference numbers n, for which an insulation fault has been 30 

detected. 

In the case of a continuity test, the field 70d can identify the wire of the cable 12, 

for example using their reference numbers n, for which a continuity fault has been 

detected.  

The interface IHM 66 comprises a touch button 71 that can stop the current test 35 

whilst it is active. 
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Fig. 5 and 6 respectively show a front and rear view of a first housing 72 of the 

monitoring device 10. 

The first housing 72 comprises the measuring stage 20, the switching stage 25, 

the sequencer 27, and the user interface 18. 

The first housing 72 also includes an autonomous battery (not shown), for example 5 

a lithium ion (Li-ions) battery. Advantageously, the autonomous battery, which is 

configured to supply the voltage generator 22, is adapted to generate the voltage U of the 

measuring stage. The battery allows for the voltage generator to be galvanically isolated 

from the system being measured. The autonomous battery can be connected to an 

external charging device by means of a removable cable using a connector 74. This 10 

charging device is also galvanically isolated from the system being measured in order to 

carry out measurements whilst charging the removable battery. 

By reference to fig. 5, the user interface 18 is arranged on the front surface of the 

first housing 72 so as to be accessible and visible to an operator. 

The front surface of the first housing 72 also includes connectors such as USB 74 15 

connectors, for example to connect the monitoring device 10 to a computer, as well as 

other connectors 76.  

In particular, in one variant, the monitoring device 10 comprises an external 

voltage generator 22 connected via the connector 76 to the monitoring device 10. The 

monitoring device 10 then comprises a voltage generation stage external to the first 20 

housing 72, such as a megohmmeter, for example the MEGGER MIT megohmmeter 430. 

The front surface of the first housing 72 also comprises at least one handle 80 

suitable for being held by an operator. Thus, the device 10 according to the invention, 

distributed over two housings 70, 72, is easily portable. 

By reference to fig. 6, the rear surface of the first housing 72 includes different 25 

types of connector sockets 82 suitable for connecting a first end of the various types of 

cables 12 to test, which vary, in particular, in terms of cross-sectional size. 

In particular, if the connectors of the cables 12 to be measured are compatible, the cables 

are connected to the connector sockets 82 directly or via electrical jumper cables, as 

appropriate.  30 

The first housing 72 is made of a resistant and lightweight material, for example 

aluminium. 

For example, the first housing 72 has a length of 400 mm, a width of 300 mm, a 

height of 3300 mm, and a weight less than 10 kg. 

By reference to fig. 7, a second housing 90 of the monitoring device 10 is shown. 35 

The second housing 90 includes the looping stage 28. 
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The second housing 90 also comprises various types of connector sockets 92 

suitable for connecting the other end of the various types of cables 12 to be tested. The 

second housing also includes a handle 94. 

The second housing 90 is made of a resistant and lightweight material, for 

example, aluminium, and also weighs less than ten kg. 5 

The ground m for connection to the measuring stage 20 via one or the other of the 

switches 25m or 26m and the ground m of the looping stage 28 respectively correspond to 

the grounds of the two housings 72 and 90. The grounds of the two housings 72 and 90, 

as well as all of the metal components (connector caps, mounting parts, etc.) are all 

suitable for being connected with one another. 10 

The monitoring device 10 is thus compact, energy independent and easily portable. 

The device 10 is particularly suited for the test of cables 12 in tight spaces, such as 

passageways on naval vessels. 

Below, a method for testing the electrical insulation and/or continuity of the cable 

12 will be described.  15 

By means of configuration menus that can be shown on the user interface 18, the 

user enters the parameters of the measurement sequence into the user interface 18: The 

nature of the test (insulation or continuity), the test voltage U for the insulation test, the 

number of wires 14 of the cable 12. This information is saved and processed by the 

sequencer 27, which addresses the switches, carries out the measurements, and saves 20 

the results. 

More specifically, in a first step of the method, the monitoring device 10 receives 

input entered by an operator via the user interface 18 of the monitoring device 10. 

In particular, the operator fills in at least the field 52 on the interface IHM 50 to 

identify the cable 12 to be tested and the field 56 identifying the wire 141 as the starting 25 

wire and the field 58 identifying the wire 143 as the destination wire. The selection of the 

starting wire 141 and that of the destination wire 142 creates an ordered list of wires to be 

tested. In this case, the list of wires to be tested comprises three wires 14. 

If an insulation test is to be carried out on the cable 12, the insulation voltage U is 

selected. When the operator presses on a field 54, a drop-down menu comprising three 30 

options for the voltage U, 50V, 250V, or 500V will open. The insulation voltage U selected 

by the operator depends on the cable 12 being tested.  

If the operator only wishes to carry out a continuity test, the field 54 does not to be 

filled in, because a preset voltage U for the continuity test will be automatically generated. 

Then, the operator selects a type of test to carry out from the three types of test 35 

possible, either an insulation test and a continuity test carried out automatically and 
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successively, one after another, or vice versa  by selecting the button 60, an insulation 

test by selecting the button 62 or a continuity test by selecting the button 64.  

