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LOW FRICTION MAGNE] TIC RECORDING TAPE
Pleasant L. Cole, Washington, D. C., and James E. Kop-
perian, Jr., East Riverdale, Md., assignors fo ihe United
States of America as repreeenteu hy the Administrator
of the National Acerenauntics and Space Administration
~ Filed Apr. 25, 1951, Ser, Ne. 105,518
1 Claim. (C} 161—-189)

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the puy
mert of any royalties thereon or therefor.

The present invention relates to inagnetic recording
tape and more particularly to an improved low friction

"magnetic recording tape having characteristics of h;oh

fidelity and long wear.

Mechanical tape and wire recorders zre enjoying a
wide use in both commercial and domestic applications.
The majority of these recorders uiilize a long magnetic
tape which is stored on a supply reel mounted on a deck
of the recorder. The magnetic tape travels from the
supply ree! past the recording and/or play back trans-
cucer and is wound onto a take-up reel for storage afier
the information is either recorded or read from the mag-
netic tape. Recosrders of this type require a great deal
of manual nynipulation for positioning both ihe supply
and takeup reels and in threading the maguetic tape 50
that it will correctly travel between these two reels.

The application of magnetic récorders to store data
measured and observed by experimental satellites or deep

space probes is expected 1o increase manifold in the next

few vears. DBecause of the long transmission distances
and the limited power available for transmission of this
data, it is desirable to record the data as it oceurs for
later transmission to earihbound receiving stations. The
nature of the vehicle containing these recorders not only
requires that their operation be Lompktely automatic but
also places severe limitations on their size, weight, reli-
ability and power copsumption.

Recent developments in cartridge loaded recorders have
permitted autematic or semiautomatic operation of mag-
netic tape recorders for domestic as well as space applica-
tion. It has been found to be advantageous to utili
only a single reel in these cartridges which contai
cndless loop of mognetic tepe. The mugnetic fap
mounted on the reel of the cartridge in the form of a
spiral wound coil having concentric cylindrical coavols-
tions. The tape is removed from the innermost convolo-
tion of the spiral coil, travels past the transducers of the
recorder and is rerurned 1o ihe outermost convolution of
the cotl. The tape is thea wound through the successive
concentric cylindrical convolntions of the tape coil uniil
it again becomes the innermost convolution on the resl
Endless loops of tape mountcd as aforedescribed on
ele reel have been ada for use in conventiona
lity recorders ing ordeily storage and
smooth aperation the

Tape ir
as a driven
innermost convotion ¢
stantially constant I;ncar,spg_\ . is pulling sction, on
the innermost convoiution of the tape, causes shiding be-
iween adjacent conveiutions of the tape coil as the tape
zdvances on the reel. The friction produced betweesn
the adiacent convolutions of the endless tape coil pro-
duces a drag on the tape which rotates the reel so that
the endless tape will be fed to as well as from the reslL
Additional drive means may be provzded to help rotste
the reel when extremely large reels are used.
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Accuracy in recording fidelity demands that distortion,
such as “'wow,” or variations of the speed of the magnetic
carrier be reduced to a minimum. One difficalty in using
endless loop tapes mounted in a spiral form on a reel has
been that the friction that is normally produced between
successive convolutions of the endless tape causes uneven
tension and hence variations in the draw or drag of the
tape as it is pulled from the reel. The uneven tension
results in variations in the speed of the tape which intro--
duces inaccuracies and loss of recording fidelity.

Heretofore, graphite has been applied to one surface
of the magnsetic tape as a lubricant for the tape o reduce
the friction between adjdceni convolutions and to obtain

"a uniform drag as the ta 1pe is removed from a storage reel.

The graphite has been sprinkled or coated on the tape in
the form of a thin film deposited by various carrier fluids.
Graphite coatings, however, have proven unsatisfactory
especially for satellite use since, regardless of how the
coating has been bonded to the tape, the graphite has even-
tually rubbed off with ‘use producing large increases in
the friction of the tape and uneven tension as the tape is
drawn from the reel. These factors result in increased
loading on the tape {ransport causing $peed instability and,
consequently, deterioration of the recording guality. In
addition, it has been found that the accumulation of the
graphite rubbed off from the tape damages or at least
coats the recording and/or play back transducers of the
recorder to further diminish the recording quality., These
problems are extrpm;]y serious m SpdCP data recording, as
the inaccessibility of the recording mechanism for main-
tenance when the friciion has bcco*ne sufficiently high
causes the recorder to jam, stopping its operation.

