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INTRODUCTION

In Canada wheat, oats and barley
are the main grains used in feeding
livestock. These grains are fed by
many thousands of livestock men
to many classes of livestock under a
variety of conditions. Methods of
feeding consist of feeding the com
plete plant containing the grain, feed
ing the shelled grain whole or ground,
or mixed in a variety of rations in
cluding a variety of feeds such as
pellets and wafers.

Small hard kerneled grains which
are the most common generally need
some preparation before feeding to
increase palatability, consumption
and digestibility. Feed trials indicate
this does not apply as rigidly to large
kerneled grains or soft feeds.

Any preparation or processing of
feeds require additional labor and
increases feeding costs. It is estimated
that feeding accounts for 50 to 60%
of the cost of production, housing
and labor the remainder. It is neces

sary that the increased efficiency of
the processed feed more than offset
the cost of the operation thus increas
ing the profit or there is no benefit
derived.

Therefore, due to the surplusses of
grain and the increasing interest in
livestock feeding, as well as the high
costs with low returns generally com
mon to agriculture, a knowledge of
methods of preparing feeds is of fin
ancial advantage to livestock men.

MACHINES TESTED

The Agricultural Engineering De
partment, University of Saskatch
ewan conducted tests on four types
of grain processing equipment. The
purpose of the tests was to establish
the cost for processing our common
grains, namely, wheat, oats and bar
ley to different degrees of fineness
and also to compare the uniformity
of the product.

All the feed processing machines
were small electrically operated mod
els suitable for use on 220 volt farm

power.

Machines used were:

1. Plate grinder

2. Hammer mill

3. Roller

4. Oat huller.

Plate Grinder

Manufactured by W. C. Wood Co.
Ltd., Guelph, Ontario. Operated by
3 H.P. single phase 220 volt direct
drive electric motor; rated amper
age 18; rpm 1750. Standard equip
ment included two sets of six inch
grinding plates and three inter
changeable augers, coarse, medium
and fine. A magnetic trap was pro
vided in the hopper to catch metallic
objects.

Hammer Mill

Trade name "Mix-Mill", manu
factured by Belle City Engineering
Co., Racine, Wisconsin. Operated by
2 H.P. single phase 220 volt direct
drive electric motor, at rated capacity
drawing 9.5 amps at 3450 rpm.

Three screens were supplied with
14, Y£, and 1/8 inch openings. The
hammer rotor is 14 inches in diameter

and 5 inches wide carrying 15 swing
ing reversible hammers.

The hopper is divided into four
compartment with individual feed
augers from each. Once the individu
al augers are set for the correct pro
portions a master dial controls the
rate of feeding and shuts off for all
augers.

An ammeter is provided for motor
load setting as well as a two hour
time clock with automatic shut off

for any desired time. A receptacle is
provided for an automatic bin switch
to stop the motor should one bin run
empty.

Grain Roller

Papec-Samson grain roller manu
factured by Papec Machine Co.,
Shortesville, New York. The machine
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was operated by a 1 H.P. single phase
220 volt General Electric capacitator
electric motor rated at 6.5 amps at
1715 rpm. The rolls were operated
at 640 rpm. The corrugated rolls
were five inches wide and ten inches

in diameter. A magnetic trap in the
hopper to catch metallic objects was
supplied.

Oat Huller

Ferguson Oat Huller manufac
tured by F. C. Ferguson Co., Edmon
ton, Alberta. The huller was operated
by the same motor as the grain roller.

The hulling mechanism consists of
a fifteen inch diameter rotor carry
ing 16 angle iron beater plates six
inches wide rotating at 1800 rpm to
loosen the hulls by impact and also
act as a blower to deliver the material

to the feed collector. Hulls are sep
arated, oats dropping out the bottom
while hulls drawn through a second
blower to the second feed collector
where hulls drop out the bottom.

Dampers are provided to regulate
the degree of seperation of loosened
hulls.

