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[57} : ABSTRACT

An advance mechanism for a web of flexible strip
material utilizes a flexible, transparent carrier belt
having a web receiving channel: therein. The web is
trapped in the channel and is supported by the belt as
it is moved thereby through the transducer area. A cir-
cuit for controlling the belt advance, and thereby the
web advance, includes a differential optical detector
for observing the position of a reference mark on the
web after the web has been advanced. Deviation from
the desired position of the mark causes the generation
of an error signal which in one embodiment actuates
the advance mechanism to correct -the error. In
another embodiment, the error signal is used to cause
the following advance step to be either greater or’
lesser than normal depending upon the direction of
deviation.

11 Claims, 6 Drawing Figures
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DEVICE FOR ADVANCING A WEB OF FLEXIBLE
STRIP MATERIAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

Our invention relates to a device for advancing a web
of strip material, and more particularly to such a device
for use with sprocketless ultra-thin webs.

2. Description of the Prior Art

In film motion picture projectors, it is customary
practice to drive, or advance, the film by suitably
~ driven sprocket wheels and/or an intermittently opera-
tive film claw, perforations being provided in one or
both edges of the film which are engaged by the
sprocket teeth and/or claw. While these types of ad-
vance mechanisms obviously have been generally suc-
cessful, nonetheless, they have involved certain in-
herent disadvantages. For example, the perforations in
the film tend to weaken the material and render it liable
to tearing; shrinkage of the film renders accurate pro-
jection difficult and, in the instance of sound picture
film, distortion is apt to arise from sprocket hole modu-
lation and film slippage during printing of the sound
track. Of course, these difficulties are greatly mul-
tiplied when ultra-thin film or tape is being used (in en-
suing description the terms “film” and “‘tape’ are used
interchangeably and the term “web” is used generically
thereto).

As a move toward alleviation of difficulties of the na-
ture just referred to involved in the use of sprocket
wheel drive mechanisms, so-called “‘sprocketless’ or
“non-perforated” film or tape is now being used in in-
creasing quantity. Much of this material is of an ultra-
thin nature and in such instance, of course, provision of
sprocket perforations in the edges of the web would be
largely impractical. Various means for advancing, or
driving, the sprocketless webs have been proposed, one
general type of which involves the use of a driving belt
which engages the film and moves it by frictional con-
tact. For example, U.S. Pat. No. 3,145,893 issued Aug.
25, 1964, to R. S. Anderson discloses an arrangement
whereby magnetic tape is driven past the recording
heads by frictional engagement with a driven belt.
Again, U.S. Pat. No. 1,579,953 issued Apr. 6, 1926, to
P. Roble discloses an arrangement whereby sprocket-
less film is advanced by a series of three continuous
belts. However, neither of these patents nor any other
prior disclosure with which applicants are cognizant
disclose an arrangement suitable for moving an ul-
trathin film past a camera aperture or past the area of
an optical transducer.

SUMMARY OF THE INVENTION

Accordingly, it is an object of our invention to
facilitate and improve the movement of non-perforated
film or tape.

Another object of our invention is to move an non-
perforated web through an optical station.

Still another object of our invention is to support and
protect ultra-thin film or tape while it is being moved
through an optical station.

In accordance with a preferred embodiment of our
invention, a flexible transparent film carrier belt is pro-
vided which has a film receiving channel therein. A
non-perforated ultra-thin web is snugly positioned in
the channel, and as the belt is moved by a drive motor,
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2

the web is carried by the belt through the optical sta-
tion after which it is fed to a take-up roll. The thin web
is protected by the belt during its movement, but, since
the belt is transparent, passage of light through the web
is not restricted. A control system for the drive motor
intermittently advances the belt by the nominal inter-
frame spacing and adjusts the distance of advancement
when necessary.

Accordingly, a feature of the present invention is a
transparent drive belt for photographic film. Another
feature of the invention is means for protecting the tape
or film as it is being moved. A still further feature of the
invention is a control system for the driving means
whereby toeffect exact positioning of the web by a sin-
gle incremental advance.

