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Title of Invention: RELAY TERMINAL BLOCK  

 

Description 

 

Technical Field 

[0001] 

 The present invention relates to a relay terminal 

block used for a monitoring system and the like. 

 

Background Art 

[0002] 

 In a known monitoring system for monitoring states 

of various apparatuses at a site, signal wires for 

transmitting data such as contact signals from the 

apparatuses can be connected to a terminal in a central 

monitoring room, a measuring instrument (for example, a 

data logger) or the like to perform remote monitoring, 

analysis and the like of the apparatuses.  In this case, 

in order to relay the many signal wires used, a relay 

terminal block may be installed between the apparatuses 

and the terminal or the like in the monitoring room. 

 

Citation List 

Patent Literature 

[0003] 
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Patent Literature 1: Japanese Patent Laid-Open No. H10-

208794 

Patent Literature 1: Japanese Utility Model Publication 

No. H7-27671 

 

Summary of Invention 

Technical Problem 

[0004] 

 When the number of apparatuses for which monitoring 

and the like should be performed increases, the number of 

signal wires for transmitting various kinds of data from 

the apparatuses increases.  For example, in a large-scale 

business facility or the like, the number of wire 

connections from apparatuses to a relay terminal block 

and from the relay terminal block to terminals in a 

monitoring room may sometimes become a huge number such 

as hundreds or thousands.  Further, a plurality of kinds 

of data may be transmitted from the apparatuses. 

 When the number of connections of signal wires 

increases, the area occupied to install the relay 

terminal block increases, and the burden of wire 

connection work and work for confirming the state of 

coupling between signal wires on the input side and the 

output side of the relay terminal block on a worker 

increases.  As a result, there arise problems of securing 

of a large installation space for the relay terminal 
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block and increase in time and costs required for the 

wire connection work. 

[0005] 

 In view of the above problems, a main object of the 

present invention is to provide a relay module enabling 

reduction of the workload of a worker and realization of 

space saving for a relay terminal block, and a relay 

terminal block using the relay module. 

 

Solution to Problem 

[0006] 

 A relay module (1) according to the present 

invention is a relay module relaying and outputting a 

plurality of signals input from outside, the relay module 

including: 

 a plurality of input signal transmission wires (5S); 

 a selective signal transmission device (6); 

 a select signal transmission wire (137); and 

 an output signal transmission wire (139), wherein 

 the plurality of input signal transmission wires 

(5S) and the select signal transmission wire (137) are 

connected to the selective signal transmission device (6), 

and 

 the selective signal transmission device (6) selects 

one of the plurality of input signal transmission wires 

(5S) according to a select signal input via the select 

signal transmission wire (137), and outputs a signal 
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input to the selected input signal transmission wire (5S) 

via the output signal transmission wire (139). 

[0007] 

 By adopting such a configuration, it is possible to, 

by selecting one of signals input from a plurality of 

external apparatuses and outputting the signal to an 

output signal transmission wire, reduce the number of 

transmission wires on the output side, reduce the wire 

connection workload and work time of a worker, and enable 

miniaturization of a relay module. 

 Further, a commercially available multiplexer can be 

used as the selective signal transmission device, and it 

is possible to easily and inexpensively provide a relay 

module. 

[0008] 

 In the above configuration, the relay module (1) may 

be configured such that the relay module (1) further 

includes an ADC (14), wherein 

 an output of the selective signal transmission 

device (6) is connected to the ADC (14), and 

 an output of the ADC (14) is connected to the output 

signal transmission wire (139). 

[0009] 

 By adopting such a configuration, it is possible to 

convert an input analog signal to a digital signal, and 

it becomes easy to receive the output digital signal by a 
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computer or the like (in a monitoring device, a measuring 

instrument or the like) and perform data processing. 

[0010] 

 In the above configuration, the relay module (1) may 

be configured such that the relay module (1) further 

includes photocouplers (16), wherein 

 the input signal transmission wires (5S) are 

connected to the respective photocouplers (16), and 

 outputs of the photocouplers (16) are connected to 

the selective signal transmission device (6). 

[0011] 

 By adopting such a configuration, it is possible to 

reduce noise of each signal wire input from outside. 

[0012] 

 In the above configuration, the relay module (1) 

further includes LED indicators (19), wherein 

 the input signal transmission wires (5S) are 

connected to the respective LED indicators. 

[0013] 

 By adopting such a configuration, it is possible to 

visually confirm whether there is an input signal from 

outside or not, and the wire connection workload of the 

worker is reduced. 

[0014] 

 In the above configuration, the relay module (1) may 

be configured such that the relay module (1) further 

includes: 



- 6 - 

 a plurality of LEDs (41); 

 a digital signal generation device (34); and 

 a distribution device (38), wherein 

 the distribution device (38) selects any of the LEDs 

(41) according to the select signal, and 

 the digital signal generation device (34) outputs a 

signal to the selected LED (41). 

[0015] 

 By adopting such a configuration, it is possible to 

visually and easily confirm voltage of input signals from 

outside, from light emission states of the LEDs. 

[0016] 

 A relay terminal block (100) according to the 

present invention includes: 

 a plurality of the relay modules that are according 

to any of the above descriptions; and 

 a select signal generation device (7), wherein 

 the select signal generation device (7) outputs a 

select signal to the select signal transmission wires 

(137), and 

 the select signal transmission wires (137) of the 

relay modules are mutually connected among the relay 

modules. 

[0017] 

 By adopting such a configuration, it becomes 

possible to easily increase the number of relay modules 

according to the number of signal wires input from 
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outside, and it is possible to provide a highly 

expandable integrated relay terminal block (a relay unit) 

capable of flexibly responding. 

[0018] 

 Further, in the above configuration, the relay 

terminal block (100) may be configured such that 

 the relay module (1) further includes an 

input/output module (20), wherein 

 the input/output module (20) includes a select 

signal input port (23), a relay module signal input port 

(24) and a relay terminal block communication port (26), 

 the select signal transmission wire (137) is 

connected to the select signal input port (23), 

 the output signal transmission wires (139) of the 

plurality of relay modules are connected to the relay 

module signal input port (24), and 

 the input/output module (20) outputs signals input 

to the plurality of input signal transmission wires (5S) 

from the relay terminal block communication port (26) as 

serial signals. 

[0019] 

 By adopting such a configuration, the configuration 

of the monitoring device, the measuring instrument or the 

like that receives an output signal from the relay 

terminal block becomes simple, and flexible response to 

extension of an input signal becomes possible. 

[0020] 
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 Further, a relay module (1) according to the present 

invention is a relay module (1) relaying and outputting a 

plurality of signals input from outside, the relay module 

including a plurality of input signal transmission wires 

(5S), a first connector (54), a second connector (55), a 

third connector (52) and a controller, wherein 

 the controller (51) enables signals input via the 

first connector (54), the second connector (55) and the 

input signal transmission wires (5S) to be serially 

output via the third connector (52) when recognizing that 

the relay module (1) is a master, and enables signals 

input via the input signal transmission wires (5S) to be 

serially output via the first connector (54) or the 

second connector (55) when recognizing that the relay 

module (1) is a slave. 

[0021] 

 Further, the relay module (1) according to the 

present invention recognizes that the relay module (1) is 

a master when detecting that there is external connection 

at the third connector (52), and recognizes that the 

relay module (1) is a slave when detecting that there is 

no external connection at the third connector (52). 

[0022] 

 By adopting such a configuration, it is possible to 

selectively set a function of the relay module, and it 

becomes possible to improve expandability. 

[0023] 
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 Further, a relay terminal block (100) according to 

the present invention includes a plurality of the relay 

modules (1) described above, wherein 

 at least the first connector (54) of each of the 

relay modules (1) is electrically connected to the second 

connector (55) of another relay module adjoining to the 

relay module (1), or the second connector (55) of the 

relay module (1) is electrically connected to the first 

connector (54) of another relay module adjoining to the 

relay module. 

[0024] 

 Further, in the relay terminal block (100) according 

to the present invention, 

 one of the plurality of relay modules (1) 

electrically connected to one another via the first 

connector (54) or the second connector (55) is specified 

as a master relay module, and the other relay modules (1) 

are specified as slave relay modules, 

 the slave relay modules serially output signals 

input via the input signal transmission wires (5S) to the 

master relay module side via the first connectors (54) or 

the second connectors (55), and 

 the master relay module serially outputs signals 

input via the input signal transmission wires (5S) and 

input signals input via at least one of the first 

connector (54) and the second connector (55), via the 

third connector (52). 
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[0025] 

 By adopting such a configuration, it is possible to 

obtain a highly expandable relay terminal block.  Further, 

it is possible to reduce the workload of the worker. 

