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POWER SUPPLY MODULE AND POWER SUPPLY 
UNIT USING THE SAME 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a power supply 
module and a power Supply unit using Such a power Supply 
module. 

DESCRIPTION OF THE RELATED ART 

0002. As for various switching power supplies used for 
various machine facilities and the like in factories and 
plants, Switching power Supplies which have the same 
output Voltage but are different in output W, Such as Switch 
ing power supplies for 15 W, 30 W, 50 W and 100 W, which 
are different in output W, i.e., power Supply capacity, are 
manufactured and Sold at requests, in use, of power Supply 
USCS. 

0003. In the case of Switching power supplies having 
different power Supply capacities, however, the Size of the 
casing, arrangement of a circuit board in the casing, the size 
and arrangement of a transformer and the like differ depend 
ing upon the power Supply capacity even if the output 
Voltage is the same. 
0004. Therefore, power supply manufactures need to 
newly conduct development and design for every Switching 
power Supply which differs in power Supply capacity. Since 
development costs are necessary for every Switching power 
Supply which differs in power Supply capacity, the sales 
prices of power Supplies are affected. 

0005 Furthermore, as for the user as well, when there has 
occurred the need to use a Switching power Supply having a 
power Supply capacity different from that used until then 
according to a load to be used, the user needs to newly 
purchase a Switching power Supply having the power Supply 
capacity. Thereupon, the number of Switching power Sup 
plies to be used increases, and the purchase costs increase. 

SUMMARY OF THE INVENTION 

0006 Therefore, a main object of the present invention is 
to provide Such a power Supply module that its power Supply 
capacity can be arbitrarily Set by combining a plurality of 
power Supply units. 
0007 Another object of the present invention is to pro 
vide Such a power Supply module that it can be used as a 
power Supply having an arbitrary power Supply capacity and 
its power Supply manufacturer needs to conduct develop 
ment design of Substantially one power Supply unit. 
0008 Still another object of the present invention is to 
provide Such a power Supply module that its user can Set a 
power Supply having a power Supply capacity depending 
upon a load to be used and the necessity for the user to 
individually purchase power Supplies of different capacities 
can be eliminated. 

0009. Other and further objects, features and advantages 
of the present invention will become apparent from the 
description below. 
0010. In accordance with the present invention, a power 
Supply module includes: a first power Supply unit for con 
Verting an external AC voltage inputted thereto to a DC 
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Voltage, outputting the DC voltage, and Supplying the exter 
nal AC Voltage to other power Supply units, and one or a 
plurality of Second power Supply units for converting an 
external AC voltage inputted thereto to a DC voltage and 
outputting the DC voltage, the Second power Supply units 
being connected in parallel with the first power Supply unit, 
and an arbitrary power Supply capacity is obtained by Setting 
a number of the Second power Supply units connected in 
parallel with the first power Supply unit. 
0011. In accordance with the present invention, prefer 
ably both the first power Supply unit and the Second power 
Supply units can be attached to a DIN rail, and when 
expanding a power Supply capacity, the Second power Sup 
ply unit is attached to the DIN rail and connected in parallel 
with the first power Supply unit. 
0012. In accordance with the present invention, prefer 
ably the first and Second power Supply units have an 
identical power Supply capacity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 These and other objects as well as advantages of 
the invention will become clear by the following description 
of preferred embodiments of the invention with reference to 
the accompanying drawings, wherein: 
0014 FIG. 1 is a front view of a master power supply 
unit attached to a DIN rail in a power Supply module 
according to a first preferred embodiment of the present 
invention; 
0015 FIG. 2 is a front view of a master power supply 
unit attached to a DIN rail as shown in FIG. 1 and one 
expansion power Supply unit connected to the master power 
Supply unit; 
0016 FIG. 3 is a front view of a master power supply 
unit attached to a DIN rail as shown in FIG. 1 and two 
expansion power Supply units connected to the master power 
Supply unit; 
0017 FIG. 4 is a front view of a master power supply 
unit attached to a DIN rail as shown in FIG. 1 and three 
expansion power Supply units connected to the master power 
Supply unit; 
0018 FIG. 5 is an electric circuit diagram of a power 
supply module in a state of FIG. 4; 
0019 FIG. 6 is a front view of a power supply module 
according to a Second preferred embodiment of the present 
invention; 
0020 FIG. 7 is an electric circuit diagram of a power 
supply module of FIG. 6; 
0021 FIG. 8 is a front view of a master power supply 
unit in a power Supply module according to a third preferred 
embodiment of the present invention; 
0022 FIG. 9 is an electric circuit diagram of a power 
Supply module using a master power Supply unit of FIG. 8; 
0023 FIG. 10 is a front view of a power supply module 
according to a fourth preferred embodiment of the present 
invention; 
0024 FIG. 11 is a front view of a power supply module 
according to a fifth preferred embodiment of the present 
invention; 
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0.025 FIG. 12 is a circuit diagram of a terminal box in a 
power supply module of FIG. 11; 
0.026 FIG. 13 is a front view of a power supply module 
according to a Seventh preferred embodiment of the present 
invention; 
0.027 FIG. 14 is a front view of a power supply module 
according to an eighth preferred embodiment of the present 
invention; 
0028 FIG. 15 is a front view of a power supply module 
according to a ninth preferred embodiment of the present 
invention; 
0029 FIG. 16 is a front view of a power supply module 
according to a tenth preferred embodiment of the present 
invention; 
0030 FIG. 17 is an electric circuit diagram of a power 
supply module of FIG. 16; 
0.031 FIG. 18 is an electric circuit diagram of a power 
Supply unit used in a power Supply module according to an 
eleventh embodiment of the present invention; 
0.032 FIG. 19 is a perspective view of a power supply 
unit of FIG. 18 seen from the front side; 
0.033 FIG. 20 is a perspective view of a power supply 
unit of FIG. 18 seen from the rear side; 
0034 FIG. 21 is an exploded perspective view of a 
power supply unit of FIG. 18; 
0.035 FIG.22 is an enlarged perspective view of a circuit 
board in a power supply unit of FIG. 21; 
0.036 FIG. 23 is an electric circuit diagram of a power 
Supply module according to a twelfth embodiment of the 
present invention; 
0037 FIG. 24 is a perspective view of a pair of power 
Supply units and a connector used for connection between 
them in a power supply module of FIG. 23; 
0.038 FIG. 25 is a perspective view of a power supply 
module of FIG. 23; 
0.039 FIG. 26A is an enlarged perspective view of a 
connector shown in FIG. 24 seen from one side; 
0040 FIG. 26B is an enlarged perspective view of a 
connector shown in FIG. 26A seen from the other side; 

