
WO 2005/024831 PCT/GB2004/003802  1 TEMPERATURE
CONTROL DEVICE, DISK DRIVE UNIT  TEST APPARATUS, AND A
METHOD OF TESTING OR OPERATING A PLURALITY OF DISK
DRIVE UNITS 5 The present invention relates to a
temperature control device, a disk drive  unit test
apparatus and a method of testing or operating a
plurality of disk drive  units 10 During manufacture
of disk drive units, it is necessary to test the disk
drive  units to ensure that they meet the required
specification. As part of the testing  operation, it
is necessary to control the temperature of the disk
drive units. The  temperature of the disk drive units
is varied across a wide range during testing. In one
of the applicant's own known testing apparatus, the
temperature of plural  15 disk drive units is
controlled by using cooling or heating air which is
common to  all of the disk drive units. It is also
desirable to maintain the temperature of a disk drive
unit to be  within a predetermined range during normal
operation of the disk drive unit, i.e. 20 when the
disk drive unit is in normal use by an end user. It is
common practice in  computers to provide a cooling fan
which draws in air and causes the cooling air  to flow
over components within the computer including
particularly the CPU, in  order to keep down the
temperature of the components. However, this provides
a crude cooling mechanism and does not provide for
separate control of the 25 temperature of the
individual components of the computer and particularly
the  disk drive unit. A temperature control device is
required that enables the  temperature of a disk drive
to be controlled. There is disclosed in the
applicant's own international patent application  30
number WO-A-01/41148 a system for temperature control
of a disk drive unit.  



Reference is also made to our PCT/GB03/02826. WO
2005/024831 PCT/GB2004/003802  2 In systems in which
plural disk drive units are connected together such
as,  for example, test racks, it is desirable to be
able to fit as many temperature  control devices and
disk drive units into a limited volume as possible. 5
According to a first aspect of the present invention,
there is provided a  temperature control device for a
disk drive unit, the temperature control device
comprising: a housing for connection to a carrier for
a disk drive unit; an air flow  generator arranged in
the housing for providing a flow of air to a disk
drive unit in  a connected carrier; and, an air flow
control device arranged at the side of the air 10 flow
generator and selectively configurable to control the
air flow path whereby  the temperature of air flowing
to the disk drive unit can be controlled. According to
a second aspect of the present invention, there is
provided  disk drive unit test apparatus for receiving
a plurality of disk drive units, the test 15 apparatus
comprising: a plurality of temperature control devices
according to the  first aspect of the present
invention and a plurality of carriers, each for
connection to a respective one of the temperature
control devices and each for  receiving a respective
disk drive unit. 20 According to a third aspect of the
present invention, there is provided a  method of
testing one or more disk drive units, wherein the
temperature of each  of the one or more disk drive
units is independently controlled during testing of
the disk drive units, the temperature being controlled
using a temperature control  device according to the
first aspect of the present invention. 25 According to
a fourth aspect of the present invention, there is
provided a  method of operating one or more disk drive
units, wherein the temperature of  each of the one or
more disk drive units is independently controlled
during  



operation of the disk drive units, the temperature
being controlled using a 30 temperature control device
according to the first aspect of the present
invention. WO 2005/024831 PCT/GB2004/003802  3 The
temperature control device enables the temperature of
a disk drive  unit to be controlled to be at a
predetermined temperature during operation of the
disk drive unit. It will be understood that, in
practice, the temperature will be  controlled to be
within certain limits of a predetermined temperature
and the 5 phrase "predetermined temperature" shall be
construed accordingly. Since the  air flow control
device is arranged at the side of the fan within the
temperature  control device, the volume (principally
the height) occupied by the temperature  control
device is smaller in comparison to previously
available temperature  control devices. Accordingly,
the invention provides a solution to the problem of 10
providing a temperature control device with which the
temperature of a disk drive  unit can be controlled
independently of any other associated disk drive units
whilst simultaneously minimising the volume required
for the temperature control  device. 15 An embodiment
of the present invention will now be described by way
of  example with reference to the accompanying
drawings, in which: Figure 1 shows a perspective view
of an example of a temperature control  device
according to an embodiment of the present invention;
20 Figure 2 is a view showing a perspective view of an
example of - temperature control devices as shown in
Figure 1, having a tray connected to it  suitable for
receiving a disk drive; 25 Figure 3 is a view from
above of the temperature control device of Figure  1
in a selected configuration; Figure 4 is a view from
above of the temperature control device of Figure  