The invention, and its objects and advantages, will
become more apparent in the detailed description of
the preferred embodiment presented below.

BRIEF DESCRIPTION OF THE DRAWING

In the detailed description of the preferred embodi-
ment of the invention presented below, reference is
made to the accompanying drawing, in which:

FIG. 1 is a schematic view of a web advancing
mechanism;

FIG. 2 is an enlarged pictorial view of the drive
roller, belt and web of FIG. 1 showing particularly the
relationship between the: web ‘and the advancing
mechanism; :

FIG. 3 is'a block schematic of one embodiment of
the drive control system;

FIG. 4 is a plot of the time-velocity relationship of
the web movement controlled by the system of FIG. 3;

FIG. 5 is a block schematic of another embodiment
of the drive control system; and

FIG. 6 is a plot of the time-velocity relationship of
the web movement controlled by the system of FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawing, and first to FIG. 1,
there is shown an arrangement for moving an elongated
web of flexible strip material 11 such as ultra-thin film
or tape past an optical station represented by a light
source 12 and an optical pick-up 13. The arrangement
shown is as contemplated by a specific illustrative em-
bodiment of the invention; it being understood that.in
the event the specific application is that of a motion
picture film projector, a film gate of usual construction
will ordinarily be provided as a part of the optical sta-
tion. In the embodiment shown, a supply of strip
material 11 is contained in a cassette 14 of suitable ar-
rangement; lateral position control of the cassette may
be provided to assure proper alignment of the web. -
Web 11 may be provided at its free end with a relatively
thick leader portion (not shown) for facilitating thread-
ing and to assure proper initial alignment of the web.

A drive roller 17 is intermittently driven by a torque .
motor 18 in a manner hereinafter described in detail
with particular reference to FIG. 3. A flexible belt 21 of
suitable transparent material is guided about drive
roller 17 and a companion following roller 22; thus, as
roller 17 is driven by motor 18, roller 22is driven in the
same direction by virtue of the belt connection. While
rollers 17 and 22 are normally driven in a counter-
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clockwise direction as indicated by the arrows shown
thereon, the rollers may be also rotated very short
distances in a clockwise direction on occasion for posi-
tion correcting purposes.

It will be noted that a foliower roller 23 is positioned
in frictional contact with belt 21 as it passes around
roller 22 whereby roller 23 is driven in a direction op-
posite to that of roller 22. Roller 23 serves to guide web
11 along the projection path and also presses the web
between the upstanding shoulders of belt 21 to ensure
positive drive of the web by the belt and to locate the
web in the proper plane. Similarly, a take-up device
such as roll 24, which may be of the type shown in U.S.
Pat. No. 3,370,803 to C. W. Newell or a conventional
reel, is positioned in frictional contact with belt 21 as it
passes around drive roller 17 whereby roll 24 is driven
in a direction opposite to that of roller 17. Take-up roll
24 is rotatably supported on a pivoted arm 27 which is
biased in a clockwise direction by a spring 28. The roll
may be linearly movable as shown in the Newell patent.

Guide and protective members 41, 42, and 43 are
provided for web 11 as it is moved from supply cassette
14 to position for engagement with transparent belt 21.
Similar guarding members 44 and 47 are provided in
the area of respective rollers 22 and 17.

As web 11 is taken from supply cassette 14, it is
passed around a loop former 48 which is rotatably sup-
ported on a pivoted arm 51; the assembly being
balanced by a spring 52 so that the roller, in effect, has
a very small mass with respect to the tape. The free end
of web 11, preferably provided with a relatively thick
leader portion as pointed herein before, is positioned in
the web receiving channel of belt 21 just before the
point of engagement between the belt and following
roller 23. As shown particularly in FIG. 2, web 11 is
snugly engaged in the receiving channel provided in
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transparent belt 21 and, as the belt is advanced inter-

mittently by torque motor 18, web 11 is cor-
respondingly advanced in intermittent steps.