0041 FIG. 26C is a front view of a connector shown in 
FIG. 26A; 
0.042 FIG. 27 is an enlarged front view of a power 
supply module of FIG. 23 with a part thereof being sec 
tioned longitudinally, 
0.043 FIG. 28 is a sectional view taken along a line a-a 
of FIG. 27; 
0044 FIG. 29 is a sectional view taken along a line b-b 
of FIG. 27; 
004.5 FIG. 30 is an electric circuit diagram of a power 
Supply module according to a thirteenth preferred embodi 
ment of the present invention; 
0.046 FIG. 31 is an enlarged perspective view of a 
connector used in a power Supply module according to a 
fourteenth preferred embodiment of the present invention; 

Nov. 29, 2001 

0047 FIG. 32 is an electric circuit diagram of a power 
Supply module according to a fourteenth preferred embodi 
ment of the present invention. 
0048. In all these figures, like components are indicated 
by the same numerals. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0049. Hereinafter, details of the present invention will be 
described by referring to embodiments shown in the draw 
ing. 
0050 A power supply module according to a first pre 
ferred embodiment of the present invention will now be 
described by referring to FIGS. 1 to 5. 
0051. As one example of a combination of power supply 
units, each of power supply modules shown in FIGS. 1 to 5 
has a combination of a plurality of power Supply units 2 to 
5 having the same output voltage and the same power Supply 
capacity. 
0052 As a master power Supply unit, a power Supply unit 
2 is Supplied with an external AC voltage. The power Supply 
unit 2 converts the external AC Voltage to a DC Voltage, and 
outputs the DC voltage. On the other hand, the power Supply 
unit 2 Supplies the external AC voltage to other power 
Supply units. 
0053 Power supply units 3 to 5 are connected in parallel 
with the master power Supply unit 2 as expansion power 
Supply units. The power Supply units 3 to 5 are Supplied with 
the external AC voltage from the master power Supply unit 
2, and each of the power Supply units 3 to 5 converts the 
Supplied external AC Voltage to a DC voltage and outputs 
the DC voltage. 
0054 The power supply module can have an arbitrary 
power Supply capacity by Setting the number of parallel 
connections of the expansion power Supply units 3 to 5 for 
the master power Supply unit 2. 
0055. Both the master power supply unit 2 and the 
expansion power supply units 3 to 5 are attached to a DIN 
rail 1 Serving as an attachment rail So as to be movable. 
0056. The master power Supply unit 2 has a power supply 
capacity of 60 W. The master power Supply unit 2 has a 
casing that is a lengthwise long rectangle in front panel 
shape. This casing incorporates necessary parts for power 
Supply circuit. 
0057. On an upper part of the casing, the master power 
Supply unit 2 has AC input terminals 2a Supplied with an 
external commercial AC voltage of 100 to 240 VAC. On a 
bottom part of the casing, the master power Supply unit 2 has 
DC output terminals 2b for outputting a DC output of 24 
VDC and 2.5 A. 

0058. The master power Supply unit 2 further has an AC 
outputside connector 2d on a casing Side face through which 
the expansion power Supply unit 3 is connected in parallel. 
The master power Supply unit 2 has a power Supply circuit 
2c connected to these terminals 2a, 2b and 2d therein. 

0059. The power supply circuit 2c converts the AC 
Voltage inputted from the outside via the AC input terminals 
2a to a stabilized output voltage of 24 VDC, and outputs the 
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stabilized output voltage to the DC output terminals 2b. As 
an example, the power Supply circuit 2c is a well known 
Switching power Supply of insulation type. 

0060. On a front panel of the master power supply unit 2, 
English characters are indicated. "Vad' indicates that a 
variable resistor located on the left side thereof is to be used 
for output voltage adjustment. “DCon” indicates that the 
output Voltage is being outputted by lighting of a lamp 
located on the left side thereof. “Alarm' indicates that the 
master power Supply unit 2 is in an abnormal State by 
lighting of a lamp located on the left side thereof. The DC 
output terminals 2b have two plus Side (+) terminals and two 
minus Side (-) terminals. One plus Side terminal and one 
minus side terminal form one pair. Thus two pairs of DC 
output terminals 2b are formed. 
0061 An expansion power supply unit 3 has an AC input 
Side connector 3a on a casing Side face Serving as a parallel 
connection face for the master power Supply unit 2. The 
expansion power Supply unit 3 has DC output terminals 3b 
on a bottom part of the casing. The expansion power Supply 
unit 3 has an AC output Side connector 3d on a casing Side 
face Serving as a parallel connection face for another expan 
Sion power Supply unit 3. The expansion power Supply unit 
3 has a power Supply circuit 3c therein. 
0062) The expansion power supply unit 3 has nearly the 
Same configuration as that of the master power Supply unit 
2. The expansion power Supply unit 3 is a power Supply unit 
for 100 to 240 VAC input and 24 VDC, 2.5 A and 60 W 
output. Unlike the master power Supply unit 2, the expansion 
power Supply unit 3 does not have AC input terminals 2a on 
an upper portion of its front panel. The expansion power 
supply unit 3 has DC output terminals 3b for outputting 24 
VDC on a bottom portion of the front panel. 
0.063. In the above described case, it is possible to use 
only master power Supply units 2 as all power Supply units 
and handle one of the master power Supply units 2 as the 
master power Supply unit and other master power Supply 
units 2 as expansion power Supply units. The power Supply 
circuit 3c of the expansion power Supply unit 3 is adapted to 
convert an AC voltage inputted from the master power 
Supply unit 2 via the AC input Side connector 3a to a 
stabilized DC output voltage, and output the stabilized DC 
output voltage to the outside via the DC output terminal 3b. 
There are various Schemes of Such a power Supply circuit 3c. 
Since they are well known, detailed description thereof will 
be omitted. 

