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SUMMARY

Critical performance aspects of a commercial version of the
Ottawa electroniclfecording 10g dough mixer were examined. AThé torque
recording system was found to be accurate with 0.3%, and mixing speed
was controlled within 0.8%. Friction in the torque recording system
totalled less than 0.15% of the reading. The hoses supplying water to
the bowl water jacket introduce a 1% error in recorded torque which can
be tared for each sample; The two bowls supplied with the mixer are
interchangeable within 5% with respect to torque (i.e. dough strength)
readings, but,differencés in the time to reach the peak are up to 12.4%.
A primary source of variation in the readings was'fOUnd attributable to
taking data off the torque time curves which required a degree of inter-
pretation. The greatest effect‘of interpretation was“ih esfimating the
time to the peak. Because this measuremenf is a sensitive index of wheat
quality, itAwas éoncluded that further research is neeﬂedvtovmanipulate
curve shape aﬁd impfove intérpfefatioﬁ téchﬁiqueﬁ in esfablishing»fhé‘peak
time. - | - ‘
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PERFORMANCE OF THE OTTAWA ELECTRONfC RECORDiNG 10 g DOUGH MIXER
1.0 Introduction

Development of the Ottawa Electronic Recording_io g Dough Mixer ﬁas
described in detail in previOus'publications'(seevlist of references). An
existingdeughitest insﬁrument, the Mixograph, was-redesigned so that smaller
flour samples could bé tested to examine the quality of breeders' samples at
an early.selectioﬂ stage. The saﬁple bowl size was reduced from a 35 g td a
10 g flour sémple.. The original mechanical dynamometer w55'rep1aced by an
electroﬁic syéiem to achieve greater resolﬁtiqn, sensitivity.and accuracy of
mixing torque measurement and recordingf Additional advantages such as con-
stantvrate of strain etc. are diSCussed.extensiVely in fhe references given.

' Thé 10‘g mixer is ndw available Eommercially (Qﬁeensboro Instruments,

64S‘§rierwood Ave;; Otfﬁwa) and units héve been pﬁrchased by several research
'éstablishmenté.A Tﬁe purpbse of.thé wqik.féportéd here was to evaluate critical
perfofmance aspects 6f a commercially produced.instruﬁeﬁt purchased for the
Cereal Laboratoiy of the Winnipeg Research Station. |
2.0 Desc%iption?ﬁnd Operation

The mixing head and bowl are consﬁructed to the dimensions given in
ERS Bulletin 6208. The arrangeﬁent of the'equipment incorporétes a number of
design improvements that have evolved since the new mixér‘was first reported
"(Voisey, et.ai. 1966) . An imprdved tbrqﬁe‘trgnsducer and bowl pivdt (Voisey,
et al. 1969) (Figure 4 ) and an improved bowl élamp (Figure 4 ) are the most
evident features. Redesign of the mixer framework (Figure? ), mixing head
(Figure { ), mixing head counterbalance spring (Figure27) and numerous other
mechénical improvements have also also been made based on previous operating

experience, particularly those incorporated in the 5 g version of the mixer

that was developed.
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Access to the transducer is provided by a cover held in place by
two thumb screws at the front and: below the bowl support platform (FigureZ2,4).
The mechanisms at the rear of the mixer are enclosed by a sheet metal cover |
held on with screws (Figure 7 ).

. The.electric power for the mixer is controlled by a switch at the
lower front and a red light indicates when the mixer is on. The mixing motor
is started automatically when the mixing head is lowered to the mixing position
by a microswitch inside the rear cover (Figure 7).

