Instrumented Rotary Tablet Machines I

Design, Construction, and Performance as Pharmaceutical Research

and Development Tools
By E. L. KNOECHEL, C. C. SPERRY, H. E. ROSS, and C. J. LINTNER

Two conventional rotary tablet compressing machines, the Stokes models 540-35
and BB2-27, have been instrumented to measure both compressional and ejectional
forces. This was accomplished by attaching strain gauges to key components of
the presses and displaying the electrical outputs of the strain gauges on a dual-beam
oscilloscope fitted with a camera. The compressional and ejectional forces devel-
oped during the tableting operation are thus obtained under dynamic conditions.
The design, construction, and performance of these instrumented rotary tablet ma-
chines (IRTM) are described and illustrated.

ALTHOUGH COMPRESSED tablets have been

in use for many years, fundamental re-
search concerning tableting was initiated only
little more than a decade ago. Since that time,
attempts have been made to isolate and evaluate
the effects of many of the variables involved in
the complex process of producing a tablet. Some
of the most significant information has been
obtained with instrumented single punch tablet
machines where the compressional and ejectional
forces involved in the tableting operation could
be accurately detected, recorded, measured and,
if necessary, reproduced.

The instrumentation of single punch compres-
sing machines was first described by Brake in 1951
(1) and later by Higuchi, Nelson, and Busse (2),
Gagnon (3), Markowski (4), and most recently
by Shotton and Ganderton (5).

By attaching strain gauges to the upper punch
of a single stroke Colton 4B press,! Brake (1)
was able to measure and record the compres-
sional force exerted in the tableting process.

Higuchi and co-workers (2) modified a Stokes
model A3 tablet machine? and attached strain
gauges and load cells directly to the press. This
instrumentation permitted the simultaneous
recording of any two of the following variables
as functions of compression time: (¢) the ab-
solute force exerted by the upper punch; ()
the absolute force transmitted to the lower punch;
and (¢) the absolute displacement of the upper
punch. They were also able to determine the
force of ejection.

Qagnon (3) attached strain gauges to the
lower punch of the instrumented press used by
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Brake. This enabled Gagnon to detect and
measure the lower punch compressional force.
Markowski (4) further refined this system to
measure the ejectional forces as well as upper and
lower punch forces.

Shotton and Ganderton (5) attached strain
gauges to the upper punch and lower punch
holder of “a Lehman single punch eccentric tab-
leting machine, driven at a constant speed
through a Kopp Variator.” They were able to
measure the upper and lower punch compres-
sionial forces as well as the ejectional force.

The value of these instrumented single punch
tablet machines in investigating fundamental
aspects of tableting has been clearly established
(1-21). However, single stroke machines are
usually used only for research and pilot batches,
for small volume production items, or for large
size specialty tablets such as boluses. Today,
rotary tablet machines are the conventional type
of compressing equipment in the pharmaceutical
industry. It was felt that methods were needed
to measure and record the compressional and
ejectional forces involved in the preparation of
tablets on high speed rotary presses under pro-
duction conditions.

This paper discusses the instrumentation of
two widely used rotary tablet presses, a Stokes
model 540-35 and a modified Stokes model BB2-
27.2 The instrumentation permits the simul-
taneous detection and recording of (¢) the com-
pressional forces during the formation of the tab-
lets in their dies and (b) the ejectional forces dur-
ing the removal of the tablets from their dies.
This communication describes and illustrates
the design, construction, and performance of
these machines.

REQUIREMENTS OF DESIGN

In instrumenting rotary tablet machines, two dis-
tinct problems were encountered: (e) finding the
means of detecting the compressional and ejectional
forces and (b) finding an adequate method of moni-
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toring (i.e., amplifying, displaying, recording, and
measuring) the detected forces.

