
TAPE DRIVE MEMBER AND MANUFACTURING METHOD FOR THE SAME 5 The present
invention relates to a tape drive member suitably adapted as a capstan of,
for example, a tape recorder and to a manufacturing method for the same,
and more particularly, to a tape drive member 10   which is capable of
driving a tape in a stable and reliable manner. Background Art As is well
known, a capstan of a tape recorder as an example of a tape drive member.is
supported in the 15    manner shown in Fig. 1.  Referring to Fig. 1,
reference numeral 11 denotes a main chassis of a tape recorder which has a
through-hole 111, formed at a predetermined position thereof, through which
extends a support cylinder 12. A flange 121 is formed substantially 20
midway along the support cylinder 12.  Screws 13 are. respectively inserted
into through-holes 122 and threadably engage with screw holes 112 formed in
the main chassis 11. In this manner, the support cylinder 12 is fixed onto
the main chassis 11. 25         A capstan 14 extends through the support
cylinder 12. The capstan 14 rotates with a flywheel since its lower portion
is inserted and fixed in a through-hole   



-2- 151 formed at the center of rotation of the flywheel 15. The capstan 14
is supported by support members 16 and 17 which are arranged at the upper
and lower ends, respectively, of the support cylinder 12 so that the 5
capstan 14 may rotate smoothly without jolting.  The lower end of the
capstan 14 is in contact with a bearing 19 of a subchassis 18 which is
arranged substantially parallel to the main chassis 11. The flywheel 15 is
coupled through a belt 20 to a motor (not shown) to be 10    driven
thereby. A pinch roller 22 is urged against the upper portion (Fig. 1) of
the capstan 14 in putting a tape 21 there- between. The pinch roller 22 is
rotatably mounted through a support member 26 on a shaft 24 extending from
a slider 15    23 which is slidable in the directions indicated by arrows A
and B in synchronism with the operation of a tape contstant speed drive
member (not shown). In the tape drive stop state, the rotational force of
the motor as described above is transmitted to the flywheel 20    15 and
the capstan 14, which rotate stably.  However, since the slider 23 has been
moved in the direction indicated by arrow B and the pinch roller 22 is
separated from the capstan 14, the tape 21 is not driven. When the tape
constant speed drive member is operated in the 25    tape drive state, the
slider 23 is synchronously slid 



in the direction indicated by arrow A. Then, the pinch roller 24 is urged
against the rotating capstan 14    -3- in sutting the tape 21 therebetween,
as shown enlarged in Figs. 2(a) and 2(b), and the tape 21 is driven. The
driving force F for driving the tape 21 by the capstan 14 may be
approximately given by the following 5    equation: [err] where [err] is
the friction coefficient between the tape 21 and the pinch roller 22; [err]
is the friction coefficient between the tape 10    21 and the capstan 14;
and P is the pinching force acting on the tape 21 It may be seen from this
equation that, if the pinching force P remains constant, the friction
coefficients [err] and [err] must be increased in order to obtain a greater
15    driving force F, thereby driving the tape 21 in a stable and reliable
manner. Meanwhile, the portion of the capstan 14 which is supported by the
support cylinder 12 through the support members 16 and 17 preferably cause
low friction to ensure 20    smooth rotation.  On the other hand, the tape
driving portion of the capstan 14 to which the pinch roller 22 is 



urged must have a high friction coefficient. For this reason, a
conventional capstan 14 is made of stainless steel which is ternary alloy
of iron 25    (Fe), chrome (Cr) and nickel (Ni) as major components to have
a smooth surface with a small friction coefficient. The tape driving
portion of the capstan 14    -4- which will be brought into contact with
the tape 21 is treated by sand blasting or the like.  According to the sand
blasting treatment, fine hard particles (e.g. of a ceramic) are collided at
high speed against the 5    tape driving portion of the capstan 14 so as to
abrade the tape driving portion to a rough surface 26 as shown in Fig. 3.
When the pinch roller 22 is urged against the rough surfaced tape driving
portion 26 of the capstan 14 in putting the tape 21 therebetween, the 10
friction coefficient [err] between the tape 21 and the pinch roller 22 and
the friction coefficient [err] between the tape 21 and the capstan 14 are
increased, so that a greater driving force F is obtained. However, the
conventional tape drive member and 15    the method for manufacturing the
same as described above are subject to drawbacks to be described below. The
surface of the capstan 14 which has been treated by 