The general purpose of the preseat invention is to pro-
vide an improved magnetic tape construction which em-
braces all the advantages of similarly emploved magnetic
tapes and possesses none of the aforedescribed disadvan-
tages. To obtain this, the invention contemplates utiliz-
ing the superior dry lubricating characteristics of a2 Auoro-
carbon plastic as an antifriction agent to provide a non-
deteriorating lubricant for high fidelity recording tapes.

An object of the present fuvention is to provide a mag-
netic tape which operates efficiently without maintenance
over long periods of time with a minimum amount of
surface friction and without the resuliing deterioration
of recording fidehty., °

A further object of the invention is to provide an
improved low friction magnetic recording tape especially
suitabe as an endless magnetic tape for use .with smde
reel recording devices.

Another object of the instant invention is the provi-
sion of an impreved moagneric recording tape, the pro-
longed use of which will not damage the transducer ele-
ments of a fape v corder.

Ancther object of this invention is fo pmwde an ime-
proved extremely reliable magnetic recording carrier
e\;:ewjiy suitable for applications where maintenance
Is impracticatle, such as, for example. in space experi-
menis.

Other objects and advant
ereinafier become more fu

i

the invention will
«pp:zse;:i from the fol-
ing description of the annexed drawings, which #llus-
trate a preferred embodiment, and mhﬂ:em‘
FIG. 1 s a diagrammatic pian view of a typical k}cp
type recorder device to which the mw‘mmn is parﬂcu}aﬁ
iy adaptable;

=
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1G. 2 represents a cross
bodiment -of the instant mveqnon‘

FIG. 3°Is a broken a away perspective view of a mag-
vetic tape reel illustrating the reduced friction ohiain-
able from: practicing of the instant invention; and
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FiIG. 4isa (3 ingrammiatic view in elevation illusirating
one smtabxc process for bonding the lubricant material
to the magnetic recording carrier. i

Referring now {o FIG. 1, the recording device gen-
erally incicated at 168 has mounted on the upper deck
thereof recording and/or playback transducer 12 en-
baging an endiess m'}gneh\, recording tape 14. The tape
14 is arranged fo form convolutions upon itself within
reel 16 as will be further descnibed hereinafter, A suit-
able motor (not shown) drives capstan 18 which with
idler rolier 22 moves the magnetic tape past the {rans-
ducer 12 so that informational items can be recorded
on the magnetic tape or read out therefrom in a con-
ventional fashion. Data may be stored on the tape and
when desired, as for example, on receipt of a command
signal, the transducer 12 is activated to extract the re-
corded information from the magnetic tape. - A pres-
sure pad 208 is provided to position the magnetic tape
relative to the transducer head 12, The singlé trans-
ducer 12 may be used o either record or play back
recorded information as is well known in the art, or
additional transducers may be provided, such as, separate
record and read out heads and an erase head.

In operation, the driven capstant 18 and idler roller
Z2 frictionally engage the tape 14 to pull the innermost
convolation of the tape from reel 16 past the recording/
playback transducer 12. The drag or draw of the tape
causes recl 18 to rotate and to rewind the tape in a spiral
fashion back on the reel. The tape is continuously pulled
from the rotaling fee! in this manner and advances
through the successive convolutions of the coil until it
again becomes the innermost coavelution on the reel,

In FiG. 2 there is illustrated an embodiment of the
present invention which consists of a flexible nonmag-
netic base or ribbon 24 which has aftached to one sur-
face thereof 3 magnetic materizl 26, such as iron oxide
particles or the like. The magnetic particles may be
bonded or adherently attached by an adhbesive 23 to one
side of the nsbon 24 ip any suitable muanner as, for ex-
ample, deseribed in U.S. Patent No, 2,607,710, 1>sucd on
Avgust 19, 1852, The ribbon may consist of celllose
nitrate, ceiluiose acetate, cellulose butiyrate,  polyvinyl
chloride or the like. On the opposite surface of the rib-
bon there is bonded by an adhesive 28, or otherwise suit-
ably attached, an inert plastic vanoudv known as flaoro-
thenes, fBuorocarbons and fluorochemical plastics in the
form of a fim 30 to provide a continuous uniform Iubri-
cant backing for the ribbun.