 

Advantageous Effects of Invention 

[0026] 

 According to the present invention, it is possible 

to realize space saving for a relay module and a relay 

terminal block using the relay module, and reduce the 

burden of wire connection work on a worker. 

 

Brief Description of Drawings 

[0027] 

[Figure 1] Figures 1(a) and 1(b) are configuration 

diagrams of a relay module according to a first 

embodiment of the present invention; and Figure 1(c) is a 

schematic diagram illustrating a function of a selective 

signal transmission device. 

[Figure 2] Figure 2 is a configuration diagram of a relay 

module according to a second embodiment of the present 

invention. 

[Figure 3] Figure 3 is a configuration diagram of a relay 

module according to a third embodiment of the present 

invention. 
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[Figure 4] Figure 4 is a configuration diagram of the 

relay module according to the third embodiment of the 

present invention. 

[Figure 5] Figure 5 is a configuration diagram of an 

integrated relay terminal block according to a fourth 

embodiment of the present invention. 

[Figure 6] Figure 6 is a configuration diagram of an 

integrated relay terminal block according to a fifth 

embodiment of the present invention. 

[Figure 7] Figure 7 is a flowchart of data communication 

using the integrated relay terminal block according to 

the fifth embodiment of the present invention. 

[Figure 8] Figure 8 is a configuration diagram of a relay 

module according to a sixth embodiment of the present 

invention. 

[Figure 9] Figure 9 is a diagram showing a connection 

relationship among the relay modules according to the 

sixth embodiment of the present invention. 

[Figure 10] Figure 10 is a diagram showing a 

configuration example of groups of the relay modules 

according to the sixth embodiment of the present 

invention. 

 

Description of Embodiments 

[0028] 

 Embodiments of the present invention will be 

explained below with reference to drawings.  However, 
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none of the embodiments is intended to give a limited 

interpretation in recognition of the spirit of the 

present invention.  Further, the same members or members 

of the same type may be given the same reference sign, 

and explanation may be omitted. 

[0029] 

(First embodiment) 

 Figure 1 is a conceptual diagram showing a 

configuration of a relay module 1.  The relay module 1 is 

incorporated, for example, on one substrate or in one 

case and is one basic component.  Hereinafter, the same 

goes for other embodiments. 

[0030] 

 As shown in Figure 1(a), the relay module 1 is 

provided with an input terminal block 4 where terminals 3 

for connecting external signal wires 2 for transmitting 

signals from various kinds of external apparatuses and 

the like are arrayed. 

 Each external signal wire 2 is configured with a 

pair of one external signal wire 2S and one ground wire 

2G, and, for example, the external signal wires 2 

including sixteen pairs configured with thirty-two 

transmission wires are connected to the input terminal 

block 4. 

[0031] 

 Connection wires 5 (input wires 5) are connected to 

the external signal wires 2 via the terminals 3 of the 
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input terminal block 4, and accept (receive) signals from 

the various kinds of external apparatuses and the like 

transmitted via the external signal wires 2 (data 

communicating states of the apparatuses and the like).  

The external signal wires 2S are connected to input 

signal transmission wires 5S among the connection wires 5, 

and the ground wires 2G are connected to input signal 

ground wires 5G among the connection wires 5.  The 

connection wires 5 are electrically connected to the 

input side (input ports) of a selective signal 

transmission device 6 (for example, a multiplexer), and 

signals from various kinds of apparatuses transmitted via 

the external signal wires 2 are input to the input side 

(the input ports) of the selective signal transmission 

device 6 as input signals via the connection wires 5. 

[0032] 

 A select signal generation device 7 generates a 

select signal for controlling the selective signal 

transmission device 6.  The select signal generated by 

the select signal generation device 7 is an n-bit digital 

signal (n is an integer equal to or larger than 1) that 

changes periodically (in time division), and is input to 

control signal ports (control signal input terminals) of 

the selective signal transmission device 6 (in parallel) 

via n, for example, four connection wires 8. 

[0033] 
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 Furthermore, an output signal wire 9 and a ground 

wire 10 are connected to the output side (output ports) 

of the selective signal transmission device 6, and one of 

the input signals is selected and output via the output 

signal wire 9 and the ground wire 10. 

[0034] 

 The relay module 1 is provided with an input/output 

terminal block 12 where a plurality of terminals 11 are 

arrayed, and the output signal wire 9 and the ground wire 

10 are connected to terminals 11. 

 Further, the connection wires 8 for transmitting a 

select signal are electrically connected to terminals 11 

of the input/output terminal block 12.  The select signal 

is input to the selective signal transmission device 6 

via the input/output terminal block 12 as described above. 

 Furthermore, output signal wires 13 are connected to 

the input/output terminal block 12, and, as a result, are 

connected to a terminal, a measuring instrument or the 

like in a monitoring room, so that it is possible to 

perform remote monitoring, data analysis and the like of 

situations about the apparatuses and the like. 

 The output signal wires 13 include select signal 

transmission wires 137 for outputting a select signal, an 

output signal transmission wire 139 (connected to the 

output signal wire 9) and a ground wire 130 (connected to 

the ground wire 10). 
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 The connection wires 8 are connected to the 

respective select signal transmission wires 137.  The 

select signal transmission wires 137 are connected to the 

selective signal transmission device 6 via the 

input/output terminal block 12. 

[0035] 

 Figure 1(b) shows a configuration example of wire 

connections on the input terminal block 4.  The ground 

wires 2G of the external signal wires 2 are connected to 

one another and are further connected to one input signal 

ground wire 5G among the connection wires 5 to be 

connected to the selective signal transmission device 6.  

The external signal wires 2S of the external signal wires 

2 are connected to the selective signal transmission 

device 6 via the input signal transmission wires 5S. 

[0036] 

 Figure 1(c) is a schematic diagram illustrating a 

function of the selective signal transmission device 6. 

 The selective signal transmission device 6 is 

controlled by plural kinds of select signals generated by 

the select signal generation device 7.  The select signal 

periodically changes and is input to the selective signal 

transmission device 6 via n, for example, four connection 

wires 8.  Each connection wire 8 transmits a signal of 

"1" or "0", and a digital signal configured with any of 

2n combinations of "1" or "0" is transmitted to the 
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selective signal transmission device 6 by n connection 

wires 8. 

[0037] 

 In the example shown in Figure 1(c), sixteen (2n = 

24) kinds of signals each of which is a combination of 

"1" or "0" (select signals) are sequentially input to the 

selective signal transmission device 6 by four connection 

wires 8, periodically changing (in a cyclic manner; 

cyclically).  The select signal generation device 7 

outputs in a sequential and cyclic manner, for example, 

binary values of 0 to 2n as parallel signals, as an n-bit 

signal at intervals of a predetermined period (for 

example, from 1 msec to 10 msec). 

 Note that n is not limited to 4. 

[0038] 

 One select signal is associated with each of the 

input signal transmission wires 5S connected to the 

selective signal transmission device 6, and only an input 

signal transmission wire 5S selected (specified) by a 

select signal is electrically connected to the output 

signal wire 9, and an input signal from the input signal 

transmission wire 5S is transmitted.  When the 

combination of signals communicated by the four 

connection wires 8 is expressed as (A, B, C, D), for 

example, an input signal wire s01 among the input signal 

transmission wires 5S is electrically connected to the 

output signal wire 9 when (A, B, C, D) is (0, 0, 0, 0); 
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and an input signal wire s02 is electrically connected 

when (A, B, C, D) is (0, 0, 0, 1).  Then, each input 

signal is communicated to the output signal wire 9.  The 

same applies hereinafter. 

[0039] 

 By using a commercially available multiplexer as the 

selective signal transmission device 6, the relay module 

1 can be inexpensively and easily realized. 

 Further, the multiplexer can operate under an input 

voltage within a range from a predetermined negative 

voltage to a predetermined positive voltage and can 

output a selected input signal within the operating 

voltage range. 

 When an input signal exceeds the operating range of 

the multiplexer, an operational amplifier or the like may 

be appropriately added to the input side (for example, 

between the input terminal block 4 and the selective 

signal transmission device 6) to change an input signal 

fluctuation range. 

[0040] 

 A signal output from the relay module 1 is output to 

an external device (a monitoring device, a measuring 

instrument or the like) via the output signal wires 13.  

The output signal wires 13 include a total of n + 2 

transmission wires of the n (for example, four) select 

signal transmission wires 137, the one output signal 
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transmission wire 139 and the one ground wire 130 from 

the selective signal transmission device 6. 