sand blasting has fine cracks or distortion as seen in the microphotograph
(1,000 magnification) shown in 20    Fig. 5.  Therefore, the cracked or
distorted part of the capstan 14 becomes worn down by the tape 21 with
frequency of use.  Then, the driving force F is weakened, and the initial
performance cannot be maintained for a prolonged period of time, resulting
in poor durability. 25    The respective components of iron, chrome and
nichel as described above are randomly exposed to the surface of the
capstan which was treated by sand blasting. Since    5 iron is softer than
chrome, nichel or the like, it is worn out more quickly upon contact with
tape 21, also resulting in poor durability. As described above, fine hard
particles are collided against the tape drive 5  portion of the capstan 14.
Therefore, as shown in Fig.3, the diameter of the rough surface portion 26
of the capstan 14 which has been subjected to sand blasting is smaller than
the remaining portion of the capstan 14 which was not subjected to sand
blasting. Consequently, 10 the rough surface portion 26 becomes eccentric
with respect to the axis of the remaining portion of the capstan 14. The
present invention has been made in consideration 



of the above-mentioned drawbacks and has for its object 15  to provide a
tape drive member which is capable of driving a tape in a stable and
reliable manner and which is excellent in durability, and to a method for
manufacturing the same. According to one aspect of the present invention 20
there is provided a tape drive member consisting of an alloy of a soft
metal material and a hard metal material, an outer surface portion of the
tape drive member having been chemically activated causing reaction with an
acid thereby removing mainly said soft metal 25 material and roughening
said outer surface portion.    6 Such a tape drive member may have a rough
surface portion devoid of fine cracks and distortion around it. According
to another aspect of the present invention, there is provided a method for
manufacturing 5  a tape drive member consisting of an alloy of a soft metal
material and a hard metal material, including chemically activating an
outer surface portion of said tape drive member causing reaction with an
acid to remove mainly said soft metal material of the outer 10  surface
portion, thereby roughening the outer surface portion. 



An embodiment of the invention will now be described with reference to the
accompanying drawings of which:- Figs. 1, 2(a) and 2(b) are a side
sectional view, a 15 top view and a side view, respectively, showing the
mounting state of a capstan and the mode of operation thereof; Figs. 3 and
4 are an enlarged side view and an enlarged top view, respectively, showing
a conventional 20 capstan; Fig. 5 is a microphotograph of a conventional
capstan; Figs. 6 and 7 are a side view and a top view, respectively,
showing a tape drive member and a method 25 for manufacturing the same;
6a Figs. 8 and 9 are a side view and a characteristic graph, respectively,
showing the positional relationship and component ratio of iron, chrome and
nichel at the surface of the capstan after being subjected to a 5
polishing finish; Fig. 10 is a side view showing the positional
relationship between iron, chrome and nichel at the surface of the capstan
after being chemically treated; Figs. 11 to 14 are respectively views
showing the 



10 steps of the chemical treatment described above; Fig. 15 is a
microphotograph showing the surface of the capstant after the chemical
treatment; and Fig. 16 is a characteristic graph showing the component
ratio of iron and chrome after the chemical 15 treatment. Referring to
Figs. 6 and 7, the same reference numerals as in Figs. 3 and 4 denote the
same parts.  The capstan 14 is made of a soft metal material such as iron
(Fe) and hard metal materials such as chrome (Cr) and 20  nickel (Ni).  The
tape drive part of the capstan 14 which will be brought into contact with
the tape 21 is roughened by, for example, sand blasting, and is then
mechanically polished to form a rough surface portion 27 devoid of fine
cracks and distortion, the axis of the 25    6b rough surface portion 27
being in alignment with the rotating axis of the capstan 14. As shown
enlarged in Fig. 7, with the capstan 14 described above, the friction
coefficient [err] between 5  the tape 21 and the pinch roller 22 and the
friction coefficient [err] between the tape 21 and the capstan 14 may be
made great provided that the pinch roller 22 is 



urged against the capstan 14 in putting the tape 21 therebetween.   As a
result, a greater tape driving 10  force F may be obtained, and fine cracks
and distortion may be prevented.   Therefore, even if the capstan 14 is
used for a long period of time, the initial driving force may be maintained
and the durability may be improved. 15    If the soft metal material such
as iron is located in the recessed portion of the roughened surface portion
27, and the hard metal materials such as chrome and nichel are located at
the projecting portion thereof, 5    the tape drive portion of the capstan
14 which will be brought into direct contact with the tape 21 may be
entirely made of the hard metal materials, resulting in still better
durability. A method for locating iron in the recessed portion 10    of the
rough surface portion 27 and chrome and nichel at the projecting portion
thereof will now be described. According to this method, the surface of the
tape drive portion of the capstan 14 is subjected to sand blasting and a
polishing finish as described above, and is 15    chemically activated to
cause reaction with an acid and to dissolve mainly the iron component. More
specifi- 