Assuming that web 11 is a motion picture film, when
a particular frame reaches the optical station and has
been properly centered therein, light from source 12
will be passed through the film either for activation of
transducer 13 or for projection. The passage of light
through the film is for all practical purposes un-
restricted by the presence of the belt 21 since the belt is
formed of a transparent material. At the same time,
however, the belt is effective not only as a positive driv-
ing means for the thin fragile web but also as a protec-
tive means for the web particularly as it passes through
the optical station. As clearly shown in FIG. 2, the side
ridges which define the web receiving channel of belt
21 extend sufficiently to fully encompass the thickness
of the web and to adequately protect it during its ad-
vancement. The small varying pressure exerted against
web 11 by loop former 48 is effective to compensate
for changes in acceleration of the tape produced by the
driving rollers.

Referring now for the moment to FIG. 3, it will be as-
sumed again that web 11 is motion picture film which is
provided with spaced frames, as frames 57, §8 and 71,
and that the film is to be advanced in intermittent steps
so that each frame is successively centered in the opti-
cal station. A dual mode servo control as shown in FIG.
3 accomplishes this advance in a manner described
below.
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The starting mode of the servo control, that is, Mode
I is open loop. A clock 72, of conventional type, sup-
plies control signals at predetermined intervals cor-
responding to the desired frame rate. For example, as-
suming that the desired rate of film movement is 20
frame per second, then clock 72 may send control
signals at a rate of 20 per second. When the first con-
trol signal is emitted by clock 72, this signal .is trans-
mitted directly to a wave form generator 73. (As just
stated, the servo control is operating in Mode I wherein
transmission of the actuating signal to an optical detec-
tor 74 is delayed by a delay device 77.) Wave form
generator 73, activated by the control signal from clock
72, supplies a voltage wave to an amplifier 78; after am-
plification, the voltage wave is applied to torque motor
18 (see also FIG. 1) to cause the motor to rotate drive
roller 17 and advance belt 21 and film 11 sufficiently to
bring the next succeeding frame into registry with, or
substantially in registry with, the optical station.

The velocity profile for Mode I belt advance is
represented by the curve of FIG. 4 and it will be ob-
served that the velocity of the belt movement gradually
builds up to Vmax. and then it gradually drops to zero;
the velocity profile is chosen to minimize film stress
and acoustical noise. For a typical drive mechanism,
the maximum velocity Vmax. would be so chosen that
Mode I advance will take place in about 5 milliseconds;
the total advance for each clock signal during this
mode is intended to be equal to the nominal inter-
frame spacing.

Now after an interval determined by the charac-
teristics of delay device 77, the control signal previ-
ously emitted by clock 72 is applied to optical detector
74 and the positioning servo goes into Mode 11, a closed
loop mode.

It will be observed that film 11 is provided with a
reference mark for each frame, such as reference mark
81 for frame 57, reference mark 82 for frame 58, and
reference mark 83 for frame 71. As the delay pulse
from clock 72 is now applied to optical detector 74 for
activation thereof, the optical detector acts to sense the
deviation, if any, of the respective reference mark, for
example reference mark 82, from the position prevail-
ing when the respective frame is properly centered in
the optical station; assuming proper operation of the
servo in Mode I, the deviation indicated, if any, will be
only minute.

In the event a deviation form proper centering posi-
tion is detected by optical dector 74, an error signal will
be transmitted to control circuit 84 will respond to the
error signal by transmitting a pulse to amplifier 78 of
proper duration whereby torque motor 18 will be
driven by amplifier 78 the exact distance required for
the desired vernier adjustment of belt 21 and the film
11 carried thereby. During the adjustment of the film
position, proper tension will be maintained therein by
action of looper roller 48; the buffer action of this
roller assembly, having a small applied mass, is effec-
tive in avoiding any sudden stresses in the tape so that
starting and stopping effects are not critical and ac-
celerations can be greater than would otherwise be per-
missible.

