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[57] ABSTRACT 
Apparatus for a disc drive memory is described for con 
tinuously compensating for the effects of thermal ex 
pansion on the positioning of read/write heads with re 
spect to a disc pack. The apparatus includes a thermis 
ter which is positioned to register temperature changes 
occurring in air which has passed in heat conducting 
relationship over a disc surface, as well as a thermistor 
for measuring a temperature representative of the aver 
age temperature of the support structure extending be 
tween the read/write heads and the disc pack. Changes 
in temperature detected by the thermistors are com 
pared with one another and to a set reference tempera 
ture in order to generate a compensation signal for su 
per-imposition on the positioning signal which regu 
lates the head position controller so that a correction 
is made for the effect of thermal expansion on the posi 
tioning of the heads. 

10 Claims, 2 Drawing Figures 
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THERMAL EXPANSION COMPENSATHON FOR 
DISC DRIVE MEMORY 

BACKGROUND OF THE INVENTION 

The present invention relates to random access mem 
ory drive and recording mechanisms, and, more partic 
ularly, to apparatus for compensating for the effects of 
thermal expansion on the positioning of a data transfer 
device such as a read/write head with respect to a data 
storage device such as a magnetically recordable disc 
pack. 
As the speed of computers and other data processing 

units has increased, there has been a strong demand 
that the speed with which data or information is trans 
ferable between data memories and a computer be cor 
respondingly increased. For this reason, direct access 
memories of the type employing a pack of rotating 
magnetic discs for recording and storing data are being 
widely adopted. Memories of this nature have the ad 
vantage of enabling information to be either trans 
ferred to, or removed from, randomly selected loca 
tions or tracks on the disc without the necessity of the 
memory having to serially “seek” the desired location 
such as must, for example, magnetic tape memories. 
To be effective, a random access disc pack memory 

apparatus of this type must be capable of quickly and 
precisely positioning read/write heads with respect to 
the recording discs of the disc pack at specified radial 
address locations. For this reason, relatively sophisti 
cated position sensing and positioning systems, such as 
those disclosed in commonly owned and copending ap 
plication Ser. Nos. 63,508 (now abandoned) and 
172,781 filed respectively Aug. 13, 1970 and Aug. 18, 
1972 and entitled “Position Sensor” and “Linear Posi 
tioning Apparatus for Memory Disc Pack Drive Mech 
anisms,” respectively, have been developed. Such sys 
tems rely on the use of sensors of one sort or another 
to generate one or more electrical position signals rep 
resentative of the position at any given time of the 
read/write heads with respect to the recording discs 
during relative motion of the two. Such signals are then 
used to produce a control signal suitable for introduc 
tion into a position controller to position the heads at 
the desired locations with respect to the discs. 

It will be recognized that for precise positioning, the 
effects of thermal expansion of those parts of the de 
vice supporting the read/write heads with respect to the 
disc packs must also be taken into account. The prob 
lem of thermal expansion is particularly acute during 
the warm-up period of the memory device and when a 
disc pack at an ambient room temperature is placed 
within a drive and recording apparatus already at its 
operating temperature. It has been sufficient with past 
positioning accuracy requirements to provide tempera 
ture compensation only after the disc pack has been 
changed. An example of such a temperature compensa 
tion system is that described and claimed in U. S. Pat. 
No. 3,531,789 issued Sep. 29, 1970 to M. O. Halfhill 
et al., for ”Temperature Compensation for Data Stor 
age Device.” 
There has not only been a demand that the access 