 By the selective signal transmission device 6, the 

number of the output signal transmission wires 139 can be 

reduced to 1/2n relative to the number of the input 

signal transmission wires 5S.  For example, if the number 

of the external signal wires 2 is thirty-two (sixteen 

pairs), and n = 4 is satisfied, then the number of wires 

on the output side is reduced to 6 (= 4 + 2).  As a 

result, space saving of the relay module 1 and reduction 

in the workload of a worker become possible. 

 Further, since the number (and the mass) of the 

wires is reduced, weight saving of the relay module 1 is 

also possible. 

 The external device can identify a corresponding 

input signal wire, that is, an apparatus that transmits a 

signal to the input signal wire, by a select signal, and 

can monitor or measure each apparatus by a combination of 

an identified apparatus and an output signal. 

[0041] 

(Second embodiment) 

 When signals from apparatuses are analog signals, 

the analog signals can be converted to digital signals in 

the relay module 1 and output. 

[0042] 
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 Figure 2(a) shows a configuration example in which 

an ADC 14 is connected to the output signal wire 9 of the 

selective signal transmission device 6. 

 When analog signals are input from the external 

signal wires 2, outputs of the selective signal 

transmission device 6 are connected to the ADC 14, and 

analog signals, which are output signals output from the 

output signal wire 9, are converted to digital signals by 

the ADC 14.  Outputs of the ADC 14 are connected to the 

output signal transmission wire 139. 

 It is also possible to separately provide a 

plurality of ADCs for the external signal wires 2 (the 

input signal transmission wires 5S), and input outputs 

therefrom to the selective signal transmission device 6.  

However, signals input from the external signal wires 2 

can be converted to digital signals by the one ADC 14 and 

output as shown in Figure 2(a), and relay module 

manufacturing costs can be reduced. 

[0043] 

 An operational amplifiers 30 may be provided for 

each of the external signal wires 2, as a voltage 

follower and outputs therefrom may be input to the 

selective signal transmission device 6 as shown in Figure 

2(b).  When an external signal wire 2 (an input signal 

transmission wire 5S) communicates a weak signal of a 

sensor or the like, the impedance of input to the 

selective signal transmission device 6 is increased, so 
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that the analog signal can be prevented from changing.  

Further, the voltage of an input signal may be 

appropriately corrected by the operational amplifier 30 

as necessary so that an output signal output from the 

output signal wire 9 (an output signal of the selective 

signal transmission device 6) is within the operating 

range of the ADC 14.  According to the amount of the 

correction, an output signal from the output signal 

transmission wire 139 can be corrected by software on the 

monitoring device or measuring instrument side. 

[0044] 

 Further, a switch element 31, for example, a MOSFET 

and a load 33, for example, a resistive element of 250 

[] may be provided between the input signal 

transmission wires 5S and the ground wire 10, being 

arranged in series. 

 The switch element 31 can be electrically controlled 

by a select signal wire 32 to select an on (closed) state 

or an off (open) state.  When the switch element 31 is 

off, electric signals from the external signal wires 2 

(the input signal transmission wires 5S) are input 

directly to the operational amplifier 30.  When the 

switch element 31 is on, current changes of the electric 

signals of the input signal transmission wires 5S can be 

converted to voltage changes by the load 33 and input to 

the operational amplifier 30.  Therefore, it is possible 

to switch input between current and voltage according to 
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the electric signals input from the external signal wires 

2. 

[0045] 

 Though the voltage of the select signal wire 32 may 

be supplied from the external device (the monitoring 

device, the measuring instrument or the like), the 

voltage can be supplied from a power source installed in 

the relay module 1.  Further, the switch element 31 may 

be a mechanical switch like a DIP switch instead of an 

electric switch like a MOSFET.  The switch element 31 may 

be manually operated according to the specifications of 

the electric signals from the external signal wires 2. 

 The operational amplifier 30 and the current/voltage 

switching (the configuration with the switch element 31 

and the load 33) are also applicable to the first 

embodiment. 

[0046] 

 Further, an output of the ADC 14 may be input to an 

arithmetic processing device 34, for example, a 

microcomputer as shown in Figure 2(c).  Voltage converted 

by the ADC 14 may be converted to a digital value by the 

arithmetic processing device 34.  The voltage value 

converted to the digital value by the arithmetic 

processing device 34 is output to the output signal 

transmission wire 139 as a serial signal.  The converted 

digital value may be output bit by bit as parallel 

signals. 
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[0047] 

 In any of the cases of Figures 2(a), 2(b) and 2(c), 

it is necessary to select such an ADC 14 that the 

conversion speed is faster than the select signal period 

of the selective signal transmission device 6 or set the 

select signal period longer than the conversion time 

(sampling time) of the ADC 14.  For example, if a time 

interval (a period) between select signals is set from 1 

msec to 10 msec, the time period can be longer than the 

conversion time of a general ADC that is commercially 

available.  The period, however, is not limited thereto. 

[0048] 

(Third embodiment) 

 The example shown in Figure 1(b) is a configuration 

in which the ground wires 2G of the external signal wires 

2 are short-circuited to obtain one common ground wire on 

the input terminal block 4.  However, by the ground wires 

2G connected to different apparatuses being short-

circuited, there may be a case where signals may mutually 

interfere with one another, or noise may occur.  Further, 

there may be a case where the electric potentials of the 

ground wires 2G are different. 

 In the present embodiment, it is possible to 

electrically separate the external signal wires 2 

connected to different apparatuses and cause input 

signals to be input to the selective signal transmission 
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device 6 without the input signals mutually interfering 

with one another. 

[0049] 

 As shown in Figure 3(a), the external signal wires 2 

connected to the terminals 3 of the input terminal block 

4 are input to respective photocouplers 16.  Specifically, 

each of the external signal wires 2 is configured with a 

combination of an external signal wire 2S and a ground 

wire 2G as described above, and an input signal 

transmission wire 5S and an input signal ground wire 5G 

connected to the external signal wire 2S and the ground 

wire 2G, respectively, are connected to input terminals 

of a photocoupler 16. 

[0050] 

 From the photocouplers 16, signals are output 

according to (in proportion to) the voltages of input 

signals of the external signal wires 2. 

 Output signal wires 17 of the photocouplers 16 are 

input to the selective signal transmission device 6, and 

ground wires 18 of the photocouplers 16 are input to the 

selective signal transmission device 6, being short-

circuited with one another. 

 The output signal wires 17 are for transmitting 

input signals to the selective signal transmission device 

6 and, in that sense, each output signal wire 17 

constitutes a part of an input signal transmission wire 

5S. 
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[0051] 

 The ground wires 2G (and the external signal wires 

2S) of the external signal wires 2 are electrically 

separated from one another and do not interfere with one 

another. 

[0052] 

 Further, LED indicators 19 may be arranged between 

the photocouplers 16 and the selective signal 

transmission device 6 as shown in Figure 3(b) so that an 

LED may be lit up when it is detected that a signal is 

output to an output signal wire 17.  It becomes possible 

to visually confirm states of input signals of the 

external signal wires 2. 

 By installing an LED between an output signal wire 

17 and a ground wire 18, it is possible to, when an 

electric signal is input to an output signal wire 17, 

cause an LED to emit light. 

 Further, for example, comparators may be connected 

in parallel to the respective output signal wires 17, so 

that when the voltage of an output signal wire 17 is 

equal to or above a predetermined voltage (a reference 

voltage) according to the comparator, power is supplied 

to the LED to cause the LED to be lit up.  Furthermore, a 

configuration is also possible in which, when voltage 

equal to or above the reference voltage is detected, the 

voltage is held by a latch circuit or the like only for a 

predetermined time, and power is supplied to the LED. 
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 Further, it is also possible to, by sequentially 

inputting signals with voltages equal to or above the 

reference voltage to the external signal wires 2 as test 

signals, visually confirm the wire connection states of 

the input signals 2, and it is possible to reduce the 

workload of the wire connection worker. 

 A configuration is also possible in which only 

either the photocouplers 16 or the LED indicators 19 are 

installed.  The configuration shown in the second 

embodiment may be combined. 

[0053] 

 As one embodiment, Figure 4(a) shows an LED 

controller 35 provided on the output side of the 

arithmetic processing device 34 and using full-color LEDs, 

as an LED indicator 19. 