0064. In the same way as the master power supply unit 2, 
English characters are indicated on a front panel of the 
extension power supply unit 3. “DCon indicates that the 
output Voltage is being outputted by lighting of a lamp 
located on the left side thereof. “Alarm' indicates that the 
first extension power Supply unit 3 is in an abnormal State by 
lighting of a lamp located on the left Side thereof. Since the 
DC output terminals 3b of the expansion power Supply unit 
3 have the same configuration as that of the master power 
Supply unit 2, description thereof will be omitted. 
0065. The AC input side connector 3a of the expansion 
power Supply unit 3 is a connector electrically and mechani 
cally connected to the AC output Side connector 2d of the 
master power Supply unit 2. The AC inputside connector 3a 
of the expansion power Supply unit 3 is electrically con 
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nected to the AC output Side connector 2d of the master 
power Supply unit 2. The AC voltage is Supplied from the 
master power Supply unit 2 to the AC input Side connector 
3a of the expansion power supply unit 3. Within the expan 
Sion power Supply unit 3, the AC output Side connector 3d 
is electrically connected to the AC input Side connector 3a 
via appropriate wiring. 
0066 Other expansion power Supply units 4 and 5 have 
AC input Side connectors 4a and 5a on casing Side faces 
Serving as first parallel connection faces, respectively. The 
expansion power Supply units 4 and 5 have DC output 
terminals 4b and 5b on bottom parts of the casings, respec 
tively. The expansion power Supply units 4 and 5 have power 
Supply circuits 4C and 5c therein, respectively. The expan 
Sion power Supply units 4 and 5 have AC output Side 
connectors 4d and 5d on casing Side faces Serving as Second 
parallel connection faces. The expansion power Supply units 
4 and 5 are Switching power Supplies having the same 
configuration as that of the expansion power Supply unit 3. 
The expansion power Supply units 4 and 5 are only provided 
with characters, and description thereof will be omitted. 
0067. Each of the expansion power supply units 4 and 5 
has a front panel configuration similar to that of the expan 
Sion power Supply unit 3. Therefore, the expansion power 
Supply units 4 and 5 may be replaced by each other, or each 
of the expansion power Supply units 4 and 5 may be replaced 
by the expansion power Supply unit 3. The power Supply 
units 2 to 5 are adapted to be able to output individual DC 
output voltages from the DC output terminals 2b to 5b, 
respectively. 

0068. In the power supply module of the first embodi 
ment, the AC voltage inputted from the AC input terminal 2a 
of the master power Supply unit 2 is Supplied to each of the 
extension power Supply units 3 to 5. As a result, DC voltages 
can be individually outputted from the DC output terminals 
2b to 5b respectively of the power supply units 2 to 5. 
0069. Since each of the power supply units 2 to 5 is a 
power supply unit for 24 VDC and 2.5 A(60W) output, each 
of the power supply units 2 to 5 becomes 24 V in output 
Voltage and 2.5 A in output current. 
0070 The expansion power supply units 3 to 5 in the 
above described power Supply module do not have AC input 
terminals. As a result, the manufacturing cost of the power 
Supply module can be reduced. 
0071. By the way, for the purpose of unit unification, the 
master power Supply unit 2 may be used as an expansion 
power Supply unit. In this case, the manufacturing cost can 
be further reduced because of wiring which becomes unnec 
eSSary. 

0072 A power supply module according to a second 
embodiment of the present invention will now be described 
by referring to FIGS. 6 and 7. The DC output terminals 2b 
and 3b to 5b respectively of the master power supply unit 2 
and the expansion power Supply units 3 to 5 are connected 
in common. In the master power Supply unit 2, a DC output 
Side connector 2f is provided. In the expansion power Supply 
units 3 to 5, DC input side connectors 3e to 5e and DC 
output side connectors 3f to 5f are provided. 
0073. Since each of the power supply units 2 to 5 is a 
power supply unit for 24 VDC and 2.5 A(60W) output, each 
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of the power supply units 2 to 5 becomes 24 V in output 
Voltage and 10.0 A in output current. 

0.074. In the case of the second embodiment, the power 
Supply capacity of only the master power Supply unit 2 is 24 
Vx2.5 A=60W. In the case where this power supply capacity 
alone cannot cope with the load, the expansion power Supply 
unit 3 is added for extension. As a result, the power Supply 
capacity becomes 24 Vx2.5 Ax2=120 W. In the case where 
the power Supply capacity is still insufficient, other expan 
Sion power Supply units 4 and 5 are connected in parallel for 
extension to increase the power Supply capacity. 
0075 According to this power supply module, the power 
Supply manufacturer can provide users with power Supplies 
of arbitrary capacities by, for example, manufacturing only 
power Supply units having the same output Voltage. There 
fore, the power Supply manufacturer need not develop power 
Supplies of different capacities. By that amount, the devel 
opment cost is reduced and the Sales price can be reduced. 
Furthermore, the number of the power Supply units having 
the same capacity also increases, and the Sales price can be 
made lower, which is favorable to users. In this case, the 
Sales price of two master power Supply units is low for the 
user. In addition, as compared to the purchase of Separate 
power Supplies according to capacities, the user needs only 
to purchase one or more power Supply units of the same 
capacity according to application, resulting in costing even 
leSS. 

0076) The power supply units 2 to 5 may output 24 VDC 
independently of each other, or may output 24 VDC indi 
vidually. Selection of independence or individuality in this 
case may be conducted by, for example, operating a Selec 
tion Switch disposed on the front panel of the master power 
Supply unit 2. The internal circuit configuration and mecha 
nism in this case is not illustrated. 

0077. A power supply module according to a third 
embodiment of the present invention will now be described 
by referring to FIGS. 8 and 9. In this power supply module, 
an intelligent function on the front panel of the master power 
Supply unit 2 is added. The life of the master power Supply 
unit 2 mainly depends on the capacitance degradation of an 
aluminum electrolytic capacitor for power Supply generation 
incorporated in a power Supply circuit. In the case where 
there is incorporated a life prediction circuit for predicting 
the life of the aluminum electrolytic capacitor on the basis 
of its capacitance degradation, a life prediction lamp is 
disposed on the front panel. Such an intelligent function as 
to be able to predict the life on the basis of the lighting of 
the lamp is provided. 

0078. This power supply module includes a combination 
of a plurality of power Supply units. The master power 
Supply unit 2 incorporates a communication/control micro 
computer (CPU) 2g, which conducts communication with 
the outside. By using the CPU 2g, the master power Supply 
unit 2 can conduct communication of data Such as the output 
power, output voltage, power Supply efficiency, temperature 
and the like with a personal computer in a centralized 
management center disposed in a Suitable place of a factory 
or the like. 