It will be obvious that the novel arrangement of a
driving belt of transparent material permits use of the
web in an optical system where unrestricted passage of
light through the web at the optical station is necessary.
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The web is essentially supported at all points in the
drive portion of the advance system and acceleration
and/or speed reduction at very high rates is feasible
even with ultra-thin film. Since the web is protected by
the shoulders provided at the edges of the belt, that is,
the shoulders which define the web receiving channel,
the web is kept free of the effect of the usual wear
producing forces such as contact with the projection
gate.

It will be understood that the belt may be driven con-
tinuously, other than intermittently as disclosed, if
suitable modifications are made in the optical station.
Also, the spring loaded take-up roll may be replaced by
a following roller and the take-up reel isolated from the
advance mechanism.

Referring now to FIG. 5, another embodiment of a
servo circuit is shown for control of torque motor 18
which operates belt 21 for advancing web 11 in inter-
mittent steps.

Due to the inclusion of a delay device 90 in a leg of
the control circuit, the circuit, in effect, operates in two
modes. Mode I being open loop and Mode II being
closed loop. A clock 91 transmits control signals at a
predetermined fixed rate depending upon the desired
rate of frame advance. For example, assuming that it is
desired that the film be advanced at a rate of 20 frames
per second, clock 91 will then be adjusted to transmit
control signals at a rate of 20 per second.

At the start of a first mode, a control signal trans-
mitted by clock 91 activates a wave form generator 92
which, in turn, is operated to transmit a wave form to
an amplifier 93. Drive motor 18 is operated by the out-
put from amplifier 93 at a predetermined rate and time
intended to advance film 21 exactly one frame.

Referring for the moment to FIG. 6, the solid line
curve A represents the intended advance rate of the
web, and it will be noted that the velocity of web move-
ment builds up gradually to Vmax. and then gradually
drops off to zero. The velocity profile is chosen to
minimize film stress and acoustical noise. For a typical
drive mechanism, the maximum velocity, Vmax., may
be so chosen that the advance step will take place in
about 5 milliseconds.

As the control signal, delayed by device 90, is sub-
sequently applied to a differential optical detector 94
for initiation of Mode Il operation, the optical detector

. is activated to sense the position of a respective
reference mark, such as marks 95, 96 and 97, on film
21. The sensed position of a mark will indicate whether
the associated frame 98, 99 and 100, respectively, has
been exactly positioned in the optical station. (Assum-
ing proper Mode I operation of the circuit, deviation of
the frame position from the desired point will be at
most only minute.)

Differential optical detector 94, operating in a
manner well understood in the art, will now transmit to
a comparator 101 a signal indicating whether the frame
position sensed indicates proper film advance, insuffi-
cient advance, or too great an advance. In other words,
detector 94 senses whether film 21 has been advanced
a distance greater than, equal to, or less than the inter-
frame spacing. At the same time, there is applied to
comparator 101 in the opposite direction a reference
signal form a source 102 which has fixed predeter-
mined characteristics indicative of the proper film ad-
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vance. Accordingly, if the signal applied to comparator
101 by optical detector 94 is also of this same mag-
nitude, that is, if proper frame position has been
sensed, the two signals will cancel out and no error
signal will be transmitted over a leg 103 to power am-
plifier 93 whereby to change the gain thereof. The next
film advance, when a subsequent clock signal is trans-
mitted, will be the same as the previous advance
therefor.

