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57 ABSTRACT 
When cooling power corresponding to an amount of 
heat generated by an electronic apparatus can be gener 
ated by either n or n+1 cooling units, n--1 cooling 
units are operated such that each of the cooling units 
keeps a sufficient margin in reserve. In this manner, 
even if an abnormality occurs in one of the cooling 
units, the operation can be continued by the n cooling 
units. Further, since an operation frequency of a com 
pressor in the cooling unit can be decreased to rotate a 
motor in the compressor at a lower rotational speed, a 
speed at which a bearing is worn is slowed, whereby the 
useful life of the bearing can be prolonged. 

11 Claims, 6 Drawing Sheets 
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COOLING SYSTEM FOR ELECTRONC 
APPARATUS AND CONTROL METHOD 

THEREFOR 

BACKGROUND OF THE INVENTION 
The present invention relates to a cooling system for 

an electronic apparatus such as a computer, and more 
particularly to a cooling system having two or more 
cooling units in which an operation frequency of each 
cooling unit can be reduced to provide a long life for a 
compressor in the cooling unit. 

In a conventional cooling system having two or more 
individually adjustable cooling units, a required mini 
mal number of cooling units are operated in order to 
cool cooling medium supplied to an electronic appara 
tus to a predetermined temperature, as disclosed in 
JP-A-2-192564 (corresponding to U.S. Pat. No. 
5,201,187). One or more cooling units other than the 
required minimal ones are left in a stand-by state for 
spare use. Thus, they are not normally operated unless 
an abnormality occurs in one of the operating cooling 
units, in which case one of them is operated as a back-up 
unit. 

In this manner, with a cooling system comprising a 
plurality of cooling units, Each of the cooling units has 
a wide cooling range so that a cooling range provided 
by operating in cooling units may overlap with a cooling 
range provided by operating n--1 cooling units. In such 
a case, cooling power corresponding to an amount of 
heat generated by an electronic apparatus may be gen 
erated by eithern cooling units or n-1 cooling units. It 
will be of course understood in this case that the cooling 
power generated by each cooling unit is lower when 
n-1 cooling units are operated. 
Also, in a compressor provided in each cooling unit 

for performing a variable control of the cooling power, 
a speed at which a bearing for converting rotational 
motion of a motor to a compressing operation is worn is 
related to the cooling power. More specifically, if an 
operation frequency of the motor is increased to rotate 
the motor at a higher rotational speed for enhancing the 
cooling power, the bearing is worn in a correspondingly 
shorter time, whereby the useful life thereof becomes 
shorter. Conversely, if the operation frequency is de 
creased to rotate the motor at a lower rotational speed 
so as to lower the cooling power, the wearing speed of 
the bearing is slowed and accordingly the useful life of 
the bearing becomes longer. Therefore, for prolonging 
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the useful life of the bearing, the operation frequency of 50 
the motor should be deceased to rotate the motor at a 
lower rotational speed so as to reduce the cooling 
power of the cooling unit as much as possible. 

However, the above-stated prior art does not con 
sider a situation wherein cooling power corresponding 
to an amount of heat generated by an electronic appara 
tus may be generated by either n cooling units or n+1 
cooling units, and does not either disclose that an opera 
tion with n+1 cooling units is selected for this situation 
so as to provide a more than sufficient cooling power 
for each cooling unit. It does not either consider that the 
cooling power generated by each cooling unit is re 
duced to prolong the useful life of the bearing in the 
compressor. 
For this reason, the conventional cooling system 

always drives only a required minimal number of cool 
ing units, so that each of the cooling units must continue 
generating higher cooling power with a few margin 
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2 
kept in reserve. Thus, the prior art presents a problem 
that the motor in the compressor always continues ro 
tating at a high rotational speed so that the bearing of 
the compressor is worn fast, whereby the useful life of 
the bearing is shortened. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
cooling system which is capable of reducing cooling 
power to be generated by each of cooling units without 
decreasing the cooling power of the entire system. 
More specifically, the cooling system according to 