0079. By this communication, control of the power Sup 
ply module and control of individual power Supply units in 
the power Supply module can be conducted. AS this control, 
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determination of the activation order of the power Supply 
units and Setting of activation time can be conducted. In this 
case, it becomes possible to monitor various operation 
Situations, Such as load factors and output Voltages of the 
power Supply units, via the communication. Such central 
ized management can be conducted by a programmable 
controller (PLC) or the like, besides the personal computer. 
0080 A power supply module according to a fourth 
embodiment of the present invention will now be described 
by referring to FIG. 10. The master power supply unit 2 and 
the expansion power Supply units 3 and 4 form a main power 
Supply module. To the main power Supply module, an 
expansion power Supply unit 6 having an output voltage of, 
for example, 12 VDC and 5 A can be added for extension. 
By doing So, the power Supply units 2 to 4 forming the main 
power supply module outputs 24 VDC. On the other hand, 
the expansion power Supply unit 6 outputs 12 VDC. AS a 
result, a multi-output type power Supply can be provided. AS 
a matter of course, a combination of one or a plurality of 
expansion power Supply units having a different output 
Voltage is possible. 
0081. A power Supply module according to a fifth 
embodiment will now be described by referring to FIGS. 11 
and 12. This power supply module has a terminal box 
(branch unit) 7 with fuse function. This branch unit 7 can be 
optionally added on the DIN rail 1, for extension of the main 
power Supply module. 
0082 The branch unit 7 includes a pair of input terminals 
7a1 and 7a2, to which an input voltage of 24 VDC is 
inputted from one of power Supply units included in the 
main power supply module, fuses 7b1 to 7b4 serving as 
current limiting means connected in common to the first 
input terminal 7a 1 at first end sides, output terminals 7c1 to 
7c4 connected to second end sides of the fuses 7b1 to 7b4, 
and output terminals 7d 1 to 7d4 connected in common to the 
Second input terminals 7a2. 
0083. The branch unit 7 includes four pairs of output 
terminals respectively having output terminals 7c1 and 7d 1, 
7c2 and 7d2, 7c3 and 7d3, and 7c4 and 7.d4. Between output 
terminals of each pair, a load, which is not illustrated, can be 
connected. Breakers, electronic means, or any other means, 
other than the fuses may be used as the current limiting 
CS. 

0084. In the case where the power Supply units included 
in the main power Supply module has an overcurrent pro 
tection function, which stops output of the power Supply 
when an overcurrent has been detected, the entire main 
power Supply module is brought into the output Stop State if 
a load connected to any one power Supply unit becomes 
overloaded. 

0085. Even if a load connected between any one output 
terminal pair becomes overloaded and an overcurrent flows, 
a fuse corresponding to the load melts in the branch unit 7 
in order to prevent influence on other loads. The above 
described output Stop State is thus prevented. 
0086 Furthermore, Supposing a configuration having an 
overall current of, for example, 16 A, occurrence of a 
Shortcircuit on one load Side might cause a possibility of 16 
A or more at the maximum flowing through the load. In this 
embodiment, however, Such an overcurrent can be prevented 
from flowing through the load. In the case where wiring 
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corresponding to 4A is used between each output terminal 
and the load, an overcurrent of 16 A due to load shortcircuit 
can be advantageously prevented from flowing. 

0087. In addition, if there is the branch unit 7, then the 
current from the input terminals can be branched to respec 
tive output terminals and Supplied to loads. As a result, a 
power Supply capable of Supplying a large load current 
becomes unnecessary. 
0088 A sixth embodiment of the present invention will 
now be described by referring to FIG. 5 again. In the case 
where the user corresponds to a load of 7.5 A, it can be coped 
with by one master power Supply unit 2 and the two 
expansion power Supply units 3 and 4. In this case, the Sixth 
embodiment is made possible to cope with up to 10 A by 
addition of the expansion power Supply unit 5. If any power 
Supply unit has failed, the expansion power Supply unit 5 can 
be used as its reserve. 

0089. In the conventional technique, a power Supply unit 
of 7.5 A is needed as a power Supply unit for backing up a 
power Supply unit corresponding to the load of 7.5 A. AS the 
backup power Supply unit, a Similar power Supply corre 
sponding to 7.5A is needed as the reserve, resulting in a cost 
disadvantage. 

0090. In the sixth embodiment, the three power supply, 
i.e., in this case, the master power Supply unit 2 and the two 
expansion power Supply units 3 and 4 each having 2.5 A, 
Supply power to the load of 7.5A as a power Supply module 
corresponding to the load of 7.5 A. As the reserve, the third 
expansion power Supply unit 5 of 2.5 A is Sufficient. As a 
result, the purchase cost of reserve power Supply unit can be 
remarkably reduced. 
0.091 A power Supply module according to a seventh 
embodiment of the present invention will now be described 
by referring to FIG. 13. Uninterruptible power supply (UPS) 
unit 8 can be added for extension on the DIN rail 1. This 
UPS unit 8 incorporates a battery. At time of a power failure, 
the UPS unit 8 is adapted to be able to supply power. A 
charging function may be added to the UPS unit 8. 
0092 A power supply module according to an eighth 
embodiment of the present invention will now be described 
by referring to FIG. 14. A UPS unit 9 corresponding to a 
peak load can be added for extension on the DIN rail 1. 
0093. There is a peak load in the load of a power supply. 
For example, in the load of a DC motor, a peak current flows 
sometimes. Since the UPS unit 9 can supply a current 
corresponding to the peak load, to the load, a power Supply 
for peak load or a countermeasure Such as an increase of the 
power Supply capacity becomes unnecessary. 
0094. A power supply module according to a ninth 
embodiment of the present invention will now be described 
by referring to FIG. 15. A communication unit 10 can be 
connected to the power Supply unit 5. By using an internal 
microcomputer 11, the communication unit 10 conducts 
power Supply control according to the content of commu 
nication conducted with the outside. 