Force Detecting System.—To detect the forces, a
system was required that: (e) could be readily at-
tached to a conventional high speed rotary tablet
press; (b) could operate over a wide range of thick-
ness, die fill, overload, and speed settings; (¢) would
not interfere with the normal operations of the
press; (@) would permit the detection of individual
forces for each station; (e) would permit the use of
any size or shape punches and dies; (f) could be
readily transferred to other machines of the same
type.

Comunercially available strain gauges were selected
as the force sensors. Because of the simplicity,
sensitivity, reproducibility, reliability, versatility,
durability, and short recovery time of strain gauges,
the first three requirements were fulfilled.

It was obvious, however, that if the punches of
cach station were to be instrumented in a manner
similar to that used to gauge the single punch ma-
chines, complex electronic arrangements would be
required to ‘“pick up” and transmit the impulses
from each set of gauges. If some portion of the
press remotely linked to the punches could be gauged
to detect the desired forces as they occurred at each
station, requirements (d) and (e) would be achieved.
The last requirement would also be fulfilled if the
members selected for gauging were conveniently
transferable to another machine. Since cast iron
and similar materials do not exhibit constant values
of the modulus of elasticity® and Poisson’s ratio,*
the gauges would have to be attached to steel por-
tions of the press.

Monitoring System.—To monitor the detected
electrical impulses, a system was required that: (a)
could follow at least two simultaneous or exceedingly
rapid, consecutive events (e.g., the compression and
ejection events); (b) could respond to a tablet pro-
duction rate of at least 2,000 tablets per minute
(TPM); (c) would follow and record either indi-
vidual or a consecutive series of compression and/or
ejection events; (d) could respond to and measure
compressional forces ranging from 200 to 10,000
Ib.; {e) would be sensitive enough to amplify and
measure the lower magnitude ejcctional force im-
pulses. As the ejectional forces are usually smaller
than compressional forces, the electrical output of
the gauges would be lower; (f) would allow some sort
of permanent record to be readily obtained at any
time if desired; (g) would be versatile, relatively
easy to operate, and yet would not interfere with or
limit the normal operation of the press; (k) would
be stable, durable, portable, and self-contained (7.¢.,
not dependent upon a wide variety of associated
equipment or procedures, such as photographic de-
velopment, etc.).

The monitoring system meeting the above require-
ments consists of a high sensitivity dual-beam oscil-
loscope, such as a Tektronix model 502 fitted with
a Tektronix model C-12 camera.’ The camera,
equipped with a f/1.9 lens having a 1 to .9 object-to-
image ratio, is fitted with a Polaroid roll film back.

8 Modulus of elasticity in compression is the constant which
expresses the ratio of unit stress to unit deformation for all
values of unit stress not exceeding the proportional limit of
a material.

4 Poisson’s ratio, also known as the factor of lateral contrac-
{iom, is the ratio of lateral unit deformation within the elastic
limit.

5 Tektronix, Inc., Beaverton, Oreg.
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The electronic traces of two events can be dis-
played simultaneously on this oscilloscope. Each
beam can be adjusted separately over a wide range of
vertical sensitivity settings (20 v./cm. to 200 uv./
cm.). Because the sweep range sclection is large
(5 sec./em. to 1 usec./cm.), either an individual or
a series of impulses can be displayed. The per-
sistency of the image on the screen is controlled
by the intensity setting of the beam, and a green
filter can be inserted to prolong the image. Im-
pulse heights can be estimated directly from the
graticule which is calibrated in 1-cm. divisions with
2-mm. markings at the baselines.

With the camera attached to the oscilloscope, a
permanent record can be obtained at any time with-
out interfering with the visual observation of the
screen by taking a picture through the beam splitting
mirror. The photographic prints, which are ob-
tained in less than 30 sec., reproduce the graticule
markings as well as the electronic traces to 9/5
their original size. Fast speed film permits the
capture of very rapidly occurring events or sequences
with extremely good resolution. Film which pro-
duces high contrast transparencies can also be used.

