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Mixogram Analysis Based on Mixograph Dynamics
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ABSTRACT

Mixogram data is produced from a combination of dough and machine responses. The ma-
chine response of a mixograph is related to the machine’s cyclic mixing motion and the spring-
mass characteristic of the machine and dough. Mixographs have many configurations, such as
moving- and fixed-platform systems. To make the results from different mixograph configura-
tions comparable, the dough response needs to be extracted from the data, and the data needs to
be normalized to a standard reference value. This study identified several machine characteris-
tics and their effects on the mixogram data. A standard 10-g mixograph was fitted with sensors
that measured the position of the swinging platform. A second 10-g mixograph was fitted to
measure the torque for a 10-g fixed-platform system. Both instruments were equipped with en-
coders to monitor mixing position and signal the completion of each mixing cycle. Synchroniza-
tion of data collection with the mixing cycles removed harmonic variations due to the nature of
the mixing and allowed for accurate descriptions of the mixing torque. The average mixing
torque appeared identical for both the moving- and fixed-bowl systems. There was a large dif-
ference in the standard deviation of the systems. The standard deviation was normalized to

match based on the spring-mass response versus the mixing rate.

The mixograph has been described and its
development history detailed by Shogren
{8). Additional descriptions and operating
procedures for a 10-g mixograph, are dis-
cussed in Finney and Shogren (3) and
AACC Approved Method 54-40A (1).

Several researchers have created an inter-
face between the mixograph and data collec-
tors to digitally collect and automatically
analyze mixogram data. Modifications can
be made to convert a 10-g moving-bow]
mixograph to one in which the bowl and its
platform rotate only enough to activate a
load cell—referred to as a fixed-bowl sys-
tem. Many researchers have contributed to
the development of systems that can elec-
tronically acquire dough-mixing data, includ-
ing Voisey and coworkers (10), Rubenthaler
and King (7), Navickis and coworkers (6),
Walker and Walker (11), Wooding and
Walker (12), and Gras and coworkers (4).

A mixograph has two mixing-pin pairs
or four moving pins. The moving pins start
at different locations, but all trace the same
epitrochoid path. Figure 1 shows the epi-
trochoid path with three stationary bowl
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pins for each 16° of input shaft rotation.
For the moving pins to complete a mixing
cycle, four revolutions of the input shaft
are required.

Steele and coworkers (9) have devel-
oped mathematical equations to express the
position, velocity, and relative torque con-
tributions for each of the four mixing pins
(Fig. 2). Their position equations demon-
strate that all pins traverse the same path
during the four revolutions of the input
shaft (1,440%). The lower waveforms in
Fig. 2 represent the simulated torque for
the four moving pins. Each relative torque
waveform was determined based on pin
velocity and radial distance. Maximum
torque was determined while the pins were
positioned farthest from the center and
where the pins were moving the fastest.

Fig. 1. Epitrochoid path of mixing pins.

The summation of all pins produced a
simulated mixing pattern of six subcycles
per mixing cycle, representing the torque
put into the dough, not the response from
the dough and mixing operation.

Mixogram data is produced from a com-
bination of dough and mixograph instru-
ment forces during mixing. Our objectives
were to characterize the cyclic nature of a
mixograph and its effect on mixogram pat-
terns, as well as to measure the mixogram
in terms of torque rather than chart position
and to characterize the spring-mass of each
system. System characteristics cause mov-
ing and fixed data to appear to be widely
different, The dough response, however,
should be similar in fixed- and moving-
bowl systems. By synchronizing the data
acquisition to each mixing cycle and by
normalizing the spring-mass response, the
average torque and standard deviations for
fixed- and moving-bowl mixograph sys-
tems can be compared.

MATERIALS AND METHODS

Two standard moving-platform 10-g mix-
ographs were modified for use in this
study. A rotary position sensor (Schaevitz,
Pennasauken, NJ) was attached to the bot-
tom of the platform shaft of one mixograph,
allowing collection of mixing data either
electronically or with pen and chart paper.
A second mixograph was converted into a
fixed-platform instrument by attaching the
shaft of the platform to a torque sensor
(Transducer Technique, Temecula, CA).

Chart position is commonly used as the
scale of the mixograph and can represent
different values of torque depending on the
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Fig. 2. Summation (upper curve) and indivi-
dual pin (lower curve) mixing torque simula-
tion.



spring setting of the instrument. Chart po-
sition is a relative measure, while torque is
an absolute measure. Different 10-g sys-
tems and flours can be compared easily
when results are given in units of torque.

The mixograph systems were calibrated
in units of torque. A specially designed
calibration fixture and pulley were mounted
to the bowl platform and mixograph chas-
sis to facilitate the use of calibration weights.
For a standard 10-g moving-platform sys-
tem, torque at 50% L,hzu'i paper position was
about 160 mN-m. For our fixed system, the
maximum possible torque was 750 mN-m.