Thus, depending on the value of the input, i.e. the reference number n of the 

starting wire, the reference number n of the destination wire, and the selection of the type 

of measurement, a continuity and/or insulation measurement will be automatically 5 

activated. 

More specifically, if the operator selects a continuity measurement, the looping 

stage 28 will automatically enter the resistive mode. 

Over the entire continuity measurement, the switching stage 25 places the switch 

26m in the closed position p2 in order to connect the wire 41 to the measurement circuit 16, 10 

and, more specifically, to the positive pole of the voltage generator 22. 

Then, the switching stage 25 will automatically and successively cause the 

opening and closing of the switches 251, 252, 253 in order to connect and disconnect, wire 

to wire, each wire 14 from the list of wires to the measurement circuit 16. 

More specifically, the first switch 251 is placed in the closed position p2 to connect 15 

the first wire 141 to the measurement circuit 16, and the other switches 252 and 253, 261, 

262, 263 and 25m are placed in the open position p1. A single resistor 321 is connected to 

the measuring circuit 16.  

Then, the second switch 252 is placed in the closed position p2 to connect the 

second wire 142 to the measurement circuit 16, and the other switches 251, 253, 261, 262, 20 

263, and 25m are placed in the open position p1. The two resistors 321 and 322 are 

connected to the measurement circuit 16.  

Lastly, the third switch 253 is placed in the open position p1 to connect the third 

wire 143 to the measurement circuit 16, and the other switches 252, 261, 262, 263, and 25m 

are placed in the open position p1. The three resistors 321, 322, 323 are connected to the 25 

measurement circuit 16.  

Thus, each time a wire 141, 142, 143 is connected, the resistance value of the 

measurement circuit 16 is increased.  

The voltage U generated by the voltage generator 22 is fixed at approximately ten 

volts in this embodiment. The measuring stage 20 detects an increase in voltage Umes 30 

proportional to the reference number n of the switched wire in increments of 

approximately 80 mV. 

Each time a new wire 141, 142, 143, of the list of wires of the cable 12 to be tested 

is connected, the voltage Umes at the terminals of the measuring resistor 24 is measured.  

If the voltage Umes does not correspond to the voltage Umes calculated with the 35 

formula (1) above, a continuity fault is identified in the wire 141,142, 143. In particular, the 
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variation in voltage Umes measured is to be shown on the screen 36. A regular variation 

in the voltage Umes indicates that there is no continuity fault. Otherwise, in the event of a 

continuity fault in a wire 141,142,143, an irregularity in the variation of the voltage Umes will 

be observed. By saving the measurement data via the microcontroller and transferring 

them to a computer, the precise origin of the faults can subsequently be determined: 5 

Detection of boundary faults, crossed wires, for example, which are characteristic of 

insulation faults, as well as breaks in the continuity of the wires 14). 

The number Ncc of continuity tests is equal to the number LF of wires on the list of 

wires to test, where LF is less than or equal to the number k of wires 14 of the cable 12. 

If an operator selects an insulation test after the continuity of the cable 12 has 10 

been tested, the polarity of the voltage generator 22 will be automatically reversed 

according to the invention at the transition to the insulation measurement, causing a 

reversal in the polarity of the looping stage 28. The looping stage is switched to the 

insulating mode, and the diodes 301, 302, 303 are turned off. 

For the insulation measurement, the switching module 25 automatically and 15 

successively connects the first wire 141 of the list of wires to be tested to the armour of the 

cable 12, represented by the wire 41 in fig. 2, and then with the other wires 142, 143 of the 

list, one by one. 

More specifically, the first switch 261 and the switch 25m of the armour of the cable, 

represented by the wire 41, are placed into the closed position p2 to connect the first wire 20 

141 of the measurement circuit 16 and the wire 41 of the measurement circuit 16. In this 

case, the other switches 251, 252, 253, 262, 263, 26m are in the open position p1.  

Then, the first switch 251 and the second switch 262 are placed in the closed 

position p2 to connect the first wire 141 and the second wire 142 to the measurement 

circuit 16. In this case, the other switches 252, 253, 25m, 261, 263, and 26m are in the open 25 

position p1. 

Lastly, the first switch 251 and the third switch 263 are placed in the closed position 

p2 to connect the first wire 141 and the third and last wire 143 of the list to the 

measurement circuit 16. In this case, the other switches 252, 253, 25m, 261, 262, and 26m 

are in the open position p1.  30 

Once the insulation of the first wire 141 from the other wires of the cable 12, 

including the wire 41, representing the armour of the cable 12, has been tested, the 

sequencer 27 places the switch 252 into the closed position p2 to connect the next wire 142 

to the measurement circuit 16, and places the switch 263 into the closed position p2 to test 

the insulation of the wire 142 from the wire 143. Then, the switches 262 and 25m are placed 35 
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into the closed position p2 to test the insulation between the wire 142 and the armour of 

the cable 12, represented by the wire 41. 

Lastly, the sequencer 27 places the switches 263 and 25m into the closed 

positionp2 in order to test the insulation between the wire 143 and the armour of the cable 

12. 5 

The number Nci of tests to carry out is equal to ��� =
��∗(����)

�
  

Where LF is the number of wires 14 on the list of wires of the cable 12 to be tested. 