For high fidelity appHention, such as required by space
ﬁxpenmc,m. the ribbon 24 of the preferred embodiment
comprises a sirip of polvethyiene tercphthalate, sold
under the iradensark Mylar, which is oriented by streich-
ing in two sebstantially perpendicular direclions and has
molecular weight sufficiently high to show a character-
istic crystal Xeray diffraction pattern. when stretched.
The Muylar ribbon or base may be, for example, one
quarter of an inch wide and 0.5 mil thick with a magnetic
coating of an iron oxide compound 0.5 mil thick adher-
ently bonded to one side of the Mylar ribbon. The lnbri-
cant film comprises a 1.0 mil film of polyetetrafluoro-
ethylene presently sold under the trademark Teflon.
Somewhat thicker or thinuer Lsgon fubricant films may
be used i1 =d.. However, the 1.0 mil thickness will
aclory resulis.
sf, the process of bonding tain synihetic
resins having 2 high fluerine content, such as @owiefra-
ﬁuorethwem \Tezmn;, to itself or to other materials has
presented many problems. These 1Jroblefvxs arise since
the aforementioned resins have a relstively low coeffi-
cient of friction, high thermal stability and bigh resistance
fo wetting by water, cements, a;heswe and solvents,
Processes and cements have been developed $o adhere a
film of finorine containing synthetic resin to itself or
‘1o other materials which include treatment of the sur-

face of these synthelic resins before the adhesive or ce-
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ment is appied. The U.S, Patent MNos, 2,809,130, issued
on October 8, 1957, to G. Rappaport; 2,824,026, issued:
on February 8, 1958, to H. N, Homeyer et a], and
2,545,773, issued on July 9, 1960, to A, Panagrossi et al.,
disclose processes and adhesives for beundinz fluorine
containing synthetic ‘resins wherein the surface of the
resin is treated before -the bonding adhesive is applied.
The process and adhesives disclosed in these patents may.
be adapted to form the bond between the polye(hv}ene
terephthaiate arid the poly tetrafluorcethylene in the Jam-
inate of FIG. 2.

A variety of other processes and adhesives are also
available which may be used to form the bond between
the Teflon and Mylar of the improved magnetic tape dis-
closed herein. Some of these adhesives are more readily
adapied in the bonding process for making the laminate

- of the preferred embodiment of the instant invention as

20

30

40

>
ot

=11
(1)

they do not require pretreatment of the surface of the
polytetraflucrothylene film. One such suitable adhesive
is a modified polyester cement with cross linking agents, »
such as Du Pont Cement No. 46960.

In FIG. 3 the spiral convelutions of the improved tape
32 can be secen arranged on reel 36 with one portion of
ihe tape leading away from the innermost convolution
toward the transducer and another portion returning from
the transducer to become the outermost convolution, It
will be noted that each convolution 34 of the endless tape
rubs against the two adjacent convolutions in proceeding
along its route through the reel 38,

By means of the fieorocarbon ynsuc or Teflon back-
ing 30 of the nonmagnetic surface of the tape ribbon 24,

a permanent, coniinuous, nendeteriorating 1ubncatmg
surface is provided which sufficiently Iubricates the ad-
jacent convolutions of the tepe to rermit a low uniform
drag as the {ape is removed from and wound onto the
reel. Thus, the speed erauidmv 5o detrimental to high
fidelity r«,uo;dmg is climinated. In addition, as the Teflon
back,na s permanently bonded to the tape ribbon 24, as
by adhesive or other svitable means, no accumu!ahon of .
harmful deposits of this lubricating element w iil contami-
nate the transducers of the recorder mechanisms. The
end result is a higher quality recording for much greater
lengths of time, than is possible with ccm'cqhonally lubri-
cated magnetic recording tapes,,