 An output of the ADC 14 has been input to the 

arithmetic processing device 34 (a digital signal 

generation device), and the arithmetic processing device 

34 (uniquely) converts the voltage of the output signal 

of the ADC 14 to a digital numerical value and outputs a 

digital signal to a distribution device 38 (a 

demultiplexer) via an output wire 37.  This can be 

realized, for example, by utilizing the principle of a 

known digital voltmeter and by using a microcomputer or 

the like as the arithmetic processing device 34, 

[0054] 
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 Furthermore, the arithmetic processing device 34 

generates RGB signals, which are LED control signals, 

each of which is configured with a combination of "1 (H)" 

and "0 (L)", according to an input output voltage of the 

ADC 14.  For example, in order that red changes to white 

as the output voltage of the ADC 14 increases, the pulse 

widths at the H states of the RGB signals are controlled 

to generate the color signals as digital signals such 

that pulse duty ratios in proportion to light emission 

intensities of R (red), G (green) and B (blue) LEDs are 

obtained, and the digital signals are input to the LED 

controller 35 via RGB signal wires 36.  A table of 

correspondence between voltage values and colors 

(combinations of RGB intensities) is stored in a storage 

device included in the arithmetic processing device 34 in 

advance, and a digital signal for setting each of the 

intensities of RGB can be generated according to the 

correspondence table. 

 As for the pulse ("1 (H)") of an output signal, a 

voltage higher than a threshold voltage for the LEDs is 

set to cause the LEDs to emit light. 

[0055] 

 A select signal has been input to the distribution 

device 38 (the demultiplexer) via select signal wires 39. 

 The distribution device 38 distributes output 

signals of the arithmetic processing device 34 according 

to select signals to output the output signals to the LED 
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controller 35 via output wires 40.  To the distribution 

device 38, select signals corresponding to 2n, for 

example, 24 = 16 combinations, each of which is 

configured with n, for example, four signals of "1" or 

"0", are input via the select signal wires 39.  The same 

number of the output signal wires 40 (distribution signal 

wires) as the number of combinations for the select 

signals are connected to the LED controller 35.  One 

output signal wire 40 is selected for one combination for 

a select signal, and an output signal from the arithmetic 

processing device 34 is output to the LED controller 35 

from the selected output signal wire 40. 

[0056] 

 As shown in Figure 4(b), the LED controller 35 is 

provided with the same number (2n) of full color LEDs 41 

as the number of signal transmission wires 2S.  Each full 

color LED 41 is configured with a set of LEDs of the 

three colors of RGB to enable light emission in desired 

color.  The RGB signal wires 36 are connected to each 

full color LED 41 via switch elements 42 (LED 

opening/closing (switching) elements), for example, 

MOSFETs.  One switch element 42 is provided for each of 

three R, G and B signals.  Therefore, three switch 

elements 42 constitute one set.  The 2n output signal 

wires 40 are correspondingly connected to the 2n sets of 

switch elements 42.  Therefore, the same signal is input 

to one set of switch elements 42. 
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[0057] 

 An output signal from the arithmetic processing 

device 34 is input to one set of switch elements 42 via 

one output signal wire 40 selected by a select signal, 

and only the set of switch elements 42 is turned on.  Via 

the set of switch elements 42 that has been selected and 

turned on, three signals of R, G and B are input to the R, 

G and B LEDs of a corresponding full color LED 41 via the 

RGB signal wires 36.  When the voltages of the R, G and B 

signals become higher than the threshold voltages of the 

corresponding LEDs (when the voltages become "1"), the 

LEDs emit light, and the full color LED 41 emits light in 

desired color. 

 That is, LED control signals (R, G and B signals) 

are output from the arithmetic processing device 34 to a 

full color LED 41 selected by the distribution device 38 

according to a select signal, and the full color LED 41 

emits light in color corresponding to the output voltage 

of the ADC 14. 

 For example, by arranging the full color LEDs 41 

correspondingly to the input signal wires 2S, similarly 

to Figure 3(b), voltages input to the external signal 

wires 2S can be visually confirmed by emission colors of 

the LEDs. 

 A configuration is also possible in which single 

(single color) LEDs are used instead of the full color 

LEDs 41 so that voltages input to the input signal wires 
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2S can be visually confirmed by light emission 

intensities of the LEDs. 

[0058] 

(Fourth embodiment) 

 As for the relay module 1 in any of the above 

embodiments, it is possible to couple a plurality of 

relay modules 1, with each of them as one unit. 

 Figure 5 shows an example of a relay unit (a relay 

terminal block) 100 in which a plurality of relay modules 

1 are coupled and integrated.  In this case, the relay 

unit 100 is configured, with each relay module 1 as a 

subunit.  Though the embodiment shown in Figure 2(b) is 

illustrated as each of the relay modules 1 in Figure 5, 

it is possible to adopt other embodiments. 

 As shown in Figure 5, a conceptual diagram in which 

a plurality of relay modules 1a, 1b, ... 1m constitute 

the relay unit 100 installed on one substrate 15 (or in a 

case) is shown.  Any of the above embodiments can be 

adopted for each relay module 1. 

 The expression such as "1a, 1b, ... 1m" shows that 

the number of relay modules 1 is not limited to three. 

[0059] 

 External signal wires 2a, 2b, ..., 2m are connected 

to the relay modules 1a, 1b, ..., 1m, respectively, and 

output signal wires 9a, 9b, ..., 9m and ground wires 10a, 

10b, ..., 10m from selective signal transmission devices 
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6a, 6b, ..., 6m are connected to input/output terminal 

blocks 12a, 12b, ..., 12m, respectively. 

 The ground wires 10a, 10b, ..., 10m are connected to 

one another. 

[0060] 

 Further, select signal transmission wires 137a, 

137b, ..., 137m from the select signal generation device 

7 are connected to the input/output terminal blocks 12a, 

12b, ..., 12m, respectively, and connected to one another. 

 By connecting terminals to which the select signal 

transmission wires 137a, 137b, ..., 137m of the 

input/output terminal blocks 12a, 12b, ..., 12m to one 

another (causing the terminals to be common) by wiring, 

it becomes possible to easily connecting the plurality of 

relay modules 1a, 1b, ..., 1m. 

 That is, it becomes easy to expand the relay module 

1 with the use of the input/output terminal block 12. 

[0061] 

 Wiring for outputting to a device that receives 

signals from the relay unit 100 (for example, the 

monitoring device, the measuring instrument or the like) 

includes one set of select signal transmission wires 137a, 

one ground wire 130m and output signal transmission wires 

139a, 139b, ..., 139m. 

 Any selected ones of the external signal wires 2a, 

the external signal wires 2b, ..., or the external signal 

wires 2m are electrically connected to the respective 
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output signal transmission wires 139a, 139b, ..., 139m by 

the selective signal transmission devices 6a, 6b, ..., 6m 

controlled by common select signals.  As a result, 

signals output from the selected ones of the external 

signal wires 2a, the external signal wires 2b, ..., or 

the external signal wires 2m are output from the 

respective output signal transmission wire 139a, 

139b, ..., 139m. 

[0062] 

 When the number of select signal transmission wires 

137a is indicated by n, and the number of relay modules 

1a, 1b, ..., 1m is indicated by k, the number of 

transmission wires output from the relay unit 100 is 

indicated by n + 1 + k. 

 When n = 4 is satisfied, and the number of the 

external signal wires 2 is thirty-two (sixteen pairs), 

the number of transmission wires on the output side of 

the relay unit 100, which includes ten (k = 10) relay 

modules 1, is 4 + 1 + 10 relative to the 32  10 external 

signal wires 2, that is, the number can be reduced to 

approximately 1/20. 

 Therefore, the number of wire connections on the 

output side can be significantly reduced.  As a result, 

the workload can be reduced, and the work time can be 

shortened.  Furthermore, the wiring space on the output 

side can be saved, and miniaturization and weight saving 

of the relay unit 100 is possible. 
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[0063] 

 Further, the above embodiments can be appropriately 

adopted according to the types, characteristics and the 

like of apparatuses to be connected, and characteristics 

of electric signals (for example, amplitudes of the 

signals and the like) input from the external signal 

wires 2, and it is also possible to collect relay modules 

1a, 1b, ..., 1m adopting different embodiments in one 

relay unit 100. 

 The relay module 1 may be provided for each 

individual place where apparatuses are placed, for 

example, such that the relay module 1a receives signals 

from apparatuses arranged in an area A, and the relay 

module 1b receives signals from apparatuses arranged in 

an area B.  Further, the relay module 1 may be provided 

for each of apparatus types (or signal types such that 

the relay module 1a receives signals from apparatuses A, 

and the relay module 1b receives signals from apparatuses 

B. 