The basic property of a spring-mass sys-
tem is its response time. Instrument re-
sponse time varies with platform mass and
mass distribution, dampening coefficient or
friction of the bearings, and spring constant
(5). The time for the torque to move from
maximum to zero torque was measured.
For the fixed-bowl system, the platform
and empty bowl were deflected to overload
stop and released. The resulting oscillating
torque response was recorded (Fig. 3). For
the moving-bowl system, the empty bowl,
platform, and spring were extended to the
full-scale chart line and released. The time
for the platform to move [rom full-scale to
zero torque was recorded electronically.

For the fixed system, the effects of var-
ied bowl positions were studied. These ef-
fects could not be quantified with the mowv-
ing-bowl system because the positions of
the bow! pins were allowed to vary over a
34° range of motion, However, the posi-
tions of the bowl pins were constant in the
fixed system. To study the effect of the
bowl pins relative to the moving pins, the
bow! platform was adjustable, with posi-
tions at middle and +14° and —14° of the
midposition. The midpositions of the bowl
pins are as shown in Fig. 1. The test posi-
tions were similar to the 10, 50, and 90%
chart line positions for a moving system, A
hard wheat flour and a soft wheat flour
were used for the bowl position testing.

In both systems, an encoder was mounted
to the top of the mixograph (Fig. 4). The
encoders were driven from the input shalt
of the mixing pins with a set of gears, me-
chanically linking data collection to mov-
ing-pin position and mixing cycle. The en-
coders produced two pulsing signals. One
triggered the collection of torque data after
each 4° of movement. The other signaled the
end of each mixing cycle or each 1,440° of
rotation from the input shaft. The analog
and digital signals were interfaced to a PC
through a data acquisition card (Metrabyte
DAS16). Data collection software was writ-
ten in Quick-Basic.

Mixographs and bowls were operated at
25°C (77°F) and an input shaft speed of 88
rpm. Bach mixograph ran for 8 min, pro-
ducing 176 mixing cycles, each with 360
points. Mixograms were obtained from
three flours with distinctly different mixing
characteristics. The flours were obtained
from reference stock held by the USDA
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Fig. 3. Spring-mass response for 10-g fixed-bowl mixograph.
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Hard Winter Wheat Quality Laboratory
(Manhattan, KS). The first flour had a me-
dium mixing development time and sus-
tained mixing strength after the peak. The

Fig. 4. Modified 10-g fixed-bow!| mixograph with position encoder.
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second flour had a long development time.
The third flour had low mixing toler-
ance, as indicated by the rapid decrease
after peak.
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Fig. 5. Electronic mixogram of hard wheat flour.
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Fig. 6. Mixing data from mixing cycle 150.
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RESULTS AND DISCUSSION

An electronic mixogram for hard wheat
flour is shown in Fig. 5. The data was col-
lected for 8 min or 176 mixing cycles. The
upper two lines represent the average
torque at each mixing cycle and 10-point
smoothing of the average data. The lower
lines represent the standard deviation at
each mixing block and 10-point smoothing
of the standard deviation data. The stan-
dard deviation per mixing cycle was used
as the second dough response parameter,
replacing the conventional mixogram band-
width.

Figure 6 shows mixing cycle 150 from
the same electronic mixogram. The six sub-
cycles are readily apparent in the expanded
mixogram data, similar to the subcycles in
the simulation model by Steele and co-
workers (9). Pairs of mixing pins straddle or
hurdle the stationary bow! pins. Vertical
lines have been labeled with either the let-
ter s, denoting a straddle, or with the letter
H, denoting a hurdle. When straddling, one
pin passed outside and the other pin passed
inside the bowl pin. When hurdling. both
pins passed outside the bowl pin. Greater
torque was developed and higher peaks
produced during hurdles because both pins
traveled at maximum velocities and dis-
tances from the center. Less torque was de-
veloped in the mixogram during straddles
because one pin traveled at minimum ve-
locities and distances from the center.

The illustrated valleys and peaks in Fig.
6 reveal why the method of data collection
is important. If, for instance, data had been
collected predominantly in the valleys, the
recorded average torque would be lower
than the true average. Additionally, if the
data were collected out of synchronization
with the cycles, the standard deviation
could display harmonic fluctuations. There-
fore, the best method of data collection is
in synchronization with the mixing cycles.

Collection of sufficient points per mix-
ing cyele is required for accurate analysis.
The minimum number of points to coarsely
describe a sine wave is four (2). As more
points are added, the wave becomes more
clearly described. The mixing waveform
was not a sine wave and required many
more than four points per subcycle to be
identified clearly. Sixly points per subcycle
or 360 points per mixing cycle were used
to describe the mixing-response waveform
for the data collected.