the present invention has a flow path in which a cooling 
medium circulates; supply means arranged in the flow 
path for supplying the cooling medium to an electronic 
apparatus which is a heat generating source; and n-1 
cooling units arranged in the flow path in parallel with 
each other for cooling the cooling medium to a prede 
termined temperature. The cooling units are such that 
eithern or n+1 of operating cooling units can generate 
cooling power corresponding to an amount of heat 
generated by the electronic apparatus. The cooling 
system further comprises abnormality detecting means 
for detecting abnormalities in each cooling unit; stop 
means responsive to the abnormality detecting means 
when detecting the occurrence of an abnormality in one 
of the n+1 cooling units for stopping the cooling unit in 
which the abnormality has occurred; and operation 
control means for controlling the cooling power of each 
cooling unit such that in cooling units generate the cool 
ing power corresponding to the amount of heat gener 
ated by the electronic apparatus. When an abnormality 
occurs in one of the cooling unit, the cooling system 
switches from the operation with n-1 cooling units to 
the operation with n cooling units. 

Also, in a cooling system control method according 
to the present invention for use with a cooling system 
provided with a plurality of cooling units for cooling a 
cooling medium for cooling an electronic apparatus, 
which is a heat generating source, to a predetermined 
temperature, determination is made to the number of 
the cooling units when a maximum value of a total 
cooling power generated by a plurality of the cooling 
units, each operated to generate identical cooling 
power, becomes equal to or more than a previously set 
amount of heat generated by the electronic apparatus. 
Next, it is determined whether or not a minimal value of 
the total cooling power, obtained when the number 
equal to the determined number plus one of the cooling 
units are operated such that each of them generates 
identical cooling power, is equal to or less than the heat 
generating amount. Based on these determination re 
sults, the number of the cooling units to be operated is 
selected, and the selected number of the cooling units 
are initiated. Further, a temperature of the cooling me 
dium cooled by the cooling units is detected, the de 
tected temperature is compared with a predetermined 
set temperature, cooling power to be generated by each 
cooling unit is calculated on the basis of the comparison 
result, and the cooling power of each cooling unit is 
adjusted to the calculated cooling power. 
As described above, according to the present inven 

tion, when cooling power corresponding to an amount 
of heat generated by an electronic apparatus can be 
generated by either n or n-1 cooling units, n-1 cool 
ing units are operated such that each of the cooling units 
is provided with a sufficient margin. Therefore, even if 
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an abnormality occurs in one of the cooling units, the 
operation can be continued by the n cooling units. Fur 
ther, since an operation frequency of a compressor in 
the cooling unit can be decreased to rotate a motor in 
the compressor at a lower rotational speed, a speed at 
which a bearing is worn is slowed, whereby the useful 
life of the bearing can be prolonged. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a cooling system 
for use with an electronic apparatus according one 
embodiment of the present invention; 
FIG. 2 is a block diagram showing a water-cooling 

condenser-type cooling unit constituting the cooling 
system of the embodiment illustrated in FIG. 1; 

FIG. 3 is a block diagram showing an air-cooling 
condenser-type cooling unit constituting the cooling 
system of the embodiment; 

FIG. 4 is a block diagram showing an example of a 
compressor constituting the cooling unit of the embodi 
ment; 

FIG. 5 is a characteristic graph showing the relation 
ships between the operation frequency and the cooling 
power and between the operation frequency and a 
power consumption of the cooling system of the em 
bodiment; 

FIG. 6 is a flow chart showing the operation of a 
controller constituting the cooling system of the em 
bodiment when starting the operation of the cooling 
system; 