[0064] 

 To each input/output terminal block 12, the select 

signal transmission wires 137 for inputting a select 

signal and the output signal transmission wire 139 (and 

the ground wire 130) for outputting a signal from the 

selective signal transmission device 6 are collectively 

connected.  However, since the select signal transmission 

wires 137 are connected among the relay modules 1a, 
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1b, ..., 1m, terminal blocks for the select signal 

transmission wires 137 may be separately provided, being 

separated from the input/output terminal blocks 12 at 

positions suitable for the layout for arranging the relay 

modules 1a, 1b, ..., 1m (for example, above and below 

each relay module 1 on the drawing) to facilitate 

connection. 

[0065] 

(Fifth embodiment) 

 As shown in Figure 6, the relay unit (the relay 

terminal block) 100 can be further provided with an 

input/output module 20 to output serial signals.  That is, 

in the present embodiment, one relay unit (a relay 

terminal block) is configured with a combination of the 

relay unit of the fourth embodiment and the input/output 

module. 

 In the fourth embodiment having expandability, 

signal wires output from the relay unit 100 are a 

plurality of select signal transmission wires 137, a 

ground wire 130 and output signal transmission wires 139a, 

139b, ..., 139m, and especially the number of the output 

signal transmission wires 139 changes according to the 

number of relay modules 1 for expansion. 

 Since the select signal transmission wires 137 and 

the ground wire 130 are used in common, indicators for 

distinguishing among the relay modules 1a, 1b, ..., 1m 

are omitted. 
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[0066] 

 On the monitoring device or measuring instrument 

side where processing (for example, monitoring or 

analysis) of output signals from the relay units 100 is 

performed, hardware input ports for receiving a plurality 

of output wires therefor are required.  The number of 

input ports is required to be changed according to the 

number of relay modules 1 for expansion. 

 By the input/output module 20, signals of the 

plurality of select signal transmission wires 137 and the 

output signal transmission wires 139a, 139b, ..., 139m 

can be output from one relay unit output wire (a relay 

terminal block output wire) 21.  The ground wire 130 is 

connected to a ground wire 22. 

[0067] 

 The input/output module 20 associates select signals 

input from the select signal transmission wires 137 with 

signals input from the output signal transmission wires 

139a, 139b, ..., 139m of the respective relay modules 1a, 

1b, ..., 1m, and further associates combinations of a 

select signal and each of the relay module 1a, 1b, ..., 

1m with signals input from the respective output signal 

transmission wires 139a, 139b, ..., 139m (which may be 

hereinafter referred to as data signals). 

 Since each select signal is n-bit information (data) 

as described above, the select signal can be identified, 

for example, by an identification number of a binary 
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value from 0 to 2n.  Therefore, each of signals input 

from the input signal wires 2 can be uniquely decided by 

a combination of an identification number of a select 

signal and an identification number identifying any of 

the output signal transmission wires 139a, 139b, ..., 

139m, that is, the relay modules 1a, 1b, ..., 1m (for 

example, an integer number from 1 to k of the relay 

modules 1). 

[0068] 

 The input/output module 20 is provided with a select 

signal input port 23 to which the select signal 

transmission wires 137 are connected and a relay module 

signal input port 24 to which the output signal 

transmission wires 139a, 139b, ..., 139m of the relay 

modules 1a, 1b, ..., 1m are connected. 

 A select signal is input from the select signal 

input port 23, and signals from the relay modules 1a, 

1b, ..., 1m are input from the relay module signal input 

port 24. 

 Furthermore, the input/output module 20 is provided 

with an arithmetic processing unit 25.  Each time a 

select signal is input (or changed), each of data signals 

(or content of the data signals, that is, pieces of data) 

input from the output signal transmission wires 139a, 

139b, ..., 139m and the value of the select signal (or a 

combination thereof) are once stored into a storage 

device of the arithmetic processing unit 25, and a 
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combination of a select signal identification number, a 

relay module identification number and the data signal is 

sequentially output from the relay terminal block output 

wire 21 as digital signals. 

[0069] 

 The ADC 14 may be provided not in each relay module 

1 but, for example, in the relay module signal input port 

24 of the input/output module 20. 

[0070] 

 As for signals input from the input signal wires 2, 

the input signal wires 2 (or the apparatuses) are 

identified, and the signals can be output as serial 

signals by a relay terminal block communication port (a 

relay terminal block input/output port) 26 via the relay 

terminal block output wire 21. 

 Since each of the output serial signals is provided 

with a select signal identification number and a relay 

module identification number, each input signal wire 2 

(or each apparatus) can be identified by software, and 

monitoring or analysis can be performed in a device that 

receives and analyzes the serial signal (the monitoring 

device or the measuring instrument). 

 For example, it becomes possible to easily perform 

monitoring and analysis by a commercially available 

personal computer or the like, and it becomes possible to, 

even if the number of the input signal wires 2 increases, 

and the number of the relay modules 1 increases, easily 
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and flexibly respond thereto by minor changes of software 

and the like. 

[0071] 

 Further, the relay terminal block communication port 

26 may be provided with a relay terminal block input wire 

27. 

 The relay terminal block input wire 27 may be 

configured to receive a request signal from a device that 

receives signals transmitted from the relay unit 100 (the 

monitoring device or the measuring instrument) and output 

a signal corresponding to a select signal identification 

number and a relay module identification number specified 

by the request signal. 

 In this case, in response to the request signal 

input from the relay terminal block input wire 27, the 

arithmetic processing unit 25 may read data corresponding 

to the select signal identification number and the relay 

module identification number from data stored in the 

storage device and output the data from the relay 

terminal block communication port 26 via the relay 

terminal block output wire 21. 

[0072] 

 As shown in Figure 6, the relay terminal block input 

wire 27, the relay terminal block output wire 21 and the 

ground wire 22 are connected to an external terminal 28 

for monitoring or measurement, from the relay terminal 

block communication port 26.  In the external terminal 28, 
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combinations of a select signal identification number and 

a relay module identification number are associated with 

names or types of apparatuses at a site corresponding to 

the input signal wires 2, respectively, and registered, 

for example, as a database in a table format or the like, 

in a storage device included or externally attached to 

the external terminal 28.  Data of each apparatus can be 

sequentially read by specifying a table number (a number 

allocated to the apparatus) of the registered database. 

[0073] 

 Figure 7 shows one method of use.  As shown in 

Figure 7, the external terminal 28 reads a select signal 

identification number and a relay module identification 

number corresponding to a table number i of the 

registered database from the storage device and transmits 

the select signal identification number and the relay 

module identification number to the relay unit 100 via 

the relay terminal block input wire 27. 

 The relay unit 100 reads data corresponding to the 

received combination of the select signal identification 

number and the relay module identification number from a 

storage device of the relay unit 100.  The storage device 

may be a storage device included in each of the relay 

modules 1a, 1b, ..., 1m, but a storage device common to 

the relay modules 1a, 1b, ..., 1m may be included in the 

relay unit 100, for example, in the input/output module 

20. 
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[0074] 

 After that, the relay unit 100 transmits the read 

data to the external terminal 28.  The external terminal 

28 receives the data and appropriately performs storage, 

display, analysis or the like, associating the data with 

the combination of the select signal identification 

number and the relay module identification number.  After 

that, the table number i is advanced by 1. 

 The table number i is sequentially advanced from 1 

until the table number i is equal to the total number of 

input signals (pieces of input data) input from the input 

signal wires 2.  When the table number i reaches the 

total number, i is returned to 1.  Thus, by periodically 

changing the table number i, the state of each apparatus 

can be monitored or measured at any time. 

 Instead of periodically changing the table number, a 

required table number may be directly specified from the 

external terminal 28 to transmit a data transmission 

request to the relay unit 100. 

 Further, when the relay unit 100 transmits data in 

response to a request from the external terminal 27, only 

corresponding data may be transmitted without 

transmitting the combination of a select signal 

identification number and a relay module identification 

number. 

 Figure 7 shows an example of a communication method, 

and the communication method is not limited thereto. 
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[0075] 

 In all the embodiments, power for the selective 

signal transmission device 6, the select signal 

generation device 7, the ADC 14, the photocouplers 16, 

the LED indicators 19, the input/output module 20, the 

arithmetic processing device 34 and the like is supplied 

from a power source not shown.  The power source may be 

included in each relay module 1, the relay unit 100 or 

the input/output module 20 or may be externally installed. 

[0076] 

(Sixth embodiment) 

 In the fifth embodiment shown in Figure 6, the relay 

modules 1a, 1b, ..., 1m can be included in the relay unit 

100.  By connecting the relay modules 1a, 1b, ..., 1m to 

the relay unit 100 via the input/output terminal blocks 

12, the number of relay modules can be easily increased. 