1 in a different selected configuration; and, 30
Figure 5 is a perspective view of a composite disk
drive unit test unit. WO 2005/024831 PCT/GB2004/003802
4 Figure 1 shows an example of a temperature control
device 1 for a disk  drive unit according to an
embodiment of the present invention. In the example
shown, a housing 2 is provided with a connector 4 to
connect the temperature  control device 1 to a tray
holding a disk drive unit (not shown). The temperature
5 control device 1 includes an air flow generator,
such as a fan 6, which is  arranged to provide a flow
8 of air in the direction of the disk drive unit. The
temperature control device 1 is also provided with an
inlet 10 to receive a flow 12  of air from the disk
drive unit. 10 The temperature control device 1 is
controllable to direct the returning air  flow 12 via
a selected route such that once it is received again
by the fan 6 it is at  a desired temperature to
provide either cooling or heating to the disk drive
unit.  To achieve this, the temperature control device
1 is provided with an air flow  control device 22,
which is selectively configurable in such a way that
the air flow 15 path can be controlled. Accordingly,
the temperature of air provided by the fan 6  to the
disk drive can be controlled. Apertures 16 and 18 are
provided in a side  wall of the housing 2, one at the
front end of the housing 2, and the other at the  rear
end of the housing 2. 20 As will be explained below,
apertures 16 and 18 serve to provide a route  for air
via a heat exchanger (not shown in Figure 1). The
function of the heat  exchanger could simply be
provided by a vent to the outside atmosphere. In this
case to provide a cooling function it would be
necessary for the outside  atmosphere to be at a lower
temperature than the disk drive unit. The apertures 25
16 and 18 form part of a sub-system 20 including a
valve 22 used to control the  



flow of air and in particular the direction of the
flow of air so that it can be  controlled to flow
either through the heat exchanger where it can be
cooled down  or to flow directly to the disk drive
unit so no cooling of the air is provided. 30 The
housing 2 is also provided with openings 11 and 13
which provide a  path for air from the heat exchanger
used to cool associated electronics such as  a control
board (not shown) for the temperature control device
1. WO 2005/024831 PCT/GB2004/003802  5 Figure 2 is a
perspective view of an example of a temperature
control  device I as shown in Figure 1, having a tray
3 connected to it suitable for  receiving a disk drive
unit. The tray 3 may be of the type disclosed in our 5
copending International patent application (agent's
ref. AF2/P9716WO) of even  date herewith, the entire
content of which is hereby incorporated by reference.
The component parts of the temperature control device
I will be described below  with reference to Figure 3
and 4. Referring to Figure 2, the tray 3 is provided
with a space 5 into which a disk drive unit shown
schematically in phantom can 10 be inserted. The tray
3 has a bottom surface 7 provided with a number of
openings 9 which enable circulation of air around the
inserted disk drive unit. As  will be explained below,
the air is provided by the temperature control device.
Figure 3 shows a plan view of the temperature control
device with the top  15 removed. As in Figure 1, a fan
6 can be seen which functions to provide the flows 8
and 12 of air substantially parallel to a longitudinal
axis of the  temperature control device. Sub-system 20
can be seen to include a linear air  track at one side
of the fan 6. The valve 22, also linear in this
example, is  operative to control the degree or amount
of opening of apertures 16 and 18. A 20 motor 24 is
provided to control the position of valve 22 and
consequently the  degree of opening of apertures 16
and 18. In the example shown a rack and  pinion
mechanism 26 is provided to control movement of the
valve 22, although  