speed of data memory devices be increased, but also a 
strong demand that the capacity thereof, i.e., the 
amount of data or information which can be stored in 
a given size area, be correspondingly increased. With 
respect to disc pack types of memories, a preferred 
method by which this can be accomplished is by in 
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2 
creasing the number of tracks on each disc surface at 
which data can be stored on the surface. Any such in 
crease in the track density requires, though, that the 
system for positioning the read/write heads with re 
spect to any particular track be correspondingly more 
precise to provide the necessary discrimination be 
tween adjacent tracks. The effects of differential ther 
mal expansion due to changing ambient conditions and 
other causes on such positioning during steady-state 
operation of the device will prevent achieving the pre 
cise positioning that is necessary. Thus, in order to ap 
preciably increase the storage capacity by the preferred 
method, one must be capable of compensating for ther 
mal expansion not only during machine and/or disc 
pack warm-up, but also during steady-state operation 
of the machine. 
There are several factors which have inhibited devel 

opment in the past of a practical and yet effective 
means for compensating for thermal expansion. For 
one thing, there are many different materials in the ap 
paratus supporting the read/write heads with respect to 
the disc packs, many of which have different thermal 
coefficients of expansion. Any compensation system 
taking each of such materials into direct consideration 
would be unduly complex and too expensive for use. 
Another problem is that the movements required of the 
read/write heads and the disc pack have prevented ac 
curate temperature determinations of each. For exam 
ple, disc packs are normally rotated at speeds between 
40 and 60 revolutions per second. Because of such fast 
rotary motion, and because one must have the capabil 
ity of easily removing and replacing disc packs, it is not 
practical to install a temperature transducer directly in 
the disc pack. Remote temperature sensing devices 
such as radiation detectors are presently too costly to 
warrant their usage except as a last resort. 

SUMMARY OF THE INVENTION 

The present invention provides apparatus which is 
capable of compensating for the effects of thermal ex 
pansion on the positioning of a data transfer device 
with respect to a data storage device during all phases 
of operation of the memory of which such devices are 
a part, including during steady-state operation thereof. 
As one particularly salient feature of the instant inven 
tion, it has been found that in order to provide the de 
sired temperature compensation, it is not necessary to 
measure the temperature of the data storage device, 
e.g., a disc pack, directly. More particularly, it has been 
found that by monitoring the temperature of air or an 
other gaseous medium which has passed over a record 
ing or other major surface of a storage device, one can 
obtain a sufficiently accurate indication of temperature 
changes in the storage device itself for use in a continu 
ous temperature compensation system. It has also been 
found that it is not necessary to measure the tempera 
ture or otherwise determine the expansion of each of 
the many materials making up the apparatus providing 
support between the data storage and transfer devices. 
Rather, accurate compensation can be made by mea 
suring changes in a temperature which is representative 
of the average temperature of all of the supporting ap 
paratus materials, if such temperature changes are 
compared in a particular manner with both a reference 
temperature and the temperature changes occurring in 
either the data storage device or the data transfer de 
vice. 
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ture compensation signal by shifting said proximity 
range to correspond with the corrected positioning of 
said transfer device with respect to said storage device 
caused by said temperature compensation signal. 

10. In a random access memory apparatus of the type 
employing a disc pack for data storage and read/write 
heads for transferring data between the disc pack and 
a processing unit, means for detecting changes in the 
temperature of said disc pack comprising a tempera 
ture transducer mounted to intercept air flow which 
has passed in heat conducting relationship over one of 
the storage surfaces of said disc pack during operation 
thereof to detect changes in the temperature of said air 
caused by said storage surface and thereby provide a 
representation of changes in the temperature of said 
disc pack, means for generating a first electrical signal 
having a potential level proportional to the difference 
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12 
between the average temperature of apparatus for sup 
porting said read/write heads at the preselected posi 
tion with respect to said disc pack, and the temperature 
of said disc pack means for generating a second electri 
cal signal having a potential level proportional to the 
difference between a set reference temperature and ei 
ther said average temperature or said temperature of 
said air flow passing over one of the storage surfaces of 
said disc pack, and means for combining said electrical 
signals to provide a temperature compensation signal 
for regulating a position controller for said read/write 
heads to compensate for any differences between the 
location of said preselected position and positioning by 
said controller of said read/write heads which would 
occur if said compensation signal had not been pro 
vided. 