0.095 A power supply module according to a tenth 
embodiment of the present invention will now be described 
by referring to FIGS. 16 and 17. This power supply module 
includes power Supply units 2 all having the same configu 
ration. The power Supply unit 2 includes an AC input 
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terminal 2a, a DC output terminal 2b, a power Supply circuit 
2c, an AC output Side connector 2d., an AC input Side 
connector 2g, a DC input Side connector 2e, and a DC output 
Side connector 2f 
0096. In the case of the tenth embodiment, every power 
Supply unit has the AC input terminal 2a, and can become 
both the master power Supply unit and the expansion power 
Supply unit. AS for the kinds of power Supply units, only one 
kind Suffices and the cost reduction becomes possible. 
0097. A power Supply module according to an eleventh 
embodiment of the present invention will now be described 
by referring to FIGS. 18 to 22. FIG. 18 shows an internal 
circuit of the power Supply unit 2. In the Same way as the 
above described tenth embodiment, the power Supply mod 
ule according to the eleventh embodiment is formed of 
power Supply units 2 all having the same configuration. On 
an upper part of the casing, one pair of AC input terminals 
2a and a ground terminal 2h are juxtaposed. An AC input 
Side connector 2g on a first Side face of the casing includes 
one pair of connector terminals 2g1 and 2g1. An AC output 
Side connector 2d on a Second Side face of the casing 
includes one pair of connector terminals 2d 1 and 2d 1. 
0098 ADC inputside connector 2e on the first side face 
of the casing includes a ground connector terminal 2e 1, a 
communication connector terminal 2e2, and one pair of DC 
input connector terminals 2e3 and 2e3. A DC output side 
connector 2f1 on the Second Side face of the casing includes 
a ground connector terminal 2f1, a communication connec 
tor terminal 2?2, and one pair of DC output connector 
terminals 2f3 and 2f3. 
0099. On a lower part of the casing, two pairs of DC 
output terminals 2b are provided. 
0100. A configuration of the power supply unit 2 will 
now be described by referring to FIGS. 19 to 22. 
0101. In the master power supply unit 2, a numeral 12 
denotes the casing. 
0102) The casing 12 includes a main case 12a, side cases 
12b, and a front case 12c. In the casing 12, circuit parts 13 
for a power Supply circuit 2c are incorporated. 
0103) The back face of the casing 12 has an attachment 
groove 15 formed in the horizontal direction. An attachment 
piece 16 is attached to the casing 12 So as to be slidable in 
the vertical direction with respect to the attachment groove 
15. In such a state that the DIN rail 1 is engaged with the 
attachment groove 15, the attachment piece 16 is slid toward 
the attachment groove 15 and engaged with a bottom edge 
of the DIN rail 1. As a result, the power supply unit 2 is 
attached to the DIN rail 1. 

0104. The casing 12 includes hooks 17 for mechanically 
coupling adjacent power Supply units 2 and engagement 
holes 18 for inserting the hooks 12 therein, on upper and 
lower parts of Side faces. 
0105. In such a state that the hooks 17 of an adjacent 
power Supply unit 2 are inserted in the engagement holes 18, 
slip out of the hooks 17 is prevented by conducting slide 
operation on lock knobS 19 mounted on the casing 12. 
0106 Inside the casing 12, a main circuit board 111 and 
a front circuit board 112 coupled to the main circuit board 
111 at right angles are incorporated. 
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0107 On the main circuit board 111, main electronic 
parts for AC-DC conversion are mounted. Besides electronic 
parts Such as a monitor lamp and an output voltage adjust 
ment variable resistor, an input Side connector 113 for 
forming one pair of AC input terminals 2a and the ground 
terminal 2h, an output Side connector 114 for forming the 
two pairs of DC output terminals 2b, and six connection 
metal fittings 115 are mounted on the front circuit board 112. 
0108 Each connection metal fitting 115 is obtained by 
Stamping out a conductive metal plate having a Spring 
property and conducting press forming on it to form a U 
shape having one pair of bent piece portions opposed to each 
other. 

0109 The connection metal fitting 115 includes a con 
nection pin 115a, pairs of connection pins 115b, and pairs of 
elastic contact segments 115c and 115d. 
0110. The connection pin 115a is inserted in the main 
circuit board 111, soldered, and coupled. The pairs of 
connection pins 115b are inserted in the front circuit board 
112, Soldered, and coupled. The pairs of elastic contact 
segments 115c and 115d are extended in a cantilever form 
and are opposed to each other. 
0111. Two upper connection metal fittings 115 form a pair 
of connection lines L(i) for connection between the AC input 
Side connector 2g and the AC output Side connector 2d. 
0112 The elastic contact segments 115c and 115c located 
on both end sides of first sides of both connection metal 
fittings 115 form one pair and function as connector termi 
nals 2g1 and 2g1 of the AC input Side connector 2g. The 
elastic contact segments 115d and 115d located on second 
sides of both connection metal fittings 115 form one pair and 
function as connector terminals 2d 1 and 2d 1 of the AC 
output Side connector 2d. 
0113 Four lower connection metal fittings 115 respec 
tively form connection lines L (g), L. (c), L (o) and L(o) for 
connection between the DC input Side connector 2e and the 
DC output side connector 2f 
0114. The elastic contact segments 115c located on first 
Sides of respective connection metal fittings 115 function as 
connector terminals of the DC input side connector 2e. The 
elastic contact Segments 115d located on Second Sides of 
respective connection metal fittings 115 function as connec 
tor terminals of the DC output side connector 2f 
0115 The power supply unit 2 formed as heretofore 
described can be utilized singly as well. Alternatively, it is 
also possible to designate one power Supply unit as a master 
power Supply unit, add an arbitrary number of power Supply 
units 2 as expansion power Supply units for extension in 
parallel thereto, and form a power Supply module having a 
desired power Supply capacity. 
0116. A power Supply module according to a twelfth 
embodiment of the present invention will now be described 
by referring to FIGS. 23 to 29. 
0117. In the power Supply module as described above, an 
intermediate connector 121 shown in FIG. 24 is utilized for 
electrical connection between the power Supply units 2 in 
order to reduce the size of the power Supply units in the 
direction of connection on the DIN rail 1 and prevent false 
connection between power Supply units of different Speci 
fications. 
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0118. This intermediate connector 121 includes a con 
nector main body 124 made of resin. The connector main 
body 124 has two, i.e., upper and lower connection terminals 
122 made of metal, which penetrate the upper portion side 
thereof. Both connection terminals 122 project in the direc 
tion of the AC output Side connector 2d and in the direction 
of the AC input Side connector 2g of two adjacent power 
Supply units 2 and 2. 
0119) The connector main body 124 further includes four 
connection terminals 123 made of metal and arranged in 
four lines in the Vertical direction, which penetrate the lower 
portion side thereof. In the same way, the connection ter 
minals 123 project in the direction of the DC output side 
connector 2f and in the direction of the DC input side 
connector 2e of two adjacent power Supply units 2 and 2. 
0.120. From the connector main body 124, guard projec 
tions 125 are projected above the connection terminals 122 
as one body. From an intermediate location of the connector 
main body 124 in the vertical direction, restraint pins 126 are 
projected as one body. 
0121 From an intermediate location of the front face of 
the connector main body 124 in the vertical direction, a leg 
portion 127 is projected forward. On a front end of the leg 
portion 127, an indication portion 128, which is flat against 
the front. 