FIG. 7 is a flow chart showing the operation of the 
controller constituting the cooling system of the em 
bodiment for a temperature control and a degenerated 
operation; and 
FIG. 8 is a flow chart showing the operation of a unit 

controller constituting the cooling system of the em 
bodiment for detecting an abnormality. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1, a cooling system 1 according to one em 
bodiment comprises at least two or more (three in this 
embodiment) cooling units 4 for cooling to a predeter 
mined temperature a cooling liquid for cooling a liquid 
cooled electronic apparatus 2 such as a computer which 
is an object to be cooled; a pump 3 for circulating the 
cooling liquid through the electronic apparatus 2 and 
the cooling units 4; a cooling liquid pipeline 5 for inter 
connecting the electronic apparatus 2, pump 3, and 
respective cooling unit 4; couplers 21 arranged at both 
ends of a connection between each cooling unit 4 and 
the cooling liquid pipe line 5 and provided with a valve 
mechanism for connecting and removing the cooling 
unit 4; a temperature sensor 22 for detecting a tempera 
ture of the cooling liquid supplied to the electronic 
apparatus 2; a controller 23 for controlling the opera 
tion of each cooling unit 4 based on the difference be 
tween a temperature detected by the temperature sensor 
22 and a predetermined set temperature; and a plurality 
of unit controllers 24 each for performing a variable 
control of the individual cooling unit 4 based on a com 
mand from the controller 23 and for turning the power 
supply on and off. The cooling units 4 are arranged in 
parallel with each other with respect to the electronic 
apparatus 2, connected to each other through the cool 
ing liquid pipe line 5, and cool the cooling liquid by 
performing a heat exchange between the cooling liquid 
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4. 
and a coolant (for example, a gaseous material such as 
Freon made by Dupont). 
The cooling units 4 may be roughly classified into 

two which are different from each other in a method of 
condensing the coolant. One is a water-cooling con 
denser-type cooling unit shown in FIG. 2, and the other 
is a air-cooling condenser-type cooling unit shown in 
FIG. 3. 

In FIG. 2, the water-cooling condenser-type cooling 
unit 4a comprises a compressor 6 for compressing the 
coolant; a water-cooling condenser 8 for taking off heat 
from the compressed coolant by use of an external cool 
ing water to condense the coolant; an expansion valve 9 
for driving the condensed coolant in a lower pressure 
state; a vaporizer 7 for cooling the cooling liquid by the 
low-temperature and low-pressure coolant supplied 
from the expansion valve 9; and a coolant pipe line 10 
for interconnecting these components. 
On the other hand, the air-cooling condenser-type 

cooling unit 4b comprises, as shown in FIG. 3, an air 
cooling condenser 12 provided in place of the water 
cooling condenser 8 for taking off heat from the coolant 
compressed by the compressor 6 with a cooling air to 
condense the coolant; and a fan 13 for supplying this 
air-cooling condenser 12 with the cooling air. The rest 
of the structure and operation of the air cooling con 
denser-type cooling unit 4b are fully identical to the 
water-cooling condenser-type cooling unit 4a. 
As the compressor 6 arranged in the cooling unit 4 as 

described above, a variety of compressors may be em 
ployed, e.g., a reciprocating compressor which utilizes 
reciprocating motion of a piston to compress a coolant; 
a scroll compressor which utilizes slewing motion of a 
scroll to compress a coolant; and so on. In this embodi 
ment, a scroll compressor is shown as an example in 
FIG. 4. In FIG. 4, the compressor 6 comprises a motor 
31; a fixed spiral scroll 33 fixed to the compressor 6; a 
slewing scroll 34 which has a spiral shape in the direc 
tion reverse to the fixed scroll 33 and is fitted in the 
fixed scroll 33 for performing slewing motion; and a 
bearing 32 for transmitting the rotational motion of the 
motor 31 to the slewing scroll 34 to allow the same to 
perform the slewing motion. The motor 31 is connected 
to an A.C. power supply through an invertor 35 capable 
of varying the frequency of outputted A.C. power and 
a switching circuit 36 for turning on and off the power 
supply. 
The operation of the compressor 6 will be explained 