The number LF of wires 14 of the list of wires of the cable 12 to be tested is less than or 

equal to the number k of wires 14 of the cable 12. 

The number Nci of insulation tests to carry out corresponds to the number of 10 

simultaneous connections of two wires 141, 142, 143 of the cable 12 and of one wire of the 

cable 141, 142, 143 with the armour of the cable 12.  

Each time a wire 141, 142, 143, from the list of wires of the cable 12 to be tested is 

connected, the voltage Umes at the terminals of the measuring resistor 24 is measured in 

order to detect a fault in the insulation between the wires or between the wires and the 15 

wire 41 connected to ground m.  

When the operator selects successive and automatic testing of continuity and 

insulation, or vice versa, once the device 10 has completed the continuity test, the polarity 

of the looping stage 28 is automatically reversed by automatic reversal of the polarity of 

the voltage generator 22. 20 

Thus, according to the invention, continuity and/or insulation is tested in a 

particularly reliable manner. In fact, the successive connection of the various wires of the 

cable from the list of cables to be tested is carried out automatically, and wire connection 

errors are avoided. 

Furthermore, the initial setting of the voltage U for the insulation and continuity 25 

testing also ensures the reliability of the measurements, because the voltage reading 

associated with the cable 12 being tested is automatically selected.  

Thus, the cables are tested quickly and simply. This is particularly advantageous in 

the naval field, where very large numbers of cables must be tested. 

30 
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CLAIMS 

 

1. Monitoring device for monitoring the insulation and continuity of at least one 

electric cable including a plurality of electrical wires, wherein the device comprises a 

measuring circuit that can be connected to the electrical wires of the cable, the measuring 5 

circuit comprising: 

- a measuring stage comprising at least one voltage generator;  

- a switching stage, that can be connected to the measuring stage, suited to 

connect each electrical wire automatically and successively to the measuring circuit and 

suited to connect the measuring circuit to ground; 10 

- a looping stage of the measuring circuit that can be connected, electrical wire to 

electrical wire of the cable, to the switching stage; 

the looping stage being configured to operate automatically in two modes, 

insulating and resistive, respectively associated with the monitoring of the insulation and 

the monitoring of the continuity of the electrical cable. 15 

 

2. Monitoring device according to claim 1, wherein the polarity of the looping 

stage in the insulating mode is the reverse of the polarity of the looping stage in the 

resistive mode.  

 20 

3. Monitoring device according to any one of the preceding claims, wherein, for 

each wire, the looping stage comprises at least one component for the unidirectional 

passage of electrical current, wherein each component for the unidirectional passage of 

electrical current is turned on when the looping stage is in the resistive mode and is 

blocked when the looping stage is in the insulating mode. 25 

 

4. Monitoring device according to claim 3, wherein for each wire the looping stage 

comprises at least one resistor with the at least one unidirectional component. 

 

5. Monitoring device according to any one of the preceding claims, wherein the 30 

switching stage comprises electronic switches, in particular CMOS switches. 
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6. Monitoring device according to claim 5, wherein the electronic switches are 

automatically controlled by a shift register. 

 

7. Monitoring device according to any one of the preceding claims, wherein the measuring 5 

stage comprises, connected in series to the voltage generator, a measuring resistor, 

wherein the voltage at the terminals of the measuring resistor being suited to be 

measured, and representative of the quality of the insulation and/or the continuity of each 

electrical wire of the cable. 

 10 

8. Monitoring device according to any one of the preceding claims, wherein the voltage 

generator is a variable voltage generator. 

 

9. Monitoring device according to any one of the preceding claims, wherein the monitoring 

device is manually transportable and comprises a battery. 15 

 

10. Method for monitoring the insulation and/or continuity of at least one electrical cable 

including a plurality of electrical wires, the method being automatically carried out by a 

monitoring device according to any one of claims 1 to 9, wherein the monitoring device 

comprises a measuring circuit that can be connected to the electrical wires of the cable, 20 

the measuring circuit comprising: 

- a measuring stage comprising at least one voltage generator;  

- a switching stage, that can be connected to the measuring stage, suited to connect each 

electrical wire automatically and successively to the measuring circuit and suited to 

connect the measuring circuit to ground; 25 

- a looping stage for the measuring circuit that can be connected wire to wire to the 

switching stage; 

the method comprising the following steps, carried out automatically by the monitoring 

device: 

- receipt of input data via an interface of the monitoring device, 30 

- depending on the value of the input data, activating automatically and 

successively two modes of the looping stage, insulating then resistive or 

resistive then insulating, the insulating mode being associated with the 

monitoring of the insulation, the resistive mode being associated with the 

monitoring of the continuity of the electrical cable, 35 

- measuring the voltage at the terminals of a measuring resistor of the 

measuring stage, after the successive connection of each electrical wire of the 

at least one cable to the measuring circuit by the  
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switching stage of the measuring circuit until an insulation and/or continuity failure of the 

electrical wire is detected, or until all of the electrical wires of the said at least one cable 

are connected. 