Portability of the entire monitoring system is
obtained by mounting the camera, oscilloscope, bat-
teries, and Wheatstone bridge circuits on a wheeled
cart (see Fig. 5).

INSTRUMENT DESIGN AND
CONSTRUCTION

This phase of the investigation consisted of select-
ing the proper press components to be gauged, in-
stalling the gauges on the selected components, and
confirming that the gauges were responsive to the
stresses produced.

The Stokes model 540-35 was the first rotary press
to be instrumented in our laboratory.

540-35 Press.—The essential features of the sys-
tem to detect compressional forces for this press are
shown in Fig. 1. The mechanical design of the press
overload system is such that oil under preset pressure
forces one end of a lever system against an adjustable
stop screw. The opposite end of the lever supports
the upper compression roll. As tablets are com-
pressed, the force on the punches operates through
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Fig. 1.—Instrumentation of 540-35 press. (Detection
of compressional force.)
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the upper compression roll and the lever to reduce
the force applied to the adjusting screw. To detect
compressional forces for this press, semiconductor
type strain gauges were attached directly to the
lower end of a specially fabricated adjusting screw
of the overload system. The gauges, which were
attached on opposite sides of the serew, reflect the
tablet compressional force as a function of the
reduction of force on the screw. The plane passing
through the strain gauges must be perpendicular to
the axis of the roller on the overload system.

Modifications to the screw included a uniform
“necked-down’’ section for application of the gauges
and a hole running axially through the center of the
screw to convey the lead wires from the machine.
These alterations also increased the sensitivity of
the strain gauged area of the screw to stress. The
gauges were attached to the screw by the Kulite-
Bytrex Corp., Newton, Mass., whose calibration of
the screw indicated that an output of 7.5 uv. was
generated per input volt per pound of applied force.
The geometry of the release mechanism causes a
ninefold reduction in detected stress, 4.e., 9 Ib. of
force on the punch reduces the force on the gauged
screw by 1 Ib. As indicated in the electrical sche-
matic drawing (Fig. 1) for the compressional force
instrumentation of the 540-35 press, the input volt-
age of the Wheatstone bridge circuit is4.5v. Thus,
with this arrangement an absolute force of 270 1b.
applied to the punches will generate a gauge output
of 1.0 mv.

When the gauges are connected to the upper beam
of the oscilloscope, the force of compression in
pounds can be determined for each of the 35 stations
as tablet formation occurs. The force of compres-
sion is an absolute force at the point of measurement.
However, the indicated compressional force values
include the friction in the upper punch guide and
overload system. This frictional value could not
be discerned when the signal on a strain gauged
slug in the die cavity and the indicated force on the
instrumented machine screw were compared. In
this experiment the generation of a known load of
5000 1b. in the die cavity produced an equivalent
reading on the instrumented screw,

The instrumentation of the ejection system for this
press is shown in Fig. 2. A steel bracket was made
to hold the two specially fabricated bolts to which
semiconductor strain gauges were attached by the
Kulite-Bytrex Corp. This bracket was mounted
directly below the ejectional track or cam so that
this track was supported .002 in. above the track
bed by the strain gauged bolts. The track, al-
though held in position by its original mounting
bolts, was free to move vertically., When the track
was struck by a lower punch in pushing a tablet from
its die, the strain gauged bolts supporting the track
detected this event.

Although the gauges were calibrated in terms of
millivolts of output per volt of input per pound of
applied force (1 mv./4.5 v./25 1b.), the ejectional
force determined is a relative measurement of the
actual force involved. Because a lever system is
involved, an absolute equivalency would be possible
only if the punches always struck the ejectional
track at the exact ‘same point and accomplished
complete ejection when they did. Unfortunately,
these conditions cannot be fulfilled because of the
following reasons. (a) The contact point is changed
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Fig. 2.—Instrumentation of 540-35 press.