below. When the motor 31 performs rotational motion 
at a rotational speed in accordance with a frequency 
(operation frequency) outputted by the invertor 35, this 
rotational motion is transmitted to the slewing scroll 34 
through the bearing 32 so that the slewing scroll 34 
performs slewing motion at the same rotational speed as 
the motor 31. A low-temperature and low-pressure 
coolant taken into the compressor 6 through an inlet 
port thereof is compressed by the slewing motion of the 
slewing scroll 34 to be a high-temperature and high 
pressure coolant which is then discharged from an out 
let port. An amount of the coolant compressed and 
discharged by one slewing motion of the siewing scroll 
34 depends on the capacity inherent to the compressor. 
For this reason, if the rotational speed varies, the 
amount of the coolant compressed in a certain unit time 
also changes in proportion to the varying rotational 
speed. If the compression amount changes, an amount 
of the coolant supplied to the vaporizer 7 also changes, 
resulting in a change in the cooling-liquid cooling 
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power. Therefore, if the invertor 35 is controlled to 
change the operation frequency, the rotational speed of 
the motor 31 is changed, so that the cooling power of 
the cooling unit 4 can be adjusted. It should be noted 
however that the motor 31 has an operable range de 
fined in accordance with its type, performance and so 
on to guarantee a normal operation within that range. 
The operable range may be represented by the opera 
tion frequency, e.g., from a Hz to 6 Hz. Thus, as indi 
cated by a solid line in FIG. 5, each of the cooling units 
4 has the cooling power Q(f) also adjustable within the 
operation frequencies from a Hz to £3 Hz, so that the 
cooling power Q(f) ranges from Q(a) to Q(3). 

Incidentally, a speed at which the bearing 32 is worn 
in the compressor 6 is related to the rotational speed of 
the motor 31. More specifically, as the operation fre 
quency is increased to rotate the motor 31 at a higher 
rotational speed in order to enhance the cooling power, 
the bearing 32 is worn in a correspondingly shorter 
time, whereby the useful life thereof becomes shorter. 
Conversely, if the motor 31 is rotated at a lower rota 
tional speed so as to decrease the cooling power, the 
wearing speed of the bearing 32 is slowed and accord 
ingly the useful life of the bearing 32 becomes longer. 
For the cooling system 1 constructed as described 

above, the operation will be explained with reference to 
FIGS. 6, 7 and 8. Operation Initiation 
The controller 23 commands each of three unit con 

trollers 24 to determine whether or not the cooling unit 
4 is connected thereto. Each unit controller 24 deter 
mines whether or not a corresponding cooling unit 4 is 
connected thereto in accordance with the command, 
and transmits the result to the controller 23. The con 
troller 23 receives the determination results from the 
respective unit controllers 24 and recognizes that a total 
of three cooling units 4 are connected to the cooling 
system 1. 

Next, the controller 23 determines the number n of 
the cooling units 4 capable of generating cooling power 
corresponding to a previously expected and preset heat 
generating amount Qh of the electronic apparatus 2. 
More specifically, the value of n is determined with 
which a point at which Q(f)xn=Qhis satisfied exists in 
a cooling range Q(a)x n-Q(3)Xn of the cooling sys 
tem 1 when n cooling units 4 are operated. 

In this event, if a cooling range of the individual 
cooling units 4 is so wide that the cooling range of the 
cooling system 1 with n cooling units 4 overlaps with 
the cooling range of the cooling system 1 with n-1 
cooling units 4, and if the cooling power corresponding 
to the heat generating amount Qh can be generated by 
eithern cooling units or n+1 cooling units, the control 
ler 23 selects n--1 as the number of cooling units 4 to be 
operated. 

For example, in this embodiment, the cooling range 
of the cooling system 1 when two cooling units 4 are 
operated overlaps with the cooling range of the cooling 
system 1 when three cooling units 4 are operated in a 
region Q(a)X3-O(3)x2, as shown in FIG. 5. In this 
overlapping region, Q(A)x3=Q(B)X2=Qhis satisfied 
with the operation frequencies equal to A and B 
(A-B). While two or three cooling units may be oper 
ated in this case, the controller 23 selects three, wherein 
the operation frequency of the respective cooling units 
4 is lower. 
Then, the controller 23 commands the respective unit 