System Spring-Mass Response
Deflecting our 10-g fixed-bowl platform
to a torque-transducer overload stop and
then releasing it created the graph shown in
Fig. 3. The shape of the spring-mass re-
sponse is a dampened sinusoid. The re-
sponse is similar to a tuning fork vibration.
The main characteristic of the spring-
mass response is the time response for the
platform to move from maximum lo zero
displacement. This is equal to one-fourth



of the sine-wave respense. The mixogram
bandwidth is related to the spring-mass re-
sponse time and the time belween mixing
actions. If the spring-mass response is faster

than the mixing action, then the standard
deviation will be at the maximum possible
for the instrument. It the spring-mass re-
sponse is slower, then the standard devia-
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Fig. 7. Standard deviation responses from three bowl positions.

Fig. 8. Bow! pin positions compared with mixing path.
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Fig. 9. Traditional, moving-bowl, and fixed-bow!| mixograms for three flours.
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tion will be less than the maximum be-
cause the mixer engages with the dough
before the spring has settled.

The mixing-action rate is related to the
number of hurdle and straddle events per
second. A standard mixograph is set to op-
erate at 88 rpm or 22 mixing cycles per
minute, which converts to 2.72 sec per mix-
ing cycle. Each mixing cycle contains six
subcycles, and each subcycle contains two
hurdles and two straddles, which converts
to 24 mixing actions per mixing cycle. Thus,
a single mixing event (hurdle or straddle)
occurs every 0.114 sec.

Our [fixed-platform instrument had a
dampening sine-wave cycle time of 0.025
sec and a quarter-cycle time of 0.006 sec.
The fixed instrument’s spring response was
much faster than the mixing input. Data
collected from our moving-platform in-
strument yielded a dampening cycle time
of 1.12 sec and a quarter-cycle time of 0.28
sec. Sequential mixing input occurred be-
fore the moving system’s spring could pull
the platform to the bottom of the chart and
significant dampening occurred.

To estimate the amount of dampening
that occurred with the moving system, the
mixing-action rate was compared with the
quarter-cycle response time of the moving
system. The ratio was 0.114:0.28 or 0.41.
The bandwidth of the moving system was
estimated as 41% of the maximum possible
bandwidth.

The mixogram bandwidth is the maxi-
mum torque minus the minimum torque for
cach mixing cycle. The average of the data
is commonly determined along with the stan-
dard deviation of the data. Standard deviation
correlates directly with bandwidth and is
roughly the bandwidth divided by four.
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The standard deviation data from the mov-
ing system was compared with the standard
deviation data from the fixed system for
the flours tested. The average of the mov-
ing and fixed deviations was 0.47 for the
three flours, each with 176 mixing cycles,
which was reasonably close to the 0.41
multiplier.

Effect of Varied Bowl Pin Position

Three bowl positions were tested with a
hard red wheat (HRW) flour and a soft red
wheat (SRW) [lour. The data show that the
standard deviation of the mixogram was
related to the bowl position for both the
HRW and SRW flours. The standard devia-
tion responses were highest at +14° and low-
est at —14° (Fig. 7).

The torque responses were not the same
for the HRW and SRW flours. For the HRW
flour, the smoothed torque response was
highest for the midposition, and the —14°
position produced the second highest torque
response. For the SRW flour, the torque
responses were similar for the three posi-
tions, except at the —14° position, at which
the torque response was higher during the
first few minutes of mixing.

When considering the movement of the
mixing pins and the dough relative to the
bowl pins, a position near —14° maximized
the space of the oncoming mixing pins (Fig.
8). The extra space and time allowed the
interactions between the dough and fixed
instrument to be less variable.

Mixogram and Standard Deviation
Curves

Mixograms from three distinctly differ-
ent flours are shown in Fig. 9. The curves
in the top row were made with the 10-g,
traditional moving-bowl instrument. using
pen and ink and chart paper. The middle
row of mixograms was made with the 10-g,
moving-bowl electronic instrument, and
the bottom row was made with the fixed-
bowl electronic instrument. The chart and
pen mixogram contains arcing lines from
the swinging system. The electronic mixo-
grams are summarized with two lines—the
upper representing the maximum data value
per mixing block and the lower represent-
ing the minimum value per mixing block.

The midline of the mixograph data was
determined by averaging the torque at each
mixing cycle, and the averaged torque re-
sponses were smoothed with a 10-point
running average. The smoothed torque curves
for the moving- and fixed-platform mixo-
grams were plotted lor the three flours
(Fig: 10). The smoothed torque appears to
be nearly identical for both systems and for
each flour. The smoothed torque curve for
the moving system shows more variation,
but both curves overlap.