; ! (Detec-
tion of ejectional force.)

when the machine settings, which vary with the
formulation being compressed, are altered. (b)
Random variations in the dimensions of the tools
and press components also displace the contact
point. (¢) Complete ejection does not occur in-
stantaneously at the initial point of contact.

When the gauges are connected by a Wheatstone
bridge circuit to the lower beam of the oscilloscope
(see ¥ig. 2), an ejectional force impulse will be de-
tected as a single punch “A” strikes the track at
point “a.”” This impulse represents the force of the
contact which was applied to the entire track and
created a reaction R, and R; in the two strain gauges.
Disregarding the minimal horizontal shear force due
to the angle of approach, the sum of Ry and R, equals
the applied force of ejection. Therefore, irrespec-
tive of the locus of this force on the track, the alge-
braic sum of the two reactions will always equal the
force applied to the track by the punches.

Since two to three punch heads are in contact with
the track at any time, the detected electrical impulse
is a summation of the forces resulting at various
points along the surface of the ejectional track.
The literature pertaining to the instrumentation of
single stroke presses (2, 4-7, 12, 13, 15) indicates
that the force required to propel the tablet from its
die is smaller than the force initially required to
“break’ the tablet loose from the die wall. If this
is so, then the force applied by punch “A” as it
first contacts the track will be much larger than the
forces applied by punches “B” and “C’* as they slide
across the track. Our studies showed that this is
the case. When ejection occurs, the oscilloscopic
trace produced shows a sharp initial peak that slowly
decreases until the next peak is generated (see Fig.
6).

Since the ejection event occurs somewhat later
than the compression event for a given station, the
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peak cjectional force impulse is not displayed on the
oscilloscope’s screen directly below the compres-
sional force impulse for that tablet. Rather, the
ejectional impulse is displaced from its compres-
sional impulse by five impulses for the 540-35 press.

One “side’” of this 540-35 press was instrumented
and thus only the compressional and ejectional forces
occurring during this half of the revolution can be
monitored. Obviously, the components of the
opposite side of the press could be instrumented in a
similar manner if desired.

Model BB2-27.—One of the major advantages of
the 540 press—its high tablet production rate—
unfortunately becomes a distinet drawback in re-
search and development work. Although the press
can be slowed to produce as few as 700 TPM, a great
deal of tablet stock is still required for a satisfactory
run. For this reason a tablet press with a lower
tablet output was sought.

A Stokes model 538 press coating tablet machine
was converted to a single stage rotary tablet press,
The design of this press was originally based on
the standard BB2-27 press. By changing the lower
cam track design, the converted press performs like
one-half of a standard BB2-27 machine. Thus,
tablets are made on this press (termed !/, BB2-27)
in the conventional manner during one-half of the
cycle. During the remainder of the cycle following
ejection, the punches remain elevated with the lower
punches level with the bed surface and the upper
punches held in their uppermost position until the
rear pull-down tracks are reached. The die filling,
compressing, ejecting, and take-off sequence was
not altered. Although this press has a capacity of
only 375750 TPM, the operation of this press and
a standard Stokes BB2 press are identical. So
that speed selections could be standardized, a tach-
ometer was also attached to the press. This ma-
chine, then, is a very useful tool for tablet research
and development studies and was instrumented in a
similar manner to that used for the 540-35 press.®

A diagrammatic sketch showing the instrumenta-
tion and the electrical schematic outline for the com-
pressional force detecting and monitoring system is
shown in Fig. 8. Force applied to the lower punch
during tablet formation is transmitted through the
lower compression roll and the lever arm to produce
a strain on the cyebolt of the pressure regulatory
mechanism. The first step to instrument this press
was to detach the entire lower, threaded portion of
this cast iron eyebolt and to replace it with a spe-
cially fabricated steel section. This new part was
threaded at the lower end as usual to accept the
adjusting wheel and reduced in cross-sectional area
at the upper end to increase its sensitivity to stress.
Metal foil type strain gauges attached to this
“necked-down’ area measure the compressional
force as tablet formation occurs. Our calibration
of the gauges and our calculation of the mechanical
advantage indicated that a force of 3,000 Ib. on the