0.122 On the other hand, on each of the left and right side 
faces of the casing 12 of each power Supply unit 2, a 
connector coupling portion 131 having Such a depth that the 
intermediate connector 121 gets therein is formed. This 
connector coupling portion 131 includes two terminal inser 
tion holes 132 for inserting the two connection terminals 122 
therein, four terminal insertion holes 133 for inserting the 
four connection terminals 123 therein, three guide holes 134 
for inserting three guard projections 125 therein, and three 
pin insertion holes 135 for one restraint pin 126. 
0123 The connector coupling portion 131, the terminal 
insertion holes 132 and 133, the guide hole 134, and the pin 
insertion holes 135 form the connectors 2d to 2g of the 
power Supply units 2. 
0.124. In the casing 12, the elastic contact segments 115c 
and 115d of the connection metal fittings 115 face to the 
terminal insertion holes 132 and 133. When the intermediate 
connector 121 is attached to the connector coupling portion 
131, the connection terminals 122 and 123 are inserted into 
the corresponding elastic contact Segments 115c and 115d 
and Sandwiched in between them. 

0.125. In the casing 12, the main circuit board 111 is 
located at the back of the left Side connector coupling 
portion 131. The left side elastic contact segments 115c face 
to the terminal insertion holes 132 and 133 of the connector 
coupling portion 31 through openings 136 formed through 
the main circuit board 111. 

0.126 Here, the restraint pin 126 allows only connection 
between power Supply units 2 having the same output 
Voltage, and prevents connection between power Supply 
units 2 which are different in output voltage. 
0127. By selecting the position of the restraint pin 126 
with respect to the pin insertion holes 135, this power supply 
module can cope with a plurality of kinds of power Supply 
Specifications. 
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0128. In other words, the restraint pin 126 is projected 
from a movable piece 142, which is captured in a guide 
groove formed on the connector main body 124 So as to be 
able to Slide in the vertical direction with respect to the guide 
groove 141. If the restraint pin 126 is moved in the vertical 
direction, then the movable piece 42 is slid in the vertical 
direction with respect to the guide groove 141. As a result, 
a Small projection 143 is engaged in one of positioning 
indents 144 formed in three vertical locations of the guide 
groove 141. Accordingly, the restraint pin 126 is held in that 
position. 

0129. On the other hand, three pin insertion holes 135 are 
formed So as to correspond to the movement positions of the 
restraint pin 126. In the main circuit board 17 as well, three 
pin insertion holes 145 are formed so as to be opposed to the 
pin insertion holes of the connector coupling portion 131 of 
the left side. 

0130 Blocking members 146 are attached to left and 
right portions of the front circuit board 112. The blocking 
members 146 block two among three pin insertion holes 145 
of the main circuit board 111 and two among three pin 
insertion holes 135 of the left side connector coupling 
portion 131. Pin insertion holes 145 and 135 of one location 
having the same height position as that of the restraint pin 
126 are opened. 
0131. In the above described example, only the lowest 
pin insertion holes 145 and 135 are opened so as to corre 
spond to the restraint pin 126 Set in the lowest location. AS 
a result of the configuration heretofore described, extension 
of power Supply units 2 having the same Specifications is 
made possible by the restraint pin 126. 
0.132. On the left and right side faces of each power 
Supply unit 2, a shallow groove 147 communicating with 
each connector coupling portion 31 is formed. The leg 
portion of the intermediate connector 121 is passed forward 
between the left and right adjacent power Supply units 2 
through the shallow grooves 147. As a result, the indication 
portion 128 is exposed to the front. Thus, easy visual 
confirmation as to whether the intermediate connector 121 is 
attached properly becomes possible. 
0.133 Among a plurality of power supply units coupled 
as described above, a power Supply unit 2 located in the left 
end becomes the master power Supply unit. On the upper 
portion of the front face of this power Supply unit 2, an input 
terminal base 149 screwed to the inputside connector 113 is 
disposed. On the lower portion of the front face of each 
master power Supply unit 2, an output terminal base 150 
screwed to the outputside connector 114 is disposed. Wiring 
connection to an AC power Source and a load apparatus can 
thus be conducted. 

0134) A power Supply module according to a thirteenth 
embodiment of the present invention will now be described 
by referring to FIG. 30. By connecting a communication 
unit 151 to a master power Supply unit 2 located at the right 
end and connecting a control signal line L(c) of the master 
power Supply unit 2 to a microcomputer 152 incorporated in 
the communication unit 151, each master power Supply unit 
2 can be controlled according to the contents of communi 
cation with the outside. 

0135) A power supply module according to a fourteenth 
embodiment of the present invention will now be described 
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by referring to FIGS. 31 and 32. From the intermediate 
connector 121A, the restraint pin 126 and the output con 
nection terminals 123 are removed. By utilizing this inter 
mediate connector 121A, it is also possible to connect 
master power Supply units which are different in Specifica 
tions (output voltage) in Such a state that only the AC input 
is used in common. 

0.136. In the case where the connection metal fittings 115 
are utilized for connection of Signal lines, the contact 
segments 115c and 115d provided on both ends of each of 
the connection metal fittings 115 may also be formed in a 
form of one tongue that deforms elastically, in a form of one 
tongue that does not deform elastically, or in a pin form. 
0.137 Furthermore, on the indication portion 128 of the 
intermediate connector 121, an indication for discriminating 
from the above described intermediate connector 121 may 
be indicated. 