The electronic recording system (Figure 1) is the same as used
previously except that a different make of recorder is used. ‘The'torque
transducer is connected to this system via an extehsion cord between a plug

at the rear of the mixer (Figure 7) and a plug at the front of the recorder

console, (transducer) (Figure 1). This connects the transducer to a Daytronic -

Model 300D-91 strain gage amplifier which is connected to a potentiometric
type strip chart recorder. The recording system is calibrated and operated.as
described in instruction manuals fhat were issued previously (see filé'6510)
with the following differences introduced by the new recorder.

a. The recorder has a normal full-scale response time of less than 1.0 sec
which is too fast to record the average of the rapidly fluctuating mixing
torque. A special filter has been added to increase the response time to
about 10 sec. The filtervis‘selected by a switch-adjacent to the recorder

range switch. This switch must be in the "filter in" position whenever the

mixer is connected to the systém. For other applications (e.g. an electronic

recording ‘extensigraph) the recorder can be used with the filter. off to

record signaISvchangipgj at rates up to about 3 sec full-scale.
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A range of metric chart speeds from 75 mm/hr to 480 mm/min are selectable.
The recorder has a.zero control, a range switch and a‘variable sensitivity
control. These duplicate the functions.of the controls that are on the
strain gage amplifier;: Thus, during'calibration and operation the ampli-
fier controls sre used,to adjust the system approximately (i.el coarse
controls) and final adjustments are made more conveniently at the recorder
'controls, It should be noted that for the variable‘sensitivity control on
the recorder to operate the varlable/flxed (VAR /FIX). switch on the recorder
Must be in the variable (VAR) position. Suff1c1ent information is given

in the test_results to select recorder and amplifier'rangevswitch settings
.for.different full-scale torque calibrations;'

Exper1ence has shown that in a controlled env1ronment laboretory that a
costly controlled env1ronment cabinet for the mixer is unnecessary The
mixer des1gn, cost and Operat1on is simplified by e11m1nat1ng the cabinet
and using water Jacketed bowls Therefore, a cab1net is not provided, but
the mixer uses water jacketed bowls. The Jacket water supply is connected
by hoses on the bowl which plug in at quick~disconnects on the left hand
side of the mixer. Controlled temperature water supply and a return are
connected to the quick disconnects at stand pipes on the LH side of the
‘mixer. The hoses on the bowl are soft rubber and made longer than necessary
‘ to_ninimize the effect of the hoses on recorded torqnel_(Figure 2, 3
Two water jacketed bowls each with a pair of mixing pins and top bowl
cover are provided. The bowls are numbered (1 § 2) and the corresponding

mixing pins are identified by 1 or 2 rings machined at the -top.
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The attachment installed in place of the bowl tovéalibrate the torque
transducer has a top disc held in place by a screw at the center (Figure S5).
Removing this disc reveals holes that can be used to check the alignment
of the mixing head pins. When the calibration attachment is installed,
a lever stored at the right hand side of the mixer (Figure 6 ) is released
by a thumbscrew, swung forward, and reclamped. This places a puliey'at
10 cm radius from fhe centerline of the transducer (Figure 6 ).' A cord
connected from the calibration lever is passed over this pulley to sus-
pend weights and apply a force at exactly 10 cm radius (Figure 6 ). Thus,
the calibration torque T cm g applied by a weight Wg:

T = 10Wecmg
The clamp mechanism that holds the bowl in the platformvon top of the
torque transducér (Figure 4) is an over center devicé énd may require
adjustment as wear occurs.  Slacken the 3 screws that hold the front
pivot bracket of the over center'linkage on top of the élatform.: A
screw in the-front‘édge of the'platform just below this bfacket is then
turned clockwise about 1/8th turn and the 3 bracket screws are fefightened.
Continue this procedure until the cup is firmly clamped in position, but
‘the over center linkage is not too difficult to operate.
The motor dri?ing the mixing head haé a rated speed of 1725 RPM. This is
reduced by an integral gearboX(paving a ratio of 18 to f)to 95.83 RPM. The
motor output shaft drives the mixing head via a pair of gears that increase
the speed by a rétio of 42 to 40 to a nominal speed of 160.625 RPM. Thus,'-

the over-all ratio between the motor and mixing head is 17.143 to 1.