¢ Subsequent to our developments, the authors found that
Brake (1) had briefly explored the partial instrumentation of
a Stokes B2 rotary tablet press. Although Brake’s instru-
mentation of the single stroke machine has been mentioned
in the literature, to our knowledge no previous reference has
been made to his work concerning the measurement of com-
pressional forces on a rotary tablet press. Another investi-
gator working with a B2 press (22) claimed that “during the
tableting process the pressures exerted on the punches were
measured and increased twice.”” TUnfortunately, just how
this was accomplished was not explained. The forces meas-
ured ranged from only about 1500 to 4000 1b.
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lower punch produced a 1 mv. output by the gauges
with 9 v. applied to the Wheatstone bridge circuit.
The installation of detectors to measure the
ejectional force for the 1/, BB2-27 press was similar
to that of the 540-35 press. Figure 4 shows this
instrumentation and the electrical schematic dia-
grams for the monitoring system. The standard
ejection track was shimmed to .002 in. above the
track bed and the existing hold-down screw was used
to secure it at the rear end. A bolt to which metal
foil strain gauges were attached was positioned to
support the front half of the ejectional track. Thus,
the force generated when a punch hits the track while
ejecting a tablet is transmitted to the bolt. Our
calibrations indicated that, at a point directly above
the gauged bolt, a force of 250 1b. was required to
generate a gauge output of 1 mv. when 7.5 v. were
applied to the Wheatstone bridge circuit. At a
point near the leading edge of the track, the same
force generates twice this electrical output, or 2 mv.
However, because two to three punches are always
in contact with the track at any given time, the
electrical display is a composite of the forces being
produced by these punches. Thus, as with the
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Fig. 5.—Instrumented production BB2-27 rotary
tablet machine showing oscilloscope, control panel,
and connections to strain gauges.

Fig. 6.—Photograph of oscilloscopic tracing for
direct compaction mixture 4 compressed on 540-35
IRTM with Force-Flo-Feeder operating at 1000 TPM

using 35-7/5s in. full oval punches. Calibration:
upper trace (C.F.), one large division = 2700 1b.;
lower trace (E.F.), one large division = 25 Ib.;
sweep, 20 msec./large division; left to right.

540-35 IRTM, only a relative measure of the ejec-
tional force is obtained with this system.

Again, the dual-beam oscilloscope was used to
amplify and display the generated impulses, and the
camera was used to record the oscilloscopic dis-
plays for the studies. With this press the ejectional
force impuise trailed the compressional force impulse
by three impulses.

Both ‘“‘sides’ of two standard production BB2-27
presses have been instrumented in the described
manner to measure compressional and ejectional
forces. These IRTM’s are in routine production
use today (see Fig. 5). Furthermore, the eyebolts
and ejectional tracks of a Manesty Bicota? have been
instrumented in a manner similar to that shown in
Figs. 3 and 4.

TYPE AND NATURE OF DATA OBTAINABLE

Figure 6 is a photograph of the compressional and

7 Manesty Machines Ltd., Liverpool, England.
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ejectional force traces produced during tableting of a
direct compaction mixture, 4, containing three active
ingredients with the 540-35 IRTM. The upper
trace records the compressional force impulses and
the lower trace records the ejectional force impulses.
The latter is inverted, i.e., its magnitude increases
in a downward direction. For this photograph the
horizontal sweep of the beams was increased so that
only two consecutive compression and ejection
events are shown. The compressional force for the
first tablet (impulse to the left side of the photo-
graph) is about 6480 lIb. For the second tablet it is
7020 1b. For the first ejectional event displayed,
the initial peak height represents a force of about 27
Ib., while a force of about 32 Ib. is registered for the
ejection of the second tablet. As explained, the
ejection events shown do not correspond to the
compressional curves depicted.