The standard deviations for the two sys-
tems were visibly different for the moving
and fixed electronic instruments. The mov-
ing system exhibited relatively smaller
standard deviations, as represented by the

lower charts (Fig. 10). The fixed system
produced the maximum standard deviation
possible because its spring-mass response
was faster than the mixing-action time. The
standard deviation curve lor the fixed sys-

tem was modified with a single multiplier

to match the moving standard deviation
data. The multiplier was estimated earlier
as 0.41 based on the ratio of the mixing-
action time to the full-scale response time
of the moving system.

In this case. the standard deviations for
the fixed system were modified to appear
like those of the moving system, because

many mixograph users are familiar with
the bandwidths from moving systems. How-
ever, the moving deviations could be modi-
fied to appear like the fixed. The fixed
standard deviations represent the maximum
deviation possible, and the slopes of the
fixed standard deviation curves are more
dramatic.

The smoothed torque and normalized
standard deviation plots were sulficient to
characterize dough responses for both
moving- and [ixed-bowl instruments. The
torque curve provided dough-mixing in-
formation separate from the standard devia-

CEREAL FOODS WORLD /103



200 ¥ e Tl S

Smooth Std. Dev. (mN-m)

250 - flour #1, moving and fixed torques

flour #2, moving and fixed torques

|

...... Sy +

100 i =ty
i i i
J» _ flour #1, standard deviations

0 20 40 &) 80 100 120 140 160 180
........ frsaiy = TS

E

=

E ;

L Pt G fixed

o t ; ol e My

R B e T R

= ? movingL, 1! o i i

° 20 iy S5 by M’:;

g odified-fixed | i

L f—f—"F ! —_—
a4 20 40 80 AD 100 120 140 180 180 0 20 40 B0 80 100 120 140 160 180

Mixing Cycles

Mixing Cycles

Fig. 10. Smoothed torque and standard curves for three flours.

tion curve, Separating the torque response and
the standard deviation response aided in
distinguishing differences between [lours.
For example, flour 1 and flour 2 exhib-
ited similar standard deviation responses;
however, their smoothed torque responses
were significantly different. The smooth
torque curve for flour 3 demonstrated
strength similar to flour 1, but the standard
deviation response for flour 3 exhibited
significant reductions at the tail. For Fig.
10, the scale of the torque charts was O-
300 mN-m, while the scale for the standard
deviation charts was 0—100 mN-m.

SUMMARY

Several important features emerged from
this study. Measuring mixograph response
as torque rather than chart paper position
would facilitate a standardization proce-
dure between instruments and comparison
of different flours. The existence of six
subcycles within a mixing cycle of 1,440
demonstrates the presence of machine
harmonic activity. Data acquisition meth-
ods need o account for the peaks and val-
leys of the machine harmonic, and one
method is to synchronize data collection
within the mixing cycles. Second. the data
acquisition system needs to acquire an
adequate number of points to accurately
represent mixing cycles.

Because there were differences in the
spring and mass characteristics, the stan-
dard deviations for the fixed system were
significantly larger than the deviations for
the moving system. Basic methods for de-
termining the time responses of mixograph
systems were given for both the moving
and fixed systems. The fixed system used a
stiffer spring, which responded to a full-
scale change in torque in 0.006 sec. The
moving systems responded to a full-scale
change in torque in (.28 sec.
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The reference point for the standard de-
viation should be established by the users.
In this study, the fixed-platform standard
deviation data was modified with a damp-
ening ratio of 0.41. Applying this dampen-
ing ratio to the fixed-platform deviations
produced standard deviation responses
similar to the moving-platform deviations.
This was done to accommodate users of
moving systems. However, it is our opin-
ion that the reference for standard devia-
tion should be the fixed system. because
the fixed system represents the maximum
deviation values and appears to accentu-
ate differences between standard devia-
tion responses.

The effect of bowl pin positions was
studied for the fixed system. The standard
deviation responses were related to the
bowl pin position for both the HRW and
SRW flours. The standard deviation re-
sponse was lowest at the —14° bowl posi-
tion. The torque responses were not the
same for the HRW and SRW flours and
varied more with the HRW flour than with
the SRW flour.

The smoothed torque data and normal-
ized standard deviation matched for both
the moving- and fixed-bowl systems. The
basic mixing characteristics of several doughs
were described adequately by the smoothed
torque and normalized standard deviation.
With electronics, mixograms are moving
away from a bandwidth of ink on a chart,
as produced with a moving system, toward
digital data processing and a fixed system.
In this study, digitally processing mixograms
into separate torque and standard deviation
responses aided in distinguishing and evalu-
ating differences between flours tested.
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