controllers 24 to start operating the three cooling units 
4 at a minimal cooling power Q(a). In other words, the 
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6 
controller 23 commands the respective unit controllers 
24 to initiate the motor 31 of the compressor 6 at a 
minimal frequency a. Each of the unit controllers 24 is 
responsive to the command from the controller 23 to 
turn the switching circuit 36 on as well as to initiate the 
motor 31 with the operation frequency set at the mini 
mal frequency a. The motor 31 starts rotational motion 
at a rotational speed in accordance with this frequency 
o, and the compressor 6 starts compressing the coolant, 
thus allowing each cooling unit 4 to initiate the opera 
tion. Also, the controller 23 initiates the pump 3 simulta 
neously with the command to the respective unit con 
trollers 24. In this manner, a cooling liquid cooled by 
the respective cooling units 4 begins circulating 
through the electronic apparatus, and the cooling sys 
tem 1 starts the operation. 

Temperature Control 
When the cooling system 1 starts the operation, the 

controller 23 compares a temperature T detected by the 
temperature sensor 22 with a predetermined set temper 
ature To at constant time intervals. Explaining in 
greater detail, it is determined as a first stage whether or 
not the detected temperature T is equal to the set tem 
perature To. If the two temperature values are deter 
mined to be equal, the controller 23 continues to com 
pare these temperatures at constant time intervals while 
leaving the respective cooling units 4 to operate. Con 
versely, if they are determined to be different, it is deter 
mined as a second stage whether or not T is higher than 
To. If the determination result shows that T is higher 
than To, the temperature difference between T and To 
is calculated and then converted to a frequency differ 
ence (a frequency control amount Af) of the frequency 
at which the motor 31 is driven. Then, this frequency 
control amount Afis added to the operating frequency 
at that time. Next, this sun f--Af is compared with a 
maximal frequency B. If the comparison result shows 
that f--Af is not more than 3, the controller 23 com 
mands the respective unit controllers 24 to change the 
operation frequency to f--Af. When each unit control 
ler 24 controls the invertor 35 to change the operation 
frequency in accordance with the command, the con 
troller 23 resumes the temperature comparison process 
ing. The above operations are repeated until T becomes 
equal to To. If f--Af is larger than 3, the operation 
frequency cannot be changed, so that the electronic 
apparatus 2 cannot be appropriately cooled without 
modifications. In this event, the controller 23 displays 
on an external display means that the temperature of the 
cooling liquid is abnormal, and also displays that more 
cooling units 4 should be operated. If the total number 
of the cooling units connected to the cooling system 1 is 
larger than the number of operating cooling units 4, the 
controller 23 commands one of the unit controllers 24 
corresponding to a standby cooling unit 4 to initiate the 
same at the operation frequency f to perform the tem 
perature control with the four cooling units 4. 
On the other hand, if the determination is made that T 

is not higher than To, i.e., T is lower than To, the tem 
perature difference between T and To is calculated and 
converted to a frequency control amount Af, similarly 
to the case where T is determined to be higher than To. 
The frequency control amount Af is subtracted from 
the operating frequency fat that time. Then, the differ 
ence f-Af’ is compared with the minimal frequency ol. 
If the comparison result shows that f-Af’ is not less 
than a, the controller 23 commands the respective unit 
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controllers 24 to change the operation frequency to 
f-Af. When each unit controller 24 controls the inver 
tor 35 to change the operation frequency in accordance 
with the command, the controller 23 resumes the tem 
perature comparison processing. The above operations 
are repeated until T becomes equal to To. If f-Af’ is 
lower than a, the controller 23 commands the unit con 
troller 24 connected to one of the three cooling units 4 
in operation to stop the one cooling unit 4 without 
changing the operating frequency f. When the unit 
controller 24 stops the cooling unit 4 in accordance 
with the command, the controller 23 performs the tem 
perature control by use of the remaining two cooling 
units 4. 