Assuming now, however, for purposes of further
description that differential optical detector 94 had
sensed that the film advance was, in fact, insufficient
for proper film positioning at the optical station, a *-
minus position” signal will be transmitted to compara-
tor 101. When this signal is compared with the
reference signal from source 102, a “‘difference” or
“error” signal is produced and transmitted over leg 103
to amplifier 93. This signal is of a nature which is effec-
tive to operate the amplifier gain control whereby to in-
crease the gain of amplifier 93. Consequently, as a
second control signal is emitted by clock 91 initiating
the next Mode 1 operation, the output from amplifier
93 will be greater than before, drive motor 18 will be
driven at a higher velocity, and film 21 will be ad-
vanced a greater distance than before. The resulting
velocity profile will now be as shown by curve B, FIG.
6, and it will be noted that curve B is generally similar
in shape to curve A but that the maximum velocity is
slightly higher than that of the previously referred to
curve A. Accordingly, the distance traveled by web 21
for this Mode I operation of the control circuit will be
greater than the distance previously traveled and
proper frame position will now be attained or at least
more closely approached. It will be understood that
complete correction of film position may be extended
over several separate advances; the human eye will not
be too critical of corrections that take place slowly over
several frames.

In the example assumed above, it might have oc-
curred, of course, that optical detector 94 had sensed
that film 21 had been advanced too great an amount for
exact frame positioning at the optical station; in this
case a “plus position” signal would have been trans-
mitted to comparator 101. When this signal is com-
pared with the “‘standard” signal provided by reference
source 102 a ‘““difference” signal is again produced but
of opposite polarity to the difference signal referred to
above. In this instance, the difference signal, trans-
mitted over leg 103, is effective to decrease the gain of
power amplifier 93 and, consequently, the velocity at
which torque motor 18 is driven, as the next control
signal is transmitted by clock 91, is correspondingly
decreased. The resulting velocity profile will be as
represented by curve C, FIG. 6, and again it will be
noted that the shape of the curve is generally similar to
that of curve A, but that here the maximum velocity is
slightly less than that of the previously referred to curve
A. Accordingly, the distance traveled by web 21 will be
less than the distance traveled in the first instance
described and proper frame position will now be at-
tained or at least more closely approached.

it will be obvious that the novel control system con-
templated by this embodiment, wherein the web posi-
tion correction, when necessary, is accomplished as an
integral part of the regular web advance, offers real ad-
vantages over prior systems as discussed hereinbefore.
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While the control system has been disclosed particu-
larly in connection with one type of web advance it will
be understood that it could be applied in connection
with various types of drives. As one example, the servo
control loop could be utilized to vary the stroke of grip-
pers that were being used to puil a web down intermit-
tently from a free loop.

The invention has been described in detail with par-
ticular reference to the preferred embodiments

thereof, but it will be understood that variations and 10

modifications can be effected within the spirit and
scope of the invention.

We claim:

1. A mechanism for advancing a web of strip material
by a motor form a supply of such material, through a
transducer station to a take-up device, said mechanism
comprising:

a pair of rollers at least one of which is driven by the

motor; and

a continuous flexible belt trained about said rollers,
said belt having (1) a first inner surface in direct
contact with said rollers, (2) an outer surface and
(3) a continuous projecting shoulder along each
edge of said outer surface to define a web receiv-
ing channel in said belt, the width of said channel
between said shoulders being substantially equal to
the width of the web, whereby the web when posi-
tioned in the channel is held snugly therein and
moved with said belt.

2. A mechanism for advancing a web of strip material
as defined by claim 1 wherein said shoulders project a
distance such that the depth of said channel defined
thereby is at least as great as the thickness of said web
whereby said shoulders are effective to protect the ex-
posed surface of the web from contact with other parts
of the mechanism when the web is positioned in the
channel.

3. A mechanism for advancing a web of strip material
as defined in claim 1 wherein:

said transducer station includes a light source; and

said belt is formed of transparent material, whereby
light from said source can be transmitted substan-
tially unretarded through said belt and web.

4. A mechanism for advancing a web of strip material
by a motor from a supply of such material, through a
transducer station to a take-up device, said mechanism
comprising:

first and second rollers at least one of which is driven
by the motor;

a continuous, flexible belt trained about said rollers,
said belt having a continuous projecting shoulder
along each edge thereof to define a web receiving
channel in said belt, the width of said channel
between said shoulders being substantially equal to
the width of the web, whereby the web when posi-
tioned in the channel is held snugly therein and
moved with said belt;

a third roller engaged by and driven by said belt as
said belt passes over said first roller; and

a take-up device including a roll engaged by and
driven by said belt as said belt passes over said
second roller.