any suitable'mechanism could be used. 25 Air returning
in air flow 12 is therefore directed by the sub-system
20  either directly back to the fan 6, or via the heat
exchanger or a mixture of the two.  Air is received by
the fan 6 through an opening (not shown) in its
housing,  typically provided underneath the fan. In
the example shown in Figure 2, a ramp  19 is provided
and serves to provide a route for the air under and
into the fan 6. 30 WO 2005/024831 PCT/GB2004/003802  6
In the configuration shown in Figure 3, the sub-system
20 is arranged  such that the member 22 is positioned
to close apertures 16 and 18. Air flow 12  returning
from the disk drive unit is directed by a curved end
of the valve 22 to  flow by the side of fan 6 and is
directly recirculated by the fan into the air flow 8.
5 Since the disk drive unit (not shown in figure 3) to
which the temperature control  device is connected
generates heat in use, simply recycling air from the
disk  drive unit via fan 6 has the effect of
increasing the temperature of the air and the  disk
drive unit accordingly. 10 The valve 22 can be moved
in the direction of the motor 24 such that the
apertures 16 and 18 can be partially or fully opened
to enable air to flow out  through aperture 16 and
from there into a heat exchanger. The heat exchanger
then cools the air and provides a flow of cooled air
through aperture 18 in the  direction of the fan 6.
Such a configuration of the valve 22 and temperature
15 control device is shown in Figure 4. Figure 4 shows
a view from above of the temperature control device.
In  the configuration in Figure 4, the valve 22 is in
an intermediate position such that  apertures 16 and
18 are each partially open and partially closed. It
can be seen 20 that returning air flow 12 is split by
valve 22 into two component air flows 28 and  30. Air
flow 28 is directed to the heat exchanger whereas air
flow 30 is directed  



directly back to the fan 6. It will be appreciated
that apertures 16 and 18 can be  open or closed by any
desired amount such that the relative proportion of
air flow  12 that is cooled and that which is not
cooled but rather directly recirculated, can  25 be
controlled. In all the examples shown, the air valve
22 functions as an air flow control  device and is
arranged at the side of the fan. In other words, the
valve 22 is  substantially on the same level as the
fan i.e. at the level of the housing. As air 30 flows
from the disk drive unit and is returned via
sub-system 20 to the fan, at all  times it is
substantially at the level of the housing 2 of the
temperature control  device. This enables the volume
(principally the height) of the temperature WO
2005/024831 PCT/GB2004/003802  7 control device to be
minimised since there is no need to direct air onto
different  levels as done in conventional systems. As
will be appreciated, when air is caused simply to
recirculate around the  5 disk drive as in the
configuration shown in Figure 3, the temperature of
the disk drive will rise. This provides for rapid
heating of the disk drive unit. This is  particularly
advantageous when testing of the disk drive unit at
higher  temperatures is required as it allows those
higher temperatures to be achieved  more quickly,
allowing for a fast through put of disk drive units
during testing. In 10 a preferred embodiment shown in
Figures 1 to 4, an electric heater 17 is  provided in
the air flow path from the outlet of the fan 6 to the
disk drive unit. The  electric heater 17 is
selectively operated to heat the air, thereby to
achieve more  rapid warming of the disk drive unit if
required. 15 When the temperature control device is
operating in a chilled air mode  shown in Figure 1,
chilled air is caused to flow over the disk drive
unit, thereby  cooling the disk drive unit as
necessary. Use of chilled air allows more rapid
cooling of the disk drive unit to be achieved. 



20 By appropriate positioning of the valve 22 between
the extreme positions  shown in Figures 1 and 3, a mix
of chilled air and directly recirculated air can be
caused to flow across the disk drive unit, the mix
being in any desired proportion.  The valve 22 and
more generally the sub-system 20 can therefore be
configured.  to achieve and maintain the temperature
of the disk drive unit at a predetermined  25 level. ,
Figure 5 shows a composite unit of four temperature
control devices  connected to a common heat exchanger
32 at one side of carriers 36. 1 n the  example shown,
the fan 6 of the top temperature control device in the
system 30 can be seen as can the disk drive units 34
arranged in carriers 36. By arranging  the air flow
control device at the side of the fan 6 in each of the
temperature  control devices, the volume of each
temperature control device can be reduced WO
2005/024831 PCT/GB2004/003802  8  such that the
overall volume of the composite system shown in Figure
5 can be  correspondingly reduced. A housing 40 is
provided adjacent to the carriers 36  for containing
the electronics referred to above. An air flow
generator 42, in this  example, at the back of the
carriers 36, is also provided to generate air flow 5
between the electronics contained in housing 40 and
the heat exchanger 32. Each of the temperature control
devices described above can be used to  control the
temperature of a disk drive unit during testing of the
disk drive unit as  part of the normal manufacturing
process of the disk drive unit. Each of the 10
temperature control devices can also be used to
control the temperature of the  disk drive unit during
normal operation of the disk drive unit by an end
user. A plurality of temperature control devices can
be incorporated in or  assembled into disk drive unit
test apparatus, such as for example a test rack. In 15
this way, plural disk drive units can be tested
independently of each other with  independent control
of the temperature of each of the disk drive units
taking  