3.0 Tests and Re;ults.
3.1 Mixing Speed

- The mixing speed was measured by a digital tachometer recording the
speed of the motor shaft to within 0.1 RPM. The speed determined was the
average sPeed over a 10 sec period. :This was monitored for 7.0 min (the
“usual Mixograph test time) without a éampie and then with samples of hard and
soft flour. Thus, the variation in average speed over 10 sec ;fbr - 7.0 min
or 42 readings wagsobtained in.each test;

Under no load the speed was virtually constant at 103.7 RPM changing
only 0.026%_in 7.0 min (Téblé 1). The mixing speed was higher than expected
because the motor.ran at 1778 instead of the 1725 RPM specified.
| In testiﬂg hard and soft floﬁr the speed dfopped as the mixing
torque inéreased. Thé maximum speed change observed was 0;79%. Thus, it can
be assumed thaf,thé power input to the dough, which is directly proportional
to RPM was'affécfed.. Indicated mixing torque would also be affected since the
forces generated By the dough in resisting mixing are tHeoretically some |
function of speed..‘HOWever, fésistance of viscoelastié materials is not
difectly proporfional to speed. The average speed during mixing was 103.3
'RPM. Thus, a speed change of 0.79% equals an errorvof 0.82 revolutions in a
minute or 5.7 revolutions in a 7.0 miﬁute mixing period. This represents a
maximum error of 0.79% in the total number of révolutions and, therefore, energy
input into the dough.

The rated torque output of the motor is specified as 4.8 in 1b.

The m#ximum‘torque observed in miiing hard flour doughs was less than 0.2 in
1b. Assuming that the efficiency of the motor gearbox and motor to mixing
head gears combined was 25%, the theoretical mechanical advantage was still 6

to 1. Thus, overloading of the motor was not the cause of the speed variation.
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3.2 Torque Transducer Calibration

It was found possible to calibrate the recording system to give fu11¥ 
scale torque recording sensitivities ranging from 50 cm g to 50,000 cm g.
However, since the mixing torque normally does not exceed 2,000 cm g, only the
ranges up to 10,000 cm g were examined in detail. First the system was cali-
brated to give the selected range and checked at zero and full-scale. Tqque
was then applied in 10% increments increasing up to the maximum and returning
to zero to determine non-1inearity‘and hysterisis in the relatiénship between
torque and chart reading.

" The results (Table 2) showed that at ranges from 200 to 10,060 cﬁ g
the maximum deviation from a linear relationship did not exceed 0.3%. Thus,
it can Be assumed that tofque was indicated with an accuracy of 0.3%. Theré
are several sources of these small erfors:

a) Friction in the transducer bearings was measured and féund to be 0.5 cm g.
b) Ffictioﬂ in the transducer bearings p1u§ £he effect of the string and pulley
used for the calibration which was 1;2 cm.g. o | -

‘c) As in b above plus the damping effect of tHe rubber hoses'cénnecting fhe
water supply between the mixer frame and bowl jacket which was 2.8 cm g.

These errors are negligible at the range normally used to test
flours (0 to 2000 cm g) since they total less than 0.15% of full scale.

It was observed that when the water jécket‘hoses were connected to
the mixer frame that a small torque was-applied shifting zero by 20 cm g. It
was found that this could be tared with the recofder zero control-and remained
constant during a test providing the hoses were not touched. If taring is not

used for each sample, the hoses introduce an error of 1% of full scale.
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3.3' Mixing Tests

Commefcial soft and hard flours were used to test the mixer under
operating conditions. Twelve replicates of each flour were tested in-each of
: the two bowls (No. 1 énd No. 2). The water jacket and‘water added to the
flour were maintained at 25°C. The optimum sensitivity of the torque.recording
system found and used for these tests was 2000 cm g. A chart speed of 10 mm
min7l was also found suitable. . | |

Typical‘results are shown in figures 8 and 9 . A summary of
the results (Table‘S).shqwed that differences in torque readings for each
bowl were less than 4%. Bowl 2 generally gave lower readings than bowl 1.
Diffefénces invtﬁé torque at'7.5.mih were less than 1% for both the flours
tested. 'Diffefenéés in‘pe#k forque wefe‘2.2%lfor SOft.fIOur and 4.0% for
hafd flour. Afcareful check bf the Eowl dimensions did ﬁot'revéal any reason
for fhe differencé$ in torque readings. " The differenceslmay’be partly attri-
buted to the degree of interpretation reéUired in estimating:the max imum
torque from the curves. This, for example would explain.why the difference
between bowls was less for the soft flour than for the hard flour (compare
figures 8 ‘and 9 ). Thus, the results indicate that with respeét to torque
readings the two bowls were intercﬁangeable within better than 5%.

vThe differences between bowls ih the time to reach the peak were
much greater (4.9% soft and 12.4% hard).