Detection of Abnormalities in Cooling Units 
The unit controllers 24 always monitor the cooling 

units 4 to detect abnormalities by a variety of sensors 
arranged in the cooling units 4 in addition to the vari 
able control of the cooling units 4 in accordance with a 
command from the controller 23 as described above. 
The variety of sensors may include a pressure sensor for 
detecting the pressure of the coolant discharged from 
the compressor, a temperature sensor for detecting the 
temperature of the same, and so on. In this embodiment, 
detection of abnormality by use of a pressure sensor will 
be explained with reference to FIG. 8. 
Each of the unit controllers 24 fetches a pressure 

value P detected by a pressure sensor 14 arranged in 
each cooling unit 4 and compares the detected pressure 
P with a predetermined abnormal pressure level Ps. If 
the comparison result shows that P is not more than Ps, 
the unit controller 24 allows the cooling unit 4 to con 
tinue the operation so far performed. If P exceeds Ps, 
the unit controller 24 further compares P with an opera 
tion stop level Pt which is higher than Ps. If P is lower 
than Pt, the unit controller 24 controls the invertor 35 
to output a frequency f-, which is lower than the 
operating frequency f at that time by a predetermined 
constant control amounty. Then, until P presents a 
normal value, the above operations are repeated. If P is 
not less than Pt, the unit controller 24 turns the switch 
ing circuit 36 off to stop the operation of the cooling 
unit 4. Then, the unit controller 24 informs the control 
ler 23 of the stopped operation. Degenerated Operation 
When the controller 23 receives the information from 

the unit controller 24 that one of the three cooling units 
4 in operation has been stopped due to the abnormality 
detected as described above, the controller 23 controls 
the unit controlliers 24 to perform a degenerated opera 
tion by use of the two cooling units 4 which is still 
operating. 

First, the total frequency 3f which is the sum of the 
operation frequency f of the respective cooling units 4 
before the occurrence of the abnormality is equally 
divided by the number of the operating cooling units 4 
after the occurrence of the abnormality, i.e., two. Then, 
the controller 23 commands the unit controllers 24 
connected to the two operating cooling units 4 to 
change the operation frequency to the equally divided 
value 3f/2. When each unit controller 24 controls the 
invertor 35 to change the operation frequency in accor 
dance with the command, the controller 23 performs 
the above described temperature control until a de 
tected temperature becomes equal to the set tempera 
ture. 

Other than the above operations, the controller 23 
always monitors the pump 3 to detect abnormalities 
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8 
therein. If the occurrence of an abnormality is detected 
in the pump 3, the controller 23 displays it on the exter 
nal display means as well as performs procedures such 
as stopping the cooling units 4. 
While the invention created by the present inventors 

has been specifically explained in connection with one 
embodiment thereof, it goes without saying that the 
present invention is not limited to the above embodi 
ment and can be modified in various manners without 
departing from the gist thereof. 

For example, while the foregoing embodiment has 
been explained for the case where the cooling system 1 
is applied to a liquid-cooling type electronic apparatus 2 
such as a computer, the present invention is not limited 
to this embodiment but may be widely applicable to 
other electronic apparatuses such as an air-cooling type 
electronic apparatus. 

Also, while the foregoing embodiment has been ex 
plained for the case where three cooling units 4 are 
connected to the cooling system 1, the cooling system 1 
may be provided with four or more cooling units, in 
which case the number of the cooling units can be ad 
justed in accordance with an amount of heat generated 
by an electronic apparatus to be cooled, as described 
above. 

Effects produced by representative ones of the inven 
tions disclosed in this application may be summarized in 
the following manner: 

In a cooling system having a plurality of cooling units 
each having a predetermined cooling range and cooling 
power individually adjustable within that range; a con 
troller for performing an operation control for all the 
cooling units; and unit controllers each for adjusting the 
cooling power of each cooling unit in accordance with 
commands from the controller, when a cooling range 
provided when n cooling units are operated overlaps 
with a cooling range provided when n-1 cooling units 
are operated, if cooling power corresponding to an 
amount of heat generated by an electronic apparatus 
can be generated by eithern cooling units or n-1 cool 
ing units, and either n or n-1 cooling units can be 
operated, the controller selects the operation by use of 
n--1 cooling units to reduce the cooling power gener 
ated by each cooling unit, thus providing a sufficient 
margin of the cooling power for each cooling unit. In 
this manner, even if an abnormality occurs in one of 
n-1 cooling unit to cause the cooling unit to stop the 
operation, the entire cooling operation can be main 
tained by the remaining in cooling units. Further, since a 
motor in a compressor may be rotated at a lower rota 
tional speed, a bearing is less worn, resulting in prolong 
ing the useful life of the bearing. 