PROCEDURE

The three kinds of grain were pro
cessed by each machine and capaci
ties measured by weighing and tim
ing. Fineness of grind for the plate
grinder and roll mill were arbitrarily
decided by the operators. The three
sizes of screens were used in the ham-
mermill for coarse, medium and fine
textures.

Recording apparatus for power
consumption consisted of recording
ampere and volt meters. Capacities of
all machines were established as at

the point where the motors were op
erated at the rated amperage stamped
on the specifications plate on each
motor.

A wattmeter was not available at

the time of the tests so following the
tests a power factor curve was etab-
lished for each motor using a Pony
Brake and the necessary corrections
made when calculating watt hours
and kilowatt hours per bushel.



Modulus of Uniformity

To check the accuracy by which
the different machines uniformly re
duced the size of the kernels the
standard procedure adopted by the
American Society of Agricultural En
gineers in 1930 for determining mod
ulus of uniformity was used. This
procedure may be found in Engineer-
ing handbooks.

The procedure consisted of shaking
and screening a 250 gram sample of
the product in the Ro-Tap shaker
for five minutes using 8 (.093") and
28 (.0232") size mesh Tyler screens.
The amount not passing through the
8 and 28 mesh screens as well as the
amount passing into the pan below
were weighed. Each amount is then
calculated as a portion of 10 to the
nearest whole number which is the

uniformity index. This method gives
an indication of the proportions of
coarse medium and fine particles in
the processed feed.

Moisture Content of Grain

The moisture content of the grains
used were wheat 13.0%, barley 15.5%,
(tough) and oats 13.2%.

Plate Grinder

Kind of

Grain

Wheat

Wheat

Wheat

Barley
Barley
Barley
Oats

Oats

Oats

The medium feed auger was used. Considerable dust particularly in the finer grinds. Magnetic trap operated well
in catching metallic objects.

Hammer Mill

Kind of

Grain

RESULTS

Grind Capacity K.W./Hr. Cost/Hr. Cost/Bu. Uniformity
Bu./Hr 2c/K.W.H. 2c/K.W.H. Index

Coarse 17.2 3.93 7.86c .46c 1.8.1

Medium 16.9 4.48 8.96c .52c 0.8.2

Fine 6.2 4.51 9.02c 1.44c 0.5.5

Coarse 15.9 3.7 7.4c .46c 1.8.1

Medium 12.6 4.4 8.8c .7c 0.8.2

Fine 5.35 5.6 11.2c 2.1c 0.5.5

Coarse 15.9 3.36 6.7c .42c 1.8.1

Medium 10.6 3.52 7.0c .66c 0.8.2

Fine 6.6 4.0 8.0c 1.2c 0.5.5

Size of Screen Capacity
Bu./Hr

K.W./Hr. Cost/Hr.
2c/K.W.H.

Cost/Bu.

2c/K.W.H.

Uniformity
Index

Wheat 14" Coarse 34 2.62 5.24c .15c 1.8.1

Wheat f^" Medium 19 2.65 5.3c .28c 1.8.1

Wheat i/8" Fine 9.1 2.66 5.3c .58c 0.7.3

Barley lA" 23 2.62 5.24c .22c 3.6.1

Barley 3 »»
16

10.1 2.65 5.3c .52c 1.7.2

Barley W 7.2 2.9 5.8c .8c 0.8.2

Oats lA" 27 2.54 5.0c .2c 0.8.2

Oats 3 "
T6~ 11.4 2.35 4.7c .41c 0.7.3

Oats V%" 11 2.54 5.0c .45c 0.6.4

Very dusty in all grinds. Barley being tough reduced the capacity of the machine. Oats easily broken by the
hammer mill.