Thesevdifferences between bowls should be'recpgnized when using the
two bowls to test flours and minimize the experimental time by cleaning one

bowl as the other is in operation. The sources of differences between bowls
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must be attributed to the following parameters which are difficult to

separate experimentally. |

d. Differences in dimensions' of the bowis and mixing head such as piﬁ
spacing and orientation etc. Because the mixing bowl dimensions are
reduced to handle 10 g flour samples (instead of 35 g‘normally used in
the Mixograph) - the clearanqe between the fixed pins in the bOwl
and the moving pins in thé mixing head are reduced.” Thus, any différencésv
in dimensions-will have a greater effect on the clearances between pihs.
which will affect the intensity of the stresses imposed on a mixing>d0ugh;
The Bowls were dimensionally the same within about 0,0002 inches.whichvis
about - the best practicél limits that can be achieved in manufacturing thenm.

D. The variability within-the flour samples used to téstFthe bowls.

C. Variationsvin the controlled temperature watér supply of about-il.SOC.

d. Finally interpretation of the curves which requires-estimafing théibeak
torqué and tﬁe time taken to feach tﬁis ﬁoint; Tﬁe'éﬁrVes'prodﬁéed by the
flour samples did not have diStiﬁct sharp peaks sé that the'erfOrSvin
reading the feak and particularly theAtime to the peak could éasily éccounﬁ
for the differences. For example, the time to the peak was about 2.0
minuteé or 2.0 cm of charf length. Thus, an error in judgement of 2 mm in
marking the peak boint on the cufve would_produée an error 6f'10%. The effect
of interpretation was examined by having a second operator read the same
curves. A summary of these résults (Table 3, Operator 2) showed significgnt
changes, both in sign and magnitude, of the differences between bowls.v
Variation among readings was also different for each operator. There were .
significant differénces in average readings obtained by each operator, parti-
cularly in the time to reach the peak (Table‘4) which fanged from 17 to 46%.
This clearly demonstrates that interpretation of the curves is a factor that

must be recognized in evaluating the results. The results given are based on
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only two flours. Different results may be obtained with a wider
spectrum 6f_flour quality; as the curve shape (gnd width) will
influenCe-interpretation. The ﬁeak; for example is easier to identify
on curves for some flours than others. It is .indeed inconvenient
that the_tihe to the beak; a sensitive index of wheaf qualityv
(De La Roche and Fowler, 1975), exhibits such high variability within
flours and is influenced so markedly by operator interpretation.

€.There is,in addition;the fact that the torﬁue time curve is the result
of a random mixing test in which the orientation of the dough and
the quéntity undergoing stress at any given point is not controlled
mechanically as the dough is free to move relative to the bowl and_

pins.



4.0 Conclusion

The commercial version of the 10 g Ottawa Electronic Recording Dough
Mixer performs as weli as or better than the'experimental units constructed
during the instrument development. It must be recognized that interpretation

of the curves and interchangeability of the bowls may affect the readings obtained.

Aspects such as increasing the sample size to accentuate the peak torque should
be investigated to simplify curve interpretation.
5.0 Equipment Supplied

The following were supplied by the manufacturer

1‘10 g Electronic recording mixer complete with electronic

recording system. Serial No. 75-100.

2 Water jacketed bowls complete with hoses and quick disconnects.

2 Sets mixing pins.

2 Mixiﬁg bowl cover discs.

1 Calibration attachment with cord.

Record pens; ink and fuses etc.

The followiﬁg have been supplied by E.R.S.

Hoses to.connect controlled temperature water supply to mixer.
Spare soft hose for water sgppiy connection between bowl and mixer.
5 Spare fuses (4 amp sloblo) for mixer.