Further, in the cooling system according to the fore 
going embodiment, it can be seen from FIG. 5 that a 
power consumption W(A)x3 required to operate three 
cooling units at frequency A for generating cooling 
power Q(A)x3 corresponding to the heat generating 
amount Qh of an electronic apparatus (Q(A)x3 =Qh) is 
less than a power consumption W(B)X2 required to 
operate two cooling units at frequency B (BoA) for 
generating cooling power Q(B)x2 corresponding to 
Qh (Q(B)x2=Qh). In this manner, a less power con 
sumption may be required when n-1 cooling units are 
operated at a lower frequency than when n cooling 
units are operated at a higher frequency. Therefore, it is 
also expected that when either n or n-1 cooling units 
are operable, a power consumption can be reduced by 
selecting an operation with n-1 cooling units. 
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What is claimed is: 
1. A cooling system for an electronic apparatus com 

prising: 
a flow path in which a cooling medium circulates; 
a heat generating source arranged in said flow path; 5 
n--1 cooling units arranged in said flow path in paral 

lel with each other for cooling the cooling medium 
at a predetermined temperature, said cooling units 
each having a compressor, the rotational speed of 
which is controlled by an operation frequency, and 10 
being operative in a first operating mode in which 
n--1 of said cooling units are operated respectively 
at a first operation frequency and in a second oper 
ating mode in which in out of said n-1 cooling 
units are operated respectively at a second opera 
tion frequency; 

supply means arranged in said flow path for supply 
ing the cooling medium cooled by said cooling 
units to said heat generating source; 

abnormality detecting means for detecting abnormali 
ties in said respective cooling units; and 

switching means, responsive to said abnormality de 
tecting means when detecting that an abnormality 
has occurred in one of said cooling units which are 
operating in said first operating mode, for switch 
ing the operating mode from said first operating 
mode to said second operating mode. 

2. A cooling system according to claim 1, further 
comprising: 

temperature detecting means for detecting a tempera 
ture of the cooling medium cooled by said cooling 
units; and 

power control means for controlling the cooling 
power of said each cooling units based on a temper 
ature detected by said temperature detecting 
63S. 

3. A cooling system according to claim 1, further 
comprising an initiation control means for initiating the 
operation of said cooling units in said first mode. 

4. A cooling system according to claim 1, wherein 
said switching means comprises: 

stop means for stopping the operation of said cooling 
unit in which an abnormality has occurred; and 

frequency control means for changing the operation 
frequency at which n of said cooling units continu 
ing the operation are driven to said second opera 
tion frequency. 

5. A cooling system according to claim 1, wherein 
said switching means comprises: 

stop means for stopping the operation of said cooling 
unit in which an abnormality has occurred; 

calculating means for performing a predetermined 
calculation on said first operation frequency before 
the occurrence of an abnormality; and 

frequency control means for changing the operation 
frequency at which in of said cooling units continu 
ing the operation are driven to a frequency derived 
from the calculation performed by said calculating 
C2S. 

6. A cooling system according to claim 2, wherein 
said power control means comprises: 
comparing means for comparing a temperature de 

tected by said temperature detecting means with a 
previously set temperature; 

calculating means for calculating cooling power to be 
generated by said cooling unit based on the con 
parison result derived by said comparing means; 
and 
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10 
adjusting means for adjusting the cooling power of 

said cooling unit to the cooling power calculated 
by said calculating means. 