One suitablé process for binding a Teflon film to the
magnetic carrier Mylar ribbon is depicted in FIG. 4.- A
sheet or strip 40 of Mylar having a uniforma width and
thickness is drawn from a supply roll 38. A storage con-
tainer 42 supplies an adhesive 43, such as the aforemen-
tiened D Pont Cement No. Jh%O in a Jow viscosity lig-

uid form to roller 41, The adhesive 43 is rolled onto the
ribbon 46 and is dried as it moves past a heat lamp 44,
A sapply roll 46 provides a strip or film of Teflon 47,
having a uniform thickness and of approximately Lhe
same width as the Myla: rip 40, to the adhesively coated
surface of the Mylar sitip 48, The Tefion film 47 is
app‘wu in an aligned manper over the adlesive layer and
is firmly secured to this surface of the Mylar sirip by
pressure rollers 43 to form a lubricant coating for a
surface of the Mylar strip.  The Wylar-Teflon laminate
49 is then stojed by the supply roll S{}, Suitable drive
meaus are provided for o g each of the rollers and
supply rolls as required. E‘*smaé of sforing the laminate
4% as shown in FiG. 4 process may inchide all the
steps pecessary 1o a e %?.ze magnetic costing to the
Mylar surface of the izminate 49 before the larninate is
stored.  Any one of a number of well known processes
for applying a magnetic coating to the surface of a mag-
netic carrier Tibbon ‘may be uvsed herein to provide the
maghetic ting fer the Mylar the :
nale 49.

Processes, oiher ‘than i’*n aforedescribed, may be uti-
lized 1o construct the taminate of FIG, 2. Such processes
may-be of the type whereir a fluorine containing syn-
thetic resin which has the n:x,essary 1ubnc,um properiies

surface of lamni-




~ than that usua My found in audio tapes.
such a magnetic coating is described in U.S. Patent No.-

.

‘1s applied as a coating to a magnetic ribbor or carrier o

form a lubricant backing for the ribbon.  The process
described by FIG. 4 is merely illustrative of a method
which has been used successfully to provide a Teflon back-
ing for the Mylar carrier used in the construction of the

-preferred embodiment of this invention.
2~ +TFo further reduce-the frictionz] problem that is asso~'
- ciated with an endless iape single reel recorder, the
S “magrietic coating :
““of a type that is used with high quality digital or video
““magnetic tape recorders.

applied to the ribbon or base may be

These magnetic coatings pre-
sent a fairly hard surface and lower coeflicient of friction
An example of

2,819,186, issued fo Ernest W. Franck on January 7, 1938,
The use of this type of magnetic coating will further
reduce the frictional drag of the magnetic tape and pro-
duce a more uniform draw as the tape is wound onto
and unwound from the single storage reel of the recorder.

Various modifications are contemplated and may ob-
viously be resorted to by those skilled in the art with-
out departing from the spirit and scope of the invention,
as hereinafter defined by appendant claim, as only a pre-
ferred embodiment thereof has been disclosed.

What is claimed is:

A Jow friction maguoetic recording tape for use in an

orbiting space vehicie provided with an endiess loop mag- )

netic tape recording mechanism comprising:

[
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a ribbon fape of polyethylene ferephthalate, said tape
being 0.5 mil thick, :

a magnefic coating of iron oxide cormpound bonded to
one surface of said tape, said coating having a thick-
ness of €.5 mil,

a continuous film of -poly tetrafluoroethylene bonded
fo the other surface of said tape, sa,d film having. a
uniform thickness of 1.0 mil,

witereby adjacen® convolutions of said tape are
separated from each other by a_lubricating film to

reduce friction in tape feed and thereby permit pro-
]on%d use without maintenance.
‘ References Cited by the Exarﬁiner
UNITED STATES PATENTS
2,778,637 1/1957 Eash.
2,804,401 8/1957 Cousin.
2,809,130 10/1957 Rappaport. -
2,862,845 12/1958 Szegvari oo __ 154—53.6
2,975,484  3/1961 Amborski.
2,998,840  $/1961 Davis.
3,030,248  4/1962 Runten .. __.____ 154—43
FOREIGN PATENTS
556,760  4/1958 Canada.

" EARL M. BERGERT, Primary Examiner.

1. P. MELOCHE, Assistant Examiner.