Grain Roller

Kind of Fineness of Roll Capacity K.W./Hr. Cost/Hr. Cost/Bu. Uniformity
Grain Bu./Hr 2c/K.W.H. 2c/K.W.H. Index

5.5.0

1.8.1

1.7.2
8.2.0

5.4.1

2.6.2

8.2.0
7.3.0

5.4.1

Wheat

Wheat

Wheat

Barley
Barley
Barley
Oats

Oats

Oats

Coarse Crack 17.5 1.48 3.0c
Medium Crack 10 1.5 3.0c
Fine Crimp 5 1.68 3.4c
Coarse Crack 13.3 1.5 3.0c

Medium Crack 8.0 1.4 2.8c
Fine Crimp 5.0 1.8 3.6c
Coarse Crack 18.4 1.3 2.6c
Medium Crack 10.0 1.4 2.8c
Fine Crimp 6.2 1.7 3.4c

.17c

.3c

.68c

.23c

.35c

.72c

.14c

.28c

.55c

Manufacturer recommends 1 or 2 H.P. motor. Capacity would have been increased if 2 H.P. motor used.

Oat Roller

Kind of Grain Capacity Bu./Hr. K.W./Hr.

Oats 40 1.8

Cost/Hr.
2c/K.W.H.

3.6

Cost/Hr.

2c/K.W.H.

.09

Manufacturer reqpmmends 1 or 2 H.P. motor. jQapacity would have been increased if 2 H.P. motor used.
A reasonably good job of cracking grain is accomplished by putting the grain through a second time.
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Woods Plate Grinder

Kind of Grind

Grain

Wheat Coarse

Wheat Medium

Wheat Fine

Barley Coarse
Barley Medium
Barley Fine
Oats Coarse
Oats Medium

Oats Fine

"Mix-Mill" Hammer Mill

Kind of

Grain
Wheat

Wheat

Wheat

Barley
Barley
Barley
Oats

Oats

Oats

Size of

Screen

14" Coarse
3^" Medium
i/8" Fine
14" Coarse
3^" Medium
Vs" Fine
14" Coarse
j3^" Medium
i/8" Fine

"Sampson-Papec" Grain Roller
Kind of

Grain

Wheat

Wheat

Wheat

Barley
Barley
Barley
Oats

Oats

Oats

Fineness

of Roll

Coarse Crack

Medium Crack

Fine Crimp
Coarse Crack

Medium Crack

Fine Crimp
Coarse Crack

Medium Crack

Fine Crimp

Capacity and Cost Comparisons

Results show the hammer mill

having a larger capacity in bushels
per hour than the plate grinder or
roller in all degrees of fineness. Its
maximum capacity was thirty-four
bushels per hour for wheat through
the 14" screen. Also in the coarse
grind a product of the same uni
formity index is obtained from the
hammermill as from the plate grinder
at about one third the cost, the cost
for electrical energy being .17c per
bushel for the hammermill and .46c

per bushel for the plate grinder. The
plate grinder shows a much higher
energy requirement in the finer
grinds.

The capacity of the grain roller
was approximately one half that of
the hammer mill yet the cost per
bushel is about equal. The uniformity
index of 5.5.0 for wheat in coarse

crack shows a much coarser product

MODULUS OF UNIFORMITY

Weight of 250 gram sample remaining on
No. 8 Screen

13

2
0

18

1

0

18

3

0

No. 28 Screen Into Pan

218 19

202 46

133 117
205 27

207 42

133 117

195 37

190 57

125 125

Weight of 250 gram sample remaining on
No. 8 Screen No. 28 Screen Into Pan

36 191

19 203
1 180

75 155
32 185

1 196

4 190

1 171
1 148

23

33

69

20

34

53

56

78

101

Weight of 250 gram sample remaining on
No. "8 Screen No. 28 Screen Into Pan

121 127 2

28 190 32

222 177 51

193 49 8

130 105 15

59 149 42

205 42 3

176 67 7

137 95 18

Uniformity
Index

1.8.1

0.8.2
0.5.5

1.8.1

0.8.2
0.5.5
1.8.1

0.8.2
0.5.5

Uniformity
Index

1.