7. A cooling system for an electronic apparatus com 
prising: 
a flow path in which circulates a cooling medium for 

cooling the electronic apparatus; 
supply means arranged in said flow path for supply 

ing the cooling medium to the electronic apparatus; 
cooling units, in or n--1 of which are capable of gen 

erating cooling power corresponding to an amount 
of heat generated by the electronic apparatus, each 
of said cooling units having a motor for a compres 
sor, the rotational speed of which is controlled by 
an operation frequency; 

means for installing n-1 of said cooling units con 
nected in a parallel configuration in said flow path; 

initiating means for initiating said n+1 cooling units 
upon initiating said cooling system; 

abnormality detecting means for detecting abnormali 
ties in said respective cooling units; 

stop means responsive to said abnormality detecting 
means which detects the occurrence of an abnor 
mality in one of said cooling units for stopping the 
operation of said cooling unit in which the abnor 
mality has occurred; and 

operation control means for controlling the cooling 
powers of said respective cooling units such that in 
of said cooling units generate cooling power corre 
sponding to the amount of heat generated by said 
cooling unit. 

8. A cooling system according to claim 7 further 
comprising: 

temperature detecting means for detecting a tempera 
ture of the cooling medium cooled by said cooling 
units; 

comparing means for comparing a temperature de 
tected by said temperature detecting means with a 
previously set temperature; 

calculating means for calculating cooling power of 
said each cooling unit based on the comparison 
result derived by said comparing means; and 

power control means for changing the cooling power 
of said each cooling unit to the cooling power 
calculated by said calculating means. 

9. A cooling system according to claim 7, wherein 
said operation control means controls the operation 
frequency at which said respective cooling units are 
driven to adjust the cooling power of said cooling units. 

10. A method of controlling a cooling system for an 
electronic apparatus comprising: 

a plurality of cooling units for cooling a cooling me 
dium for cooling the electronic apparatus at a pre 
determined temperature, each of said cooling units 
having a motor for a compressor, the rotational 
speed of which is controlled by an operation fre 
quency; 

supply means for supplying the electronic apparatus 
with the cooling medium cooled by said cooling 
units; 

adjusting means arranged in said each cooling unit for 
adjusting the cooling power of said each cooling 
unit; 

switching means arranged in said each cooling unit 
for turning on and off power supply to said each 
cooling unit; and 

a plurality of unit controllers for controlling said 
adjusting means and said switching means for each 
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11 
of said plurality of cooling units, said method com 
prising the steps of: 

determining the number of cooling units when a max 
imum value of a total cooling power generated by 
a plurality of the cooling units, all of which are 
operated to generate identical cooling power, be 
comes equal to or more than a previously set 
amount of heat generated by the electronic appara 
tus; 

determining whether or not a minimal value of the 
total cooling power, obtained when the number 
equal to said determined number plus one of said 
cooling units are operated such that each of said 
cooling units generates identical cooling power, is 
equal to or less than said heat generating amount; 

selecting the number of said cooling units to be oper 
ated on the basis of said determination result; 

commanding said selected number of unit controllers 
to start operating said cooling units, said unit con 
trollers controlling said switching means in accor 
dance with said command to start operating said 
cooling units; 

detecting a temperature of the cooling medium 
cooled by said cooling units; 

comparing said detected temperature with a prede 
termined set temperature; 
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calculating cooling power to be generated by said 
each cooling unit based on said comparison result; 
and 

commanding said each unit controller to change the 
cooling power of said each cooling unit to said 
calculated cooling power, said unit controller con 
trolling said adjusting means in accordance with 
said command to change the cooling power of said 
each cooling unit. 

11. A cooling system according to claim 10, further 
comprising the steps of: 

detecting an abnormality when occurring in said each 
cooling unit; 

stopping a cooling unit in which the abnormality has 
occurred; 

calculating cooling power to be generated by said 
each cooling unit such that the rest of the cooling 
units continuing the operation after the occurrence 
of the abnormality can generate the cooling power 
which has been generated by the operating cooling 
units before the occurrence of the abnormality; and 

commanding said each unit controller to change the 
cooling power of said cooling unit continuing the 
operation to said calculated cooling power, 
wherein said unit controllers control said adjusting 
means in accordance with said command to change 
the cooling power of said cooling units. 
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