cally, in the surface of the tape drive portion of the capstan 14, after it
is subjected to sand blasting and a polishing finish, iron (Fe), chrome
(Cr) and nickel (Ni) 20    are randomly exposed, as shown in Fig. 8.  The
ratio of the iron to chrome components per unit area in this condition is
as shown in Fig. 9. Fig. 9 shows the ratio of iron and chrome components as
analyzed by an X-ray microanalyzer.  It is seen from Fig. 9 that the iron
25    content is significantly greater than the chrome content. When the
surface of the capstan 14 under this    -.8 - condition is chemically
activated to cause reaction with an acid and to dissolve the iron
component, iron remains only in the recessed parts of the roughened surface
portion 27 of the capstan 14 while the chrome and 5    nichel components
remain on the projecting parts thereof, as shown in Fig. 10. A method for
chemically treating the surface of the capstan 14 will now be described.
The capstan 14 which is subjected to sand blasting and a polishing 10
finish is chemically treated in the order shown below: 1. Degreasing The
capstan 14 is cleaned with trichlene to remove 



oil contents. 2.  Masking 15         (1)  As shown in Fig. 11, the capstan
14 is immersed in a masking solution (vinyl acetate) 28 to a point just
below the rough surface part 27 and is taken out therefrom. (2) As shown in
Fig. 12, the capstan 14 is inserted 20    into a through hole 291 of a
masking jig 29 from the side which has been immersed in the masking
solution 28 until it reaches a stopper 30 and is then pulled out while
slowly rotating it. (3) The pulled capstan 14 is inserted into a 25
through hole 311 of a drying jig 31, as shown in Fig. 13. 3. Drying The
capstan 14 is dried until it may not be dropped    -9- even if the drying
jig 31 is supported up side down. 4.  Chemical Porous Etching (CPE) After
drying, the rough surface part 27 of the capstan 14 is immersed in a C.P.L.
(Chemical Polishing 5    Liquid; trade name) which is a typical example of
a hydrogen flyoride solution 32 to dissolve the iron component for 2 to 3
minutes, as shown in Fig. 14. 5. Rinsing with Water 



6.  Neutralization 10         After rinsing with water, the capstan 14 is
immersed in a sodium carbonate solution for about 1 to 2 minutes for
neutralization. Sodium carbonate (5 to 10 gr/[err]). 7. Rinsing with Water
8. Treatment with Chromic Acid 15         The part of the canstan 14
treated with CPL is immersed in a sodium dichromate solution (10 gr/[err])
at room temperature for one minute. 9. Rinsing with Water 10. Removal of
Masking 20         The capstan 14 is pulled out of the drying jig 31 and
the masking is removed with ethyl alcohol. 11. Drying After the chemical
treatment as described above, the surface of the capstan 14 becomes as
shown in a 25    photograph (1,000 magnification) in Fig. 15.  The ratio of
iron to chrome components is significantly decreased from that shown in
Fig. 9 as seen in X-ray microanalyzer    10 test results shown in Fig. 16.
In the embodiment described above, the tape drive member is the capstan 14.
However, the tape drive member may be guiding members such as a tape guide 



5  roller. The present invention is not limited to the embodiment described
above, and various changes may be made within the scope of the present
invention. In summary, the present invention provides a tape 10 drive
member which is capable of driving a tape in a stable and reliable manner
and which is excellent in durability, and a method for manufacturing the
same.    11 CLAIMS 1. A tape drive member consisting of an alloy of a soft
metal material and a hard metal material, an outer surface portion of the
tape drive member having been chemically activated causing reaction with an
acid 5  thereby removing mainly said soft metal material and roughening
said outer surface portion. 2. A tape drive member according to claim 1.
wherein the outer surface portion which is roughened contains said hard
metal material in a higher.ratio than at any 10  other portions thereof. 3.
A tape drive member according to claim 1 or 2. wherein a projecting portion
of the outer surface portion which is roughened contains said hard metal
material. 



15 4.  A tape drive member according to claim 1, 2 or 3. wherein said alloy
is an alloy containing iron, chrome and nickel as major components. 5.  A
method for manufacturing a tape drive member consisting of an alloy of a
soft metal material and a 20 hard metal material, including chemically
activating an outer surface portion of said tape drive member causing
reaction with an acid to remove mainly said soft metal material of the
outer surface portion, thereby roughening the outer surface portion. 25
6. A method according to claim 5. wherein said tape drive member consists
of an alloy of iron, chrome-and nickel as major components. 7. A tape drive
member as claimed in claim 1 and 5  substantially as hereinbefore described
with reference to Figures 6 to 16 of the accompanying drawings. 8. A method
of manufacturing a tape drive member as claimed in claim 5 and
substantially as hereinbefore described with reference to Figures 6 to 16
of the 10 accompanying drawings.    