[0077] 

 According to the present sixth embodiment, it 

becomes possible to connect a plurality of relay modules 

1 to one another and further improve expandability.  

Detailed explanation will be made below with reference to 

Figures 8(a) and 8(b). 

[0078] 

 As shown in Figure 8(a), analog signals or digital 

signals are input from the input signal wires 2 connected 

to the input terminal block 4 and input to a controller 

51 via the connection wires 5 (the input signal 



- 41 - 

transmission wires 5S).  In the controller 51, the select 

signal generation device 6 outputs one input signal 

sequentially selected by the select signal generation 

device 7 to an arithmetic processing unit 61 via the ADC 

14. 

 When the input signal is a digital signal, the ADC 

14 can be omitted, and the input signal can be directly 

input to the arithmetic processing unit 61. 

 The arithmetic processing unit 61, the select signal 

generation device 6, the select signal generation device 

7, the ADC 14 and the like, which are components of the 

relay module 1, are included in one case 59 and are 

easily carried and stored. 

[0079] 

 When the input signal is an analog signal, the 

voltage value of the input signal can be quantified and 

output as a digital numerical value.  As a result, the 

relay module 1 measures the voltage of the input signal. 

 Further, it is also possible to, by quantifying a 

difference between potentials of both ends of a resistor 

with a known resistance value, as a digital numerical 

value by the ADC 14, measure the current value of the 

input signal by the relay module 1. 

[0080] 

 As already stated, the identification number of an 

input signal (an input signal wire) indicated, for 

example, by a binary number of 0 to 2n can be identified 
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from an output of the select signal generation device 7.  

In the configuration shown in Figure 6, the 

identification number can be identified from an output of 

the select signal generation device 7 via the select 

signal input port 23.  In comparison, in the 

configuration in Figure 8(a), the arithmetic processing 

unit 61 can identify the identification number of the 

input signal from an output of the select signal 

generation device 7.  For example, the arithmetic 

processing unit 61 can include the function of the select 

signal input port 23.  On the contrary, the arithmetic 

processing unit 61 can control the select signal 

generation device 7 to output an input signal 

corresponding to an identification number. 

[0081] 

 The arithmetic processing unit 61 has an 

input/output unit (an I/O unit), and a connector 52 that 

enables electrical connection between the arithmetic 

processing unit 61 and the external terminal 28 is fixed 

to the case 59.  The arithmetic processing unit 61 is 

connected to the connector 52 by connection wires 50.  

The input/output unit can output each digitized input 

signal, associating the input signal with an 

identification number, to an external apparatus such as 

the external terminal 28 via a signal wire included in 

the connection wires 50 and a signal wire of an electric 

cable 53 connected to the connector 52.  For example, an 
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identification number can be added to the header of each 

input signal to sequentially output the input signal to 

the outside via the electric cable 53. 

 The arithmetic processing unit 61 may have a storage 

device.  The digital value of each input signal may be 

temporarily stored, and the input signal may be 

sequentially output to the outside via the electric cable 

53, being associated with an identification number. 

 Thus, the relay module 1 has a function of serially 

outputting signals input in parallel from the input 

signal wires 2 via the input signal transmission wires 5S. 

[0082] 

 Further, when input signals input from the external 

signal wires 2 are digital signals, the arithmetic 

processing unit 61 of the controller 51 may convert the 

input signals input in parallel via the input terminal 

block 4 and the connection wires 5 (the input signal 

transmission wires 5S) to serial signals, using neither 

the select signal generation device 6 nor the select 

signal generation device 7 (see Figure 8(b)).  In this 

case, for example, the arithmetic processing unit 61 is 

provided with a shift register so that the input signals 

can be converted to serial by the shift register. 

 In any of the configurations shown in Figures 8(a) 

and 8(b), the relay module 1 serially outputs a plurality 

of input signals input in parallel from the input signal 

transmission wires 5S to the external apparatus (the 
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external terminal 28) via the connection wires 50 and the 

connector 52. 

[0083] 

 The electric cable 53 and the connection wires 50 

individually include a power supply wire in addition to a 

signal wire, and power can be supplied to the relay 

module 1 from the external terminal 28 via the electric 

cable 53 and the connection wires 50. 

 When power is supplied to the arithmetic processing 

unit 61, the arithmetic processing unit 61 supplies power 

to the selective signal transmission device 6, the select 

signal generation device 7, the ADC 14 and the other 

electric devices (LEDs and the like) in the relay unit 

100. 

 Thus, data communication and power supply can be 

performed via the electric cable 53 connecting the 

external terminal 28 and the relay module 1. 

[0084] 

 Furthermore, two connectors (connectors 54 and 55) 

are fixed to the case 59.  As the connectors 54 and 55, 

for example, connectors in a male/female relationship can 

be used so that they are in a relationship that they can 

be fitted to each other.  In this case, adjoining relay 

modules among the relay modules 1a, 1b, ..., 1m can be 

easily mechanically connected and can be electrically 

connected by directly fitting and connecting the 

connector 54 and the connector 55 to each other. 
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 The structures of the connectors 54 and 55 are not 

limited to the above.  For example, the connectors 54 and 

55 may be coupled with each other with an intermediate 

part between them. 

[0085] 

 The arithmetic processing unit 61 electrically 

connects the relay modules 1a, 1b, ..., 1m with one 

another via interconnection cables 56 and 57 (connected 

to the connectors 54 and 55).  For example, as shown in 

Figure 9(a), an interconnection cable 56b of the relay 

module 1b is connected to an interconnection cable 57a of 

the relay module 1a connected on the left side of Figure 

9(a), and an interconnection cable 57b of the relay 

module 1b is connected to an interconnection cable 56c of 

the relay module 1c connected on the right side of Figure 

9(a). 

[0086] 

 Between the adjoining relay modules 1a and 1b, 

supply and reception of power are enabled by power wires 

included in the interconnection cables 56 and 57.  For 

example, power can be supplied from the relay module 1b 

to which power has been supplied by the electric cable 53 

via a connector 52b to the relay modules 1a and 1c via 

the interconnection cables 56b and 57b, respectively; and 

the relay modules 1a and 1c can receive the power via the 

interconnection cables 57a and 56c, respectively.  

Similarly, supply and reception of power between the 
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relay module 1c and the relay module 1d can be performed 

via interconnection cables 57c and 56d.  Thus, power 

supply is sequentially enabled among the relay modules 1. 

[0087] 

 Furthermore, signals can be input and output between 

the adjoining relay modules 1a and 1b via signal wires 

included in the interconnection cables 56 and 57.  Unique 

device numbers (ID numbers) are allocated to the 

respective relay modules 1a, 1b, ... 1m, so that mutual 

communication by signal wires is enabled. 

[0088] 

 A relay module 1 with the electric cable 53 

connected to the connector 52 thereof (for example, the 

relay module 1b) is specified as a master (a parent 

device).  For example, by the method described below, the 

relay module 1 detects that the electric cable 53 has 

been connected to the connector 52 thereof (hereinafter 

referred to as external connection) and recognizes that 

the relay module 1 is a master.  As a result, the relay 

module 1b can be automatically specified as a master. 

[0089] 

 The electric cable 53 includes a signal wire for 

specifying a master (hereinafter referred to as a 

specification wire), and the specification wire is 

connected to the ground wire of the electric cable 53.  

The arithmetic processing unit 61 of the controller 51 of 

the relay module 1 to which the electric cable 53 is 
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connected judges whether an input/output terminal of the 

arithmetic processing unit 61 connected to the 

specification wire is connected to the ground (short-

circuited) or not (open-circuited).  If the input/output 

terminal is connected to the ground, the controller 51 

(the arithmetic processing unit 61) recognizes that the 

relay module 1 is a master.  Otherwise, the controller 51 

(the arithmetic processing unit 61) recognizes that 

recognizes that the relay module 1 is a slave (a child 

device). 

 Further, the arithmetic processing unit 61 may 

recognize whether the relay module 1 is a master or a 

slave depending on whether voltage is applied to the 

power source wire of the electric cable 53 or not. 

 Hereinafter, for simplification, a relay module 

specified as a master will be referred to as a master 

relay module, and other relay modules specified as slaves 

will be referred to as slave relay modules. 

[0090] 

 The master relay module 1b outputs the recognition 

result that the relay module 1b is a master, to the 

adjoining slave relay modules 1a and 1c via the 

interconnection cables 56b and 57b using the arithmetic 

processing unit 61b (see Figure 9(a)). 