6 Rolls chart paper.

Charts are available from

B. H. McGregor,
P.0. Box 156,
Station H,
Toronto.

Order Riken Denshi Chart No. SPS5.
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Table 1. Variation in average mixing speed (10 sec) over 7 minutes based on
42 readings. ’

Sample .Motor Speed Miking Head Speed Difference1
3 RPM . RPM
Maximum Minimum Maximum  Minimum %
~ None , 1778.3 1777.8 | 103.73 103.71 0.026
Hard flour 1770.9 1764.6 103,30 102.94 0.350
Hard flour ~ 1775.0 1762.8  103.54  102.83  0.685
Hard flour 1774.4 1760.4 103.50 102.69 . 0.790
Soft flour 1772.2 1768.2 103.67 -103.15 » 0.506
Mean 2 | | 103.31

1Maximum-Minimum x 100%
Maximum

2., . c
Of maximum and minimum
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Table 2. Typical calibrations of torque transducer (recorder gain at variable)
showing maximum non-linearity and hysterisis.

Torque Range Recorder Range Amplifier Range Maximum Error
cm g mV % % of Full Scale
10,000 10 100 +0.25
5,000 10 50 | *+0.20
2,000 10 20 +0.30
1,000 10 10 +0.30
500 5 10 | +0.10
200 1 20 +0.20*
100 1 | 5 +0.10*
50 1 5 -

*Checked at } scale only.
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Table 3. Summary of data for 12 reﬁlicates 6f,two.f10urs tested in each of
the 2 available bowls and interpreted by 2 operators.

Operator 1 o
" Flour ' " 'Soft : Hard
Measurement ‘ ~ Peak Time,to Torque at Peak ', Time,to Torque at
torque  peak 7.5 minl torque” . peak 7.5 minl
cm g . min cm g . cmg min cm g
Bowl1 Mean 1053 1.63 769 1044 2.42 920
C.V. % 5.5 25.1 4.9 3.0 11.7 2.6
Bowl, ~ Mean 1076 1.71 779 1086 2.12 912
C.V. % 7.5 24.5 8.7 4.3 19.1 6.0
Difference %% - <2.2 -4.9 -0.8 4.0 +12.4 +0.8
- Operator 2
Flour S Soft Hard
Measurement | Peak 1 Time,to Torque at Peak" Timelto Torque at
' torque” peak 7.5 minl torque” peak 7.5 minl
cm-g  min cm g cm g min cm g
Bowl, Mean 1063 2.2 923 1075 1.3 772
: C.v. % 2.5 21.4 3.2 4.0 26.9 4.7
Bowl2 Mean 1083 2.0 913 1078 1.4 778
A CV. % 4.8 - 31.3 6.1 7.1 46.8 6.7
Difference %° -1 +9.1 4.1 4.3 7.7 ~0.8
1Means of 12 readings _ _
~_ Bowl, - Bowl, x 100%
2. . A | 2
Difference =
Bowl

1



Table 4. Differences1 in readings (%) due to operator interpretation.
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Flour Soft Hard
Measurement Peak Time to Torque at Peak Time to Torque at
torque peak 7.5 min torque peak 75 min
Bowl1 . Mean - 0.95 -34.97 -20.03 - 2,97 + 46.28 +16.09
C.V. % +54.55 +14.74 +34.69 -33.33 -129.9 -80.77
Bowl2 Mean - 0.93 -16.96 -17.20 + 0.74 + 33.96 +14.69
C.V. % +36.00 -27.76 +29.89 -65.12 +145.03 -11.67

1Operator 1 - Operator 2 x 100%
Operator 1




Figure 1. The 10 g mixer and recording system.



Figure 2. The 10 g mixer with a bowl in position and the water jacket connected
to the outlets at the L.H. side. The mixing head is in the raised
position.
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Figure 3. The mixing bowls, pins for the mixing head and the discs that prevent
dough escaping from the bowl.



Figure 4.

View with cover removed showing torque transducer installation.




Figure 5. Calibration attachment with cover removed.



Figure 6. Calibrating the torque transducer.



Figure 7. Rear view with cover removed showing counter balance mechanism and
switch (at center) that controls the motor.
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