By decreasing the horizontal sweep and making a
time exposure, the photograph shown in Fig. 7 was
obtained. In this run, however, the upper punches
were removed from stations 31 and 33, accounting
for the ‘“blanks’ in both tracings. It can be ob-
served that an ejectional force impulse is displaced
to the right by five impulses from its compressional
force counterpart. The usual variation in both the
compressional and ejectional force impulse heights
was accentuated because the experimental direct
compaction mixture A being compressed did not
flow well. The uniform compressional pulse heights
at the right side of the picture occurred because the
press ‘“‘unloaded” as the tablets were compressed,
1.e., the development of excessive pressures was
automatically prevented by the hydraulic-mechan-
ical overload system of the press. When this occurs,
there is a plateau in the individual compressional
force curve since additional force cannot be applied
to the tablet or punches.

The oscilloscopic displays obtained from the 1/
BB2-27 IRTM are similar to those shown for the
540-35 IRTM. An example is shown in Fig. 8
where the horizontal sweep has been increased on
the left half to show the characteristics of individual
impulses and then decreased on the right half to

il
|1\||| L
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Fig. 7.—Photograph of oscilloscopic tracing for
direct compaction mixture 4 compressed on 540-35
IRTM with Force-Flo-Feeder operating at about
1000 TPM using 35-7/s6 in. full oval punches (upper

punches removed from stations 31 and 33). Cali-
bration: upper trace (C.F.), one large division =
2700 1b.; lower trace (E.F.), one large division =
25 1b.; sweep, 1 sec./large division; left to right.
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Fig. 8.—Photograph of oscilloscopic tracing for
direct compaction mixture B compressed on BB2-27
IRTM with Force-Flo-Feeder operating at a speed
of about 430 TPM using 27-7/44in. full oval punches.
Calibration: upper trace (C.F.), one large division =
3080 1b.; lower trace (E.F.), one large division =
125 Ib.; left sweep, 0.2 sec./large division; right
sweep, 1 sec./large division; left to right.

Fig. 9.—Photograph of oscilloscopic tracing for
conventional granulation D compressed on a BB2-27
IRTM operating at about 400 TPM using 27-7/5¢in.

full oval punches. Calibration®: upper trace (C.F.),
one large division = 2360 1b.; lower trace (E.F.),
one large division = 83 1b.; sweep, 0.1 sec./large
division; left toright.

“squeeze’ the series of impulses together. These
compressional force impulses are quite uniform.
One explanation is that this particular direct com-
paction mixture B, containing the same three active
ingredients as 4, flowed extremely well. The ejec-
tional force tracings are not inverted in Figs. 8, 9,
and 10; hence, the magnitude of the force increases
in an upward direction.

Figures 9 and 10 are photographs obtained while a,
conventional granulation D containing thesame three
active ingredients was being compressed on the 1/,
BB2-27 IRTM.® Figure 9 shows the individual im-
pulses, while Fig. 10, obtained by decreasing the sweep

8 The calibrations differ between Figs. 9 and 10 and Fig. 8
because deliberate alterations to the circuitry and cross-sec-
tional area were made to increase the sensitivity of the system.

Presently, by adjusting the clrcmtry, the sensitivity has been
further increased for the BB2-27 1
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Fig. 10.—Photograph of oscilloscopic tracing of
conventional granulation D compressed on BB2-27
IRTM operating at about 400 TPM using 26-7/ in.
full oval punches (upper punch removed from sta-

tion 1). Calibration8: upper trace (C.F.), one large
division = 2360 lb.; lower trace (E.F.), one large
division = 83 lb.; sweep, 0.5 sec./large division;

left to right.

and removing the upper punchfromonestation, shows
the displacement of the ejectional force impulse
to the right of the corresponding compressional force
impulse by three impulses. There was more com-
pressional force uniformity for this granulation than
there was for the poorly flowing direct compaction
mixture 4 shown in Fig. 7. However, the good flow-
ing direct compaction mixture B pictured in Fig. 8
showed the most nearly uniform compressional
force impulse heights of the three.