 The master relay module 1b may transmit a device 

number (an ID number) assigned to the master relay module 

1b to communicate the recognition result that the relay 
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module 1b is a master, to the slave relay modules 1a and 

1c.  However, particular signal wires (direction 

indication wires) may be provided in the interconnection 

cables 56b and 57b so that the relay module 1b may 

communicate the recognition result to the slave relay 

modules 1a and 1c by setting the direction indication 

wires, for example, to L (low level) or H (high level). 

[0091] 

 For example, in the case of transmitting serial 

signals from the slave relay modules 1a and 1c to the 

master relay module 1b, it is necessary for the slave 

relay modules 1a and 1c to recognize the position where 

the master relay module 1b is arranged.  Therefore, the 

position (or the direction) of the master relay module 1b 

is communicated to the slave relay modules 1a and 1c 

using the interconnection cables 56 and 57 as shown below. 

[0092] 

 As shown in Figure 9(a), the slave relay module 1a 

(directly) inputs the master relay module 1b recognition 

result from the interconnection cable 56b of the master 

relay module 1b, which is connected to a connector 55a 

side (in the right direction of Figure 9(a)) via the 

interconnection cable 57a.  For example, the slave relay 

module 1a detects that the direction indication wire of 

the interconnection cables 56b is L via the 

interconnection cable 57a using the controller 51 (the 

arithmetic processing unit 61). 
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 Therefore, the slave relay module 1a recognizes that 

the master relay module 1b exists on the connector 55a 

side.  Then, the slave relay module 1a outputs the master 

relay module 1b recognition result to an interconnection 

cable 56a connected to the other connector 54a.  For 

example, the direction indication wire of the 

interconnection cable 56a is set to L. 

[0093] 

 Similarly, the slave relay module 1c (directly) 

inputs the master relay module 1b recognition result from 

the master relay module 1b connected to a connector 54c 

side (on the interconnection cable 56c side) via the 

interconnection cable 56c.  For example, it is detected 

that the direction indication wire of the interconnection 

cable 57b connected to a connector 55b is L, via the 

interconnection cable 56c. 

 Therefore, the slave relay module 1c recognizes that 

the master relay module 1b exists on the connector 54c 

side.  Then, the slave relay module 1c sets the direction 

indication wire of the interconnection cable 57c 

connected to the other connector 55c to L. 

[0094] 

 Since the slave relay module 1d is not directly 

connected to the master relay module 1b, the slave relay 

module 1d cannot directly input the master relay module 

1b recognition result.  The slave relay module 1d can 

(indirectly) input the master relay module 1b recognition 
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result from the slave relay module 1c connected to a 

connector 54d side (on the interconnection cable 56d 

side) via the interconnection cable 56d.  That is, the 

slave relay module 1d recognizes that the master exists 

on the connector 54d side. 

 Then, the slave relay module 1d sets the direction 

indication wire of an interconnection cable 57d connected 

to the other connector 55d to L. 

[0095] 

 Thus, the slave relay modules 1a, 1c and 1d can 

recognize in which direction (on which of the connector 

54 side and the connector 55 side) the master relay 

module 1b exists not only in the case of being directly 

connected to the master relay module 1b but also in the 

case of being indirectly connected to the master relay 

module via a slave relay module. 

 For convenience, for each slave relay module, a 

direction in which a master relay module exists will be 

referred to as upstream, and a direction far from the 

master relay module will be referred to as downstream. 

[0096] 

 Though Figure 9(a) shows an example of the four 

relay modules 1a, 1b, 1c and 1d, the same goes for a case 

where an arbitrary number of relay modules 1 are coupled. 

 Thus, when the electric cable 53 is connected to any 

of the relay modules 1a, 1b, ..., 1m, a relay module 1k 

to which the electric cable 53 is connected is recognized 
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as a master, and the other relay modules 1a, 1b, ..., 1m, 

which are slaves, can automatically and sequentially 

recognize in which direction the master relay module 1k 

is connected. 

 These operations can be executed by the arithmetic 

processing unit 61 in each relay module 1, and, for 

example, a microcomputer or a combination of a 

microcomputer, a storage device and the like can be used 

as the arithmetic processing unit 61. 

[0097] 

 When connection order of the relay modules 1a, 

1b, ... 1m to which device numbers (ID numbers) are 

assigned is decided in advance, each of the slave relay 

modules 1a, 1b, ..., 1m may recognize the position of the 

master relay module 1k by inputting the device number 

(the ID number) of the master relay module 1k via the 

connectors 54 and 55.  However, by grasping the direction 

of the master relay module 1k by the direction indication 

wire via the connectors 54 and 55 as described above, the 

worker does not have to connect the relay modules 1a, 

1b, ..., 1m in order decided in advance, and it is 

possible to reduce the workload of the worker at the site. 

[0098] 

 As described above, each relay module can detect 

whether there is external connection to the connector 52 

or not and automatically recognize whether the relay 

module is a master or a slave; and a relay module that 
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has recognized that the relay module is a slave can 

automatically recognize a direction in which a master 

relay module exists. 

 Therefore, the worker completes specification of 

relay modules as a master and slaves only by connecting 

the electric cable 53 to the connector 52. 

[0099] 

 It is also possible to make a configuration in which, 

for example, each arithmetic processing unit 61 is 

provided with a DIP switch or the like, the worker 

selectively sets (specifies) whether each relay module is 

a master or a slave by manual work, and each relay module 

can selectively recognize whether the relay module is a 

master or a slave according to the state of the dip 

switch.  However, by adopting the configuration described 

above, the burden of the setting work on the worker can 

be further reduced. 

[0100] 

 A slave relay module 1i that has recognized that it 

is a slave outputs signals input in parallel from input 

signal wires 2i (via the input signal transmission wires 

5S) as serial signals in a direction in which the master 

relay module 1k is connected (upstream) via an 

interconnection cable 56i (a connector 54i) or an 

interconnection cable 57i (a connector 55i).  At this 

time, the slave relay module 1i adds a device number (an 

ID number) uniquely assigned to each relay module to the 
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headers of the serial signals and outputs the serial 

signals to the upstream side via the interconnection 

cable 56i or 57i.  Therefore, each of the serial signals 

output from the slave relay module 1i includes at least 

the device number of the slave relay module 1i, any of 

the input signals input from the input signal wires 2i 

and an identification number corresponding to the input 

signal. 

[0101] 

 When serial signals generated by another slave relay 

module 1j (a slave relay module 1j on the downstream 

side) are input via the interconnection cables 56i or 57i, 

the slave relay module 1i outputs serial signals 

generated by the slave relay module 1j and the serial 

signals generated by the other slave relay module 1i to 

the upstream side.  For example, after the serial signals 

generated by the slave relay module 1i are output, the 

serial signals generated by the downstream-side slave 

relay module 1j are output.  Thus, serial signals 

generated by the slave relay modules li and the like can 

be lined up in order from the upstream side to the 

downstream side and sequentially transmitted to the 

upstream side as new serial signals. 

 Further, each slave relay module may add input 

signal receiving time to transmit each serial signal to 

the upstream side. 
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 The order of transmitting serial signals is not 

limited to the above but can be appropriately changed. 

[0102] 

 Thus, the master relay module 1k inputs serial 

signals of all the connected slave relay modules 1a, 

1b, ..., 1m via interconnection cables 56k and 57k. 

 The master relay module 1k sequentially outputs 

serial signals generated by the master relay module 1k 

itself (each of which includes the device number of the 

master relay module 1k, any of input signals input from 

the input signal wires 2k and an identification number 

corresponding to the input signal) and serial signals 

generated by the slave relay modules 1a, 1b, ..., 1m to 

an external apparatus such as the external terminal 28 

via the signal wire of an electric cable 53k connected to 

a connector 52k.  That is, the master relay module 1k 

outputs parallel signals configured with a plurality of 

input signals input from the input signal wires 2k via 

the input signal transmission wires 5S and serial signals 

input from the slave relay modules 1a, 1b, ..., 1m to the 

outside via the connector 52 as serial signals. 

 At this time, for example, an arithmetic processing 

unit 61k may cause the serial signals of the relay 

modules to be once stored into its storage device, 

sequentially read the serial signals from the storage 

device and output the serial signals to an external 

apparatus such as the external terminal 28. 
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[0103] 

 Therefore, the external terminal 28 can receive 

input signals input to all the relay modules 1, 

distinguishing among the relay modules 1a, 1b, ..., 1m 

and among the input signals input to input signal wires 

2a, 2b, ..., 2m of the relay modules 1a, 1b, ..., 1m. 