0.138. As for the intermediate connector 121, it is also 
possible to prepare Such a plurality of kinds of Specifications 
that the restraint pin 126 is fixed in a predetermined position, 
and Select and utilize an intermediate connector 121 of 
Specifications corresponding to the master power Supply unit 
2. 

0139. Only one pin insertion hole 145 may be formed 
through the main circuit board 111 according to output 
Specifications. 
0140. It is also possible to previously form a plurality of 
blanking dies for pin insertion holes on the connector 
coupling portion 131 and conduct punching to form a single 
pin insertion hole 135 in a predetermined position according 
to specifications of the power Supply unit 2. 
0141 While there has been described what is at present 
considered to be preferred embodiments of this invention, it 
will be understood that various modifications may be made 
therein, and it is intended to cover in the appended claims all 
Such modifications as fall within the true Spirit and Scope of 
this invention. 

What is claimed is: 
1. A power Supply module comprising: 
a first power Supply unit for converting an external AC 

Voltage inputted thereto to a DC Voltage, outputting the 
DC voltage, and Supplying the external AC voltage to 
other power Supply units, and 

one or a plurality of Second power Supply units for 
converting an external AC voltage inputted thereto to a 
DC voltage and outputting the DC voltage, Said Second 
power Supply units being connected in parallel with 
Said first power Supply unit, 

wherein an arbitrary power Supply capacity is obtained by 
Setting a number of Said Second power Supply units 
connected in parallel with Said first power Supply unit. 

2. A power Supply module according to claim 1, wherein 
both Said first power Supply unit and Said Second power 

Supply units can be attached to an attachment rail, and 
when expanding a power Supply capacity, Said Second 

power Supply unit is attached to Said attachment rail 
and connected in parallel with Said first power Supply 
unit. 
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3. A power Supply module according to claim 1, wherein 
Said first and Second power Supply units have an identical 
power Supply capacity. 

4. A power Supply module according to claim 1, wherein 
Said first power Supply unit comprises: 

an AC input terminal for inputting an external AC Voltage; 
a first power Supply circuit for converting the external AC 

Voltage Supplied from Said AC input terminal con 
nected thereto to a DC voltage and outputting Said DC 
Voltage; 

a first DC output terminal for outputting the DC voltage 
Supplied from Said first power Supply circuit connected 
thereto, and 

a first AC output Side connector for outputting the external 
AC voltage Supplied from Said AC input terminal 
connected thereto, to outside, Said first AC output Side 
connector being provided on a parallel connection face 
for Said Second power Supply units, 

Said Second power Supply unit comprises: 
a Second AC input Side connector provided on a first 

parallel connection face for parallel connection with 
Said first power Supply unit, and connected to Said first 
AC output Side connector of Said first power Supply 
unit, 

a Second power Supply circuit for converting an external 
AC Voltage Supplied from Said Second AC input Side 
connector to a DC voltage and outputting the DC 
Voltage; 

a second DC output terminal for outputting the DC 
Voltage Supplied from Said Second power Supply circuit 
connected thereto, and 

a Second AC output Side connector connected to Said 
Second AC input Side connector and provided on a 
Second parallel connection face for parallel connection 
with other adjacent power Supply units. 

5. A power Supply module according to claim 4, wherein 
Said first power Supply unit comprises a first DC output 

Side connector connected to Said first power Supply 
circuit on Said parallel connection face, and 

Said Second power Supply unit comprises: 

a Second DC input Side connector connected to Said first 
DC output Side connector of Said first power Supply 
unit on Said first parallel connection face; and 

a Second DC output Side connector connected to Said 
Second DC input Side connector on Said Second parallel 
connection face. 

6. A power Supply module according to claim 1, wherein 
each of Said first and Second power Supply units comprises: 

an AC input terminal for inputting an external AC Voltage; 
a power Supply circuit for converting the external AC 

Voltage Supplied from Said AC input terminal con 
nected thereto to a DC voltage and outputting Said DC 
Voltage; 

a DC output terminal for outputting the DC voltage 
Supplied from Said power Supply circuit connected 
thereto; 

Nov. 29, 2001 

an AC input Side connector provided on a first parallel 
connection face for another power Supply unit, and 

an AC output Side connector for outputting the external 
AC voltage Supplied from Said AC input terminal to 
Outside, Said AC output Side connector being connected 
to Said AC input terminal and Said AC input Side 
connector and provided on a Second parallel connection 
face for another power Supply unit. 

7. A power Supply module according to claim 6, wherein 
each of Said first and Second power Supply units comprises: 

a DC input Side connector on Said first parallel connection 
face; 

a DC output Side connector connected to Said DC input 
Side connector and Said power Supply circuit on Said 
Second parallel connection face. 

8. A power Supply module according to claim 7, wherein 
each of Said first and Second power Supply units com 

prises a communication line, and 
Said communication line is connected between Said DC 

inputside connector and Said DC output Side connector. 
9. A power Supply module according to claim 1, wherein 

Said first power Supply unit comprises: 
an aluminum electrolytic capacitor for power Supply 

generation in a power Supply circuit thereof, and 
a life prediction circuit for conducting life prediction of 

Said aluminum electrolytic capacitor based on capaci 
tance degradation thereof. 

10. A power Supply module according to claim 1, wherein 
Said first power Supply unit comprises a microcomputer for 
conducting power Supply control according to contents of 
communication conducted with outside. 

11. A power Supply module according to claim 1, com 
prising a communication unit for conducting communica 
tion concerning power Supply control between Said power 
Supply units and outside, Said communication unit being 
connected in parallel with Said power Supply units. 

12. A power Supply module according to claim 1, com 
prising a branch unit for allowing branch operation accord 
ing to a load State, Said branch unit being connected in 
parallel with Said power Supply units. 

13. A power Supply module according to claim 1, com 
prising a battery mounting power Supply unit for making it 
possible to Supply power to a load as occasion demands, Said 
battery mounting power Supply unit being connected in 
parallel with Said power Supply units. 

14. A power Supply module according to claim 1, com 
prising a battery mounting power Supply unit for making 
possible operation for a peak load, Said battery mounting 
power Supply unit being connected in parallel with Said 
power Supply units. 