5. A mechanism for advancing a web of strip material

as defined by Claim 1 further comprising:

means for intermittently driving said one roller to in-
termittently move said belt; and
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means positioned between the supply and the point
at which the web is first engaged by said belt for
maintaining substantially constant tension in said
web as it is moved intermittently.

6. A mechanism for advancing a web of strip material
by a motor from a supply of such material, through a
transducer station to a take-up device, said mechanism
comprising:

first and second rollers at least one of which is driven
by the motor;

a continuous, flexible belt trained about said rollers,
said belt having a continuous projecting shoulder
along each edge thereof to define a web receiving
channel in said belt, the width of said channel
between said shoulders being substantially equal to
the width of the web, whereby the web when posi-
tioned in the channel is held snugly therein and
moved with said belt;

a servo control for controlling operation of the mo-
tor;

means for operating said servo control in a first mode
to rotate said one roller a first amount effective to
advance said web a distance approximately cor-
responding to a desired predetermined spacing;
and

means for operating said servo control in a second
mode to rotate said one roller a second, relatively
small amount effective to attain a vernier adjust-
ment of the position of said web such that the total
advancement of said web closely corresponds to
the desired predetermined spacing.

7. A mechanism for advancing a web of strip material

as defined by Claim 6 wherein said servo comprises:
means for transmitting control signals at a predeter-
mined rate corresponding to a desired rate of in-
termittent web movement;

first means responsive to said signals for activating
the motor in said first mode;

second means responsive to said signals for activat-
ing the motor in said second mode; and

means for delaying the transmission of said signals to
said second activating means until operation in
said first mode is completed.

8. A mechanism for advancing a web of strip material
having transparent areas from a supply of such materi-
al, through an optical transducer station including a
light source to a take-up device, said mechanism com-
prising:

first and second rollers at least one of which is driven
by the motor; ' ‘

a continuous, flexible belt trained about said rollers,
said belt being formed of transparent material and
adapted to carry the web past the optical trans-
ducer station whereby light from said source-can
be transmitted substantially unretarded through
said belt and web;

a third roller engaged by and driven by said belt as it
passes over said first roller; and

a take-up device including a roll engaged by a driven
by said belt as said belt passes over said second
roller.

9. A mechanism for advancing a web of strip material
as defined by claim 8 further comprising means posi-
tioned between the supply and the point at which the
web is first engaged by said belt for maintaining sub-
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stantially constant tension in said web as it is moved in-
termittently.

10. A mechanism for advancing a web of strip
material having transparent areas from a supply of such
material, through an optical transducer station includ-
ing a light source to a take-up device, said mechanism
comprising:

first and second rollers at least one of which is driven
by the motor;

a continuous, flexible belt trained about said rollers,
said belt being formed of transparent material and
adapted to carry the web past the optical trans-
ducer station whereby light from said source can
be transmitted substantially unretarded through
said beltand web;

a servo control for controlling operation of the mo-
tor;

means for operating said servo control in a first mode
to rotate said one roller a first amount effective to
advance said web a distance approximately cor-
responding to a desired predetermined spacing

10

and

means for operating said servo control in a second
mode to rotate said one roller a second relatively
small amount effective to attain a vernier adjust-
ment of the position of said web such that the total
advancement of said web closely corresponds to
the desired predetermined spacing.

11. A mechanism for advancing a web of strip

material as defined by claim 10 wherein said servo con-

10 trol comprises:
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means for transmitting control signals at a predeter-
mined rate corresponding to a desired rate of in-
termittent web movement;

first means responsive to said signals for activating
the motor in said first mode;

second means responsive to said signals for activat-
ing the motor in said second mode; and

means for delaying the transmission of said signals of
said second activating means until operation in
said first mode is completed.
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