[0104] 

 As described above, the interconnection cables 56 

and 57 relay input and output of signals between 

adjoining relay modules.  Therefore, each of the 

interconnection cables 56 and 57 may be divided into an 

input cable and an output cable, and each of the 

connectors 54 and 55 may be divided into an input 

connector and an output connector to correspond to the 

input and output cables. 

[0105] 

 Figures 9(b) and 9(c) are diagrams in which the 

relay modules 1 are seen on the input terminal block 4 

side.  Figure 9(b) shows an example in which the 

plurality of relay modules 1 are connected in the 

horizontal direction of Figure 9(b) (an X direction), and 

Figure 9(c) shows an example in which the plurality of 

relay modules 1 are connected in the vertical direction 

of Figure 9(c) (a Y direction). 

 The plurality of relay modules 1 can be linearly 

coupled with one another by the mutually facing 

connectors 54 and 55.  The direction of coupling can be 
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appropriately adjusted according to arrangement of the 

connectors 54 and 55 installed on the cases 59 as shown 

in Figures 9(b) and 9(c). 

 The number of coupled relay modules 1 can be 

appropriately set to, for example, four, eight or the 

like, and the maximum number that can be coupled can be 

decided according to the processing capacity of the 

arithmetic processing units 61. 

[0106] 

 As shown in Figure 10, a plurality of coupled relay 

modules 1 can be contained in a case 60 to make an 

expandable relay unit 100.  The plurality of relay 

modules 1 that are mutually coupled via the connectors 54 

and 55 constitute relay module groups 58.  The plurality 

of relay module groups 58 can be contained in the case 60. 

 Each electric cable 53 is connected to an external 

apparatus (the external terminal 28) existing outside the 

case 60. 

[0107] 

 The worker can connect a plurality of relay modules 

1 via the connectors 54 and 55 and connect an electric 

cable 53 to the connector 52 of one relay module. 

 As a result, one master relay module 1 and slave 

relay modules are automatically specified for each relay 

module group 58, and each slave relay module 1 recognizes 

a direction (a relative position) in which the master 

relay module 1 exists.  Then, such a relay unit 100 can 
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be configured that serially outputs all input signals 

input in parallel for each relay module group 58 to the 

external terminal 28 via one master relay module 1. 

 Therefore, it is possible to significantly reduce 

the workload of the worker. 

[0108] 

 One external terminal 28 may be connected to each 

relay module group 58, or the plurality of relay module 

groups 58 may be connected to one external terminal 28 as 

shown in Figure 10. 

[0109] 

 Further, though each of all the relay module groups 

58 (58a, 58b and 58c) shown in Figure 10 is configured by 

coupling four relay modules 1, a different number of 

relay modules 1 may be coupled.  For example, the relay 

module group 58a, the relay module group 58b and the 

relay module group 58c may be configured by coupling four 

relay modules 1, eight relay modules 1 and two relay 

modules 1, respectively. 

[0110] 

 In the drawings, for visibility, ground wires may be 

appropriately omitted, and a plurality of signal wires 

may be shown as one signal wire. 

 

Industrial applicability 

[0111] 
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 According to the present invention, by adopting the 

present invention for a relay module for central 

monitoring or the like for performing centralized 

monitoring, measurement or the like of states of 

apparatuses at a site, reduction in a wire connection 

workload for the relay module, shortening of work time 

and space saving for a remote module are enabled, and the 

industrial availability is great. 

 

Reference Signs List 

[0112] 

1 Relay module 

2 Input signal wire 

2S Signal transmission wire 

2G Ground wire 

3 Terminal 

4 Input terminal block 

5 Connection wire 

5S Input signal transmission wire 

5G Input signal ground wire 

6 Selective signal transmission device 

7 Select signal generation device 

8 Connection wire 

9 Output signal wire 

10 Ground wire 

11 Terminal 

12 Input/output terminal block 
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13 Output signal wire 

130 Ground wire 

137 Select signal transmission wire 

139 Output signal transmission wire 

14 ADC (analog-digital converter) 

15 Substrate (case) 

16 Photocoupler 

17 Output signal wire 

18 Ground wire 

19 LED indicator 

20 Input/output module 

21 Relay terminal block output wire 

22 Ground wire 

23 Select signal input port 

24 Relay module signal input port 

25 Arithmetic processing unit 

26 Relay terminal block communication port 

27 Relay terminal block input wire 

28 External terminal 

30 Operational amplifier 

31 Switch element 

32 Select signal wire 

33 Load (resistance) 

34 Arithmetic processing device (digital signal 

generation device) 

35 LED controller 

36 RGB signal wire 
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37 Output wire 

38 Distribution device (demultiplexer) 

39 Select signal wire 

40 Output signal wire (distribution signal wire) 

41 Full color LED 

42 Switch element (LED opening/closing element) 

50 Connection wire 

51 Controller 

52 Connector 

53 Electric cable 

54 Connector 

55 Connector 

56 Interconnection cable 

57 Interconnection cable 

58 Relay module group 

59 Case 

60 Case 

61 Arithmetic processing unit 

100 Relay unit (relay terminal block) 
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Claims 

 

[Claim 1] 

 A relay terminal block for relaying a plurality of 

input signals input from an external measurement 

apparatus and outputting the plurality of input signals 

to an external terminal for monitoring or measurement, 

the relay terminal block comprising: 

 a relay module; and 

 a select signal generation device for periodically 

generating a select signal, wherein 

 the relay module comprises: 

 a plurality of input signal transmission wires and 

one output signal transmission wire; 

 a plurality of select signal transmission wires for 

transmitting the select signal; and 

 a plurality of terminals to which the select signal 

transmission wires are connected; and 

 the relay module periodically and sequentially 

selects one input signal specified by the select signal 

input via the plurality of terminals, from among the 

plurality of input signals, and outputs the selected 

input signal via any of the plurality of terminals and 

the output signal transmission wire. 
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[Claim 2] 

 The relay terminal block according to claim 1, 

comprising a relay module for relaying an input signal 

and outputting the input signal to the external terminal 

by being connected to the relay terminal block, wherein 

 the relay module comprises: 

 a plurality of input signal transmission wires and 

one output signal transmission wire; and 

 a plurality of select signal transmission wires for 

transmitting the select signal; and 

 the relay module periodically and sequentially 

selects one input signal specified by the select signal, 

from among the plurality of input signals, and outputs 

the selected input signal via the output signal 

transmission wire. 

[Claim 3] 

 The relay terminal block according to claim 1 or 2, 

further comprising an ADC, wherein 

 the selected input signal input to the input signal 

transmission wire is connected to the ADC, and 

 an output of the ADC is connected to the output 

signal transmission wire. 

[Claim 4] 

 The relay terminal block according to any one of 

claims 1 to 3, further comprising a plurality of 

photocouplers, wherein 
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 the input signal transmission wires are connected to 

the respective photocouplers, and 

 one input signal is periodically and sequentially 

selected from among signals input via the plurality of 

photocouplers. 

[Claim 5] 

 The relay terminal block according to any one of 

claims 1 to 3, further comprising LED indicators, wherein 

 the input signal transmission wires are connected to 

the respective LED indicators. 

[Claim 6] 

 The relay terminal block according to claim 1, 

comprising the plurality of input signal transmission 

wires, a first connector, a second connector, a third 

connector and a controller, wherein 

 the controller enables signals input via the first 

connector, the second connector and the input signal 

transmission wires to be serially output via the third 

connector when recognizing that the relay module is a 

master, and enables signals input via the input signal 

transmission wires to be serially output via the first 

connector or the second connector when recognizing that 

the relay module is a slave. 

[Claim 7] 

 The relay terminal block according to claim 6, 

wherein 
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 the relay module recognizes that the relay module is 

a master when detecting that there is external connection 

at the third connector, and recognizes that the relay 

module is a slave when detecting that there is no 

external connection at the third connector. 

[Claim 8] 

 A relay terminal block comprising a plurality of the 

relay modules according to claim 6 or 7, wherein 

 at least the first connector of each of the relay 

modules is electrically connected to the second connector 

of another relay module adjoining to the relay module, or 

the second connector of the relay module is electrically 

connected to the first connector of another relay module 

adjoining to the relay module. 

[Claim 9] 

 The relay terminal block according to claim 8, 

wherein 

 one of the plurality of relay modules electrically 

connected to one another via the first connector or the 

second connector is specified as a master relay module, 

and the other relay modules are specified as slave relay 

modules, 

 the slave relay modules serially output signals 

input via the input signal transmission wires to the 

master relay module side via the first connector or the 

second connector, and 
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 the master relay module serially outputs signals 

input via the input signal transmission wires and input 

signals input via at least one of the first connector and 

the second connector, via the third connector. 