15. A power Supply unit comprising: 
an AC input terminal for inputting an external AC Voltage; 
a power Supply circuit for converting the external AC 

Voltage Supplied from Said AC input terminal con 
nected thereto to a DC voltage and outputting Said DC 
Voltage; 

a DC output terminal for outputting the DC output Sup 
plied from Said power Supply circuit connected thereto; 
and 
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an AC output Side connector connected to Said AC input 
terminal and provided on a first parallel connection 
face, Said AC output Side connector being capable of 
being connected to an AC input Side connector of 
another power Supply unit. 

16. A power Supply unit according to claim 15, compris 
ing a DC output Side connector connected to Said power 
Supply circuit and provided on the first parallel connection 
face, Said DC output Side connector being capable of being 
connected to an DC input Side connector of another power 
Supply unit. 

17. A power Supply unit according to claim 15, compris 
ing a microcomputer for conducting communication con 
cerning power Supply with outside, Said microcomputer 
being connected to Said power Supply circuit. 

18. A power Supply unit according to claim 15, compris 
ing a communication line for conducting communication 
with a communication unit. 

19. A power Supply Supply unit comprising: 

an AC input terminal for inputting an external AC Voltage; 
a power Supply circuit for converting the external AC 

Voltage Supplied from Said AC input terminal to a DC 
Voltage and outputting Said DC voltage; 

a DC output terminal for outputting the DC output Sup 
plied from Said power Supply circuit to outside; 

an AC input Side connector for inputting an external AC 
Voltage Supplied from another power Supply unit, Said 
AC input Side connector being provided on a first 
parallel connection face for parallel connection with 
another power Supply unit; and 

an AC output Side connector for outputting the external 
AC voltage to another power Supply unit, Said AC 
output Side connector being connected to Said AC input 
terminal and Said AC input Side connector, and pro 
Vided on a Second parallel connection face for parallel 
connection with another power Supply unit. 

20. A power Supply Supply unit comprising: 

an AC input terminal for inputting an external AC Voltage; 
a power Supply circuit for converting the external AC 

Voltage Supplied from Said AC input terminal to a DC 
Voltage and outputting Said DC voltage; 

a DC output terminal for outputting the DC output Sup 
plied from Said power Supply circuit to outside; 

an AC input Side connector for inputting an external AC 
Voltage Supplied from another power Supply unit con 
nected in parallel, Said AC input Side connector being 
provided on a first parallel connection face for parallel 
connection with another power Supply unit; 

an AC output Side connector for Supplying the external 
AC Voltage Supplied from Said AC input terminal or 
Said AC input Side connector to another power Supply 
unit connected on Second parallel connection face, Said 
AC output Side connector being connected to Said AC 
input terminal and Said AC input Side connector, and 
provided on Said Second parallel connection face for 
parallel connection with another power Supply unit; 

a DC input Side connector for inputting a DC voltage 
Supplied from another power Supply unit connected in 
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parallel on Said first parallel connection face or a DC 
Voltage Supplied from Said power Supply circuit, and 

a DC output Side connector for Outputting a DC output 
Supplied from Said power Supply circuit or Said DC 
input Side connector to another power Supply unit 
connected in parallel on Said Second parallel connection 
face, Said DC output Side connector being connected to 
Said power Supply circuit and Said DC input Side 
COnnectOr. 

21. A power Supply unit according to claim 20, compris 
ing a communication line between Said DC input Side 
connector and Said DC output Side connector. 

22. A power Supply unit according to claim 20, wherein 
Said power Supply unit comprises: 
a casing having an attachment groove for engaging with 

an attachment rail, on a rear face thereof; 
one or a plurality of circuit boards disposed in Said casing, 

and 

an input Side connector, an output Side connector, and a 
plurality of connection metal fittings provided on Said 
circuit boards, 

electronic parts forming a power Supply circuit are 
mounted on at least one of Said circuit boards, 

Said input Side connector forms Said AC input terminal, 
Said output Side connector forms Said DC output terminal, 

and 

Said plurality of connection metal fittings form a connec 
tion line between Said AC input Side connector and Said 
AC output Side connector and a connection line 
between said DC input side connector and said DC 
output Side connector, and both ends of Said plurality of 
connection metal fittings extend between Said first 
parallel connection face and Said Second parallel con 
nection face in Said casing and form connector termi 
nals respectively of Said AC input Side connector, Said 
AC output Side connector, Said DC input Side connec 
tor, and Said DC output Side connector. 

23. A power Supply module, comprising: 
a plurality of power Supply units, and 
an intermediate connector for connecting Said power 

Supply units in parallel, 
wherein each of Said power Supply unit comprises: 
a casing having an attachment groove for engaging with 

an attachment rail, on a rear face thereof; 
one or a plurality of circuit boards disposed in Said casing, 

and 

an input Side connector, an output Side connector, and a 
plurality of connection metal fittings provided on Said 
circuit boards, 

electronic parts forming a power Supply circuit are 
mounted on at least one of Said circuit boards, 

Said input Side connector forms Said AC input terminal, 
Said output Side connector forms Said DC output terminal, 
Said plurality of connection metal fittings form a connec 

tion line between Said AC input Side connector and Said 
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AC output Side connector and a connection line 
between said DC input side connector and said DC 
output Side connector, and both ends of Said plurality of 
connection metal fittings extend between Said first 
parallel connection face and Said Second parallel con 
nection face in Said casing and form connector termi 
nals respectively of Said AC input Side connector, Said 
AC output Side connector, Said DC input Side connec 
tor, and Said DC output Side connector, 

on each of Said first and Second parallel connection faces 
in Said casing, a restraint pin insertion hole is provided 
and terminal insertion holes are provided in locations 
that both ends of Said connection metal fittings face to, 
and 

Said intermediate connector comprises connection termi 
nals which are inserted in terminal insertion holes of 
two adjacent power Supply units attached to Said attach 
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ment rail and connected to connector terminals formed 
by connection metal fittings, and a restraint pin which 
is inserted in Said restraint pin insertion hole. 

24. A power Supply module according to claim 23, 
wherein 

on each of Said first and Second parallel connection faces 
in Said casing, a plurality of restraint pin insertion holes 
are provided, 

Said restraint pin of Said intermediate connector can be 
Selectively moved to any of Said restraint pin insertion 
holes. 

25. A power Supply module according to claim 23, 
wherein Said intermediate connector comprises an indication 
portion for indicating a connection State of Said power 
Supply units. 