Various methods can be used to measure the in-
dividual heights for a series of impulses. Photo-
graphic prints or transparencies can be projected
onto a calibrated grid or measured directly by a
specially scaled transparent ruler. The mean
of a series of impulse heights can be determined and
used to calculate the force involved in the prepara-
tion of that sample of tablets. For example, in
Fig. 8 the mean pulse height for the left side of the
picture was found to be 1.71 cm. Since 0.9 cm. is
equivalent to 3080 1b., the average compressional
force generated during the compression of these
tablets is 1.71 X 3080 = 0.9 or about 5850 1b. The
average ejectional force calculated in a similar man-
ner is 0.52 X 125 =+ 0.9 or about 72 lb. Com-
pressional and ejectional force data can be obtained
in this manner to define or describe an individual
tableting run. All force measurements can be con-
verted into pressure values by simple calculation
involving the area of the punch faces. It is impor-
tant to remember that the compressional force meas-
urements are in terms of absolute force at the point
of measurements and include any slight friction
components of the upper punch guide and overload
systems. The ejectional force measurements are
relative values with respect to the machine, the
machine settings, and the tools. The ejectionai
force is related to the stock, the size and shape of the
punches, the depth of compression, and the size or
weight of the tablets being produced.

The material presented describes the type and
nature of data that canbeobtained with instrumented
rotary tablet machines. Some of the ways that
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such data have been used to study a variety of
tableting problems will be presented in part II of this
series (26).

SUMMARY

The proposed design requirements to measure and
monitor compressional and ejectional forces devel-
oped on rotary tablet machines have been fulfilled
by the two instrumented presses described here,
The forces are detected by strain gauges attached to
strategic components of the press remotely located
from the sites of action. The detected forces are
monitored on a dual-beam oscilloscope connected
through Wheatstone bridge circuits to the individual
compressional and ejectional force sensing strain
gauges. Diagrams are included to show the strain
gauging and electrical circuits. Permanent records
are obtained by taking pictures of the transmitted
displays with a Polaroid-backed oscilloscope camera.
Photographs are used to illustrate the type and
nature of compressional and ejectional force data
obtainable from the instrumented presses.

Thus, two instrumented rotary tablet machines,
the Stokes models 540-35 and !/, BB2-27, are now
available for research and development projects.
Other tablet machines, similarly equipped, have
been used to monitor routine tablet production runs.

ADDENDUM

Since the time this paper was prepared and pre-
sented at the annual meeting of the AMERICAN
PHARMACEUTICAL ASSOCIATION in May 1963, addi-
tional studies on the instrumentation of rotary tablet
machines have been reported.

Shotton and co-workers (23) bonded strain gauges
to the shanks of one upper and one lower tablet
punch and used radio telemetry to transmit the
compressional force to the recorder. The press was
a Manesty D-3, 16 punch, rotary tablet machine in
which all of the tablet punches had been removed
except for a single punch and die set. The machine
had to be hand turned.

Fuhrer (24) discussed the pressure distribution in
tableting with a study on compression curves in
rotary tableting presses.

Recently, Wray et al. (25) reported on an instru-
mented Stokes BB2 rotary tablet machine similar to
that described in this paper. These workers were
able to monitor simultaneously the upper and lower
compressional forces from both a set of instrumented
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punches and instrumented upper and lower com-
pression rolls and ejection forces from an instru-
mented lower punch and a redesigned ejection cam.

The rotary tablet machine instrumented by
Shotton is a research tool incapable of operating at
high speeds. The instrumented rotary tablet ma-
chines described in this paper and the one subse-
quently modified by Wray may be utilized to study
typical tablet development and production problems
under dynamic conditions. ‘

REFERENCES

(1) Brake, E. F., “Development of Methods for Measur-
ing Pressures During Tablet Manufacture,” M.S. Thesis,
Purdue University, West Lafayette, Ind., 1951.