place. This allows individual disk drive units to be
moved into and out of the test  apparatus without
affecting the testing of other disk drive units in the
apparatus.  The temperature of individual disk drive
units in the test apparatus can be 20 markedly
different from the temperature of other disk drive
units in the apparatus.  The temperature of each of
the disk drive units can be controlled to be at a
predetermined level, which may or may not be the same
for all of the disk drive  units, regardless of the
power consumption of the individual disk drive units
and  local conditions at each disk drive unit. 25 In
addition to use in controlling the temperature of disk
drive units during  testing, each of the temperature
control devices described above can be used to
control the temperature of a disk drive unit when used
by an end user as a data  storage product. Similarly,
plural temperature control devices can be 30
incorporated in or assembled together to form data
storage apparatus having  plural disk drive units
which may be independently operable, the temperature
of  each of which can be independently controlled. The
temperature control devices WO 2005/024831
PCT/GB2004/003802  9 can be mass manufactured at
relatively low cost. The temperature control device
is effectively modular in that multiple temperature
control devices can be built up  together without
affecting the operation of other such devices. 5 In a
particular example, the temperature of a disk drive
can be controlled  to be in plus or minus 1 degree
centigrade of the target temperature in the range,  of
about 20*C to 700C. The maximum rate of increase of
temperature which is  achievable can typically be of
the order of 4-70C per minute and the minimum  rate of
decrease of temperature can typically be of the order
of 1-30C per minute. 10 An embodiment of the present
invention has been described with  



particular reference to the example illustrated.
However, it will be appreciated  that variations and
modifications may be made to the example described
within  the scope of the present invention. WO
2005/024831 PCT/GB2004/003802  10 CLAIMS 1. A
temperature control device for a disk drive unit, the
temperature control  device comprising: 5 a housing
for connection to a carrier for a disk drive unit; an
air flow generator arranged in the housing for
providing a flow of air to  a disk drive unit in a
connected carrier; and, an air flow control device
arranged at the side of the air flow generator and
selectively configurable to control the air flow path
whereby the temperature of air  10 flowing to the disk
drive unit can be controlled. 2. A temperature control
device according to claim 1, comprising at least two
apertures in a side of the housing for providing
possible air flow paths. 15 3. A temperature control
device according to claim 2, comprising a linearly
movable valve to control a degree of opening of the
apertures. 4. A temperature control device according
to claim 3, comprising a rack and  pinion mechanism to
operate the linearly movable valve. 20 5. A
temperature control device according to any of claims
2 to 4, comprising  a heat exchanger in communication
with the apertures arranged to selectively  receive
and cool at least a portion of the air from a said
disk drive unit thereby to  provide chilled air,
wherein the air flow control device is selectively
operable to 25 cause air to recirculate directly
across a said disk drive unit, or to cause at least a
portion of the air that has passed over a said disk
drive unit to pass through the  heat exchanger. 



6. A temperature control device according to claim 5,
wherein the first and  30 second apertures are capable
of being open or closed in a desired proportion such
that air provided to a said disk drive unit is a
mixture of directly recirculated  air and air from the
heat exchanger.  7. A temperature control device
according to any preceding claim,  comprising a
selectively operable heater in the air flow path to a
said disk drive 5 unit for selectively heating air
prior to said air flowing across a said disk drive
unit. 8. A temperature control device according to any
preceding claim, wherein  the air flow generator is a
DC blower or a radial fan. 10 9. Disk drive unit test
apparatus for receiving a plurality of disk drive
units,  the test apparatus comprising: a plurality of
temperature control devices according to any of claims
1 to 8; 15 and, a plurality of carriers, each for
connection to a respective one of the  temperature
control devices and each for receiving a respective
disk drive unit. 20 10. A method of testing one or
more disk drive units, wherein the temperature  of
each of the one or more disk drive units is
independently controlled during  testing of the disk
drive units, the temperature being controlled using a
temperature control device according to any of claims
1 to 8. 25 11. A method of operating one or more disk
drive units, wherein the  temperature of each of the
one or more disk drive units is independently
controlled during operation of the disk drive units,
the temperature being  controlled using a temperature
control device according to any of claims 1 to 8. 