(2) Higuchi, T., Nelson, E., and Busse, L. W., J. Am.
Pharm. Assoc., Sct. Ed., 43, 344(1954).

(3) Gagnon, L. P., “A Correlation of Physical Aspects in
Tablet Production,” Ph.D. Dissertation, Purdue University,
West Lafayette, Ind., 1957.

(4) Markowski, S. L., “The Evaluation of Tablet Lubri-
cants Using a Conyentional Type Tablet Machine Instru-
mented with Strain Equipment,” Ph.D. Dissertation, Purdue
University, West Lafayette, Ind., 1958.

(5) Shotton, E., and Ganderton, D., J. Pharm. Pharma-
col., 12, Suppl. 87T (1960).

(6) Nelson, E., “Measurement of Force and Displacement
Variable in the Tablet Compression Process,”” Ph.D. Disserta-
tion, University of Wisconsin, Madison, Wis., 1954.

(7) Nelson, E., Naqvi, S. M., Busse, L. W., and Higuchi,
T., J. Am. Pharm. Assoc., Sci. Ed., 43, 506(1954).

(8) Higuchi, T., Elowe, L. N., and Busse, L. W., bid., 43,
685(1954).

(9) Elowe, L. N., Higuchi, T., and Busse, L. W., ¢bid.,
43, 718(1954).

(10) Swintosky, J. V., Kennon, L., and Tingstad, J.,
ibid., 44, 112(1955).

(11) Nelson, E., Busse, L. W., and Higuchi, T., ibid., 44,
223(1955).

(12) Raff, A. M., Arambulo, A. S., Perkins, A. J., and
Deardorff, D. L., ibid., 44, 290(1955).

(13) Nelson, E., ihid., 44, 494(1955).

(14) Strickland, W. A., Jr., “A Study of the Fundamental
Aspects of Tablet Lubrication and the Quantitative Evalua-
tion of Lubricants,” Ph.D. Dissertation, University of Wis-
consin, Madison, Wis., 1955,

(15) Strickland, W. A., Jr., Nelson, E., Busse, L. W., and
Higuchi, T., J. Am. Pharm. Assoc., Sci. Ed., 45, 51(1956).

(16) Nelson, E., Arndt, J. R., and Busse, L. W, ibid., 46,
257(1957).

(17) Strickland, W. A., Jr., Higuchi, T., and Busse, L. W.,
tbid., 49, 35(1960).

(18) Daoust, R. G., “A Study of the Combined Effects of
Binders, Lubricants, and Lubricant Conventions in Tablet
Making,” Ph.D. Dissertation, Purdue University, West Lafa-
yette, Ind., 1960.

(19) Munden, B. J., DeKay, H. G., and Banker, G. S.,
Drug Sid., 28, 12(1960).

(20) Shotton, E.,and Ganderton, D., J. Pharm. Pharmacol.,
12, Suppl. 93T (1960).

(21) Ibid., 13, 145T(1961).

(22) Filleborn, V. M., Am. J. Pharm., 120, 233(1948).

(23) Shotton, E., Deer, J. J., and Ganderton, D., J. Pharm.
Pharmacol., 15, Suppl. 106T(1963).

(24) Fuhrer, C., Pharm. Ind., 25, 674(1963).

(25) Wray, P. E,, Vincent, J. G., Moller, J. W., and Jack-
son, G. J., “Rotary Tablet Machine Instrumentation,” pre-
sented to the Industrial Pharmacy Section, A.PH.A. Academy
of Pharmaceutical Sciences, Dallas meeting, April 1966.

(26) Knoechel, E. L., Sperry, C. C., and Lintner, C. J., J.
Pharm. Sci., 56, 116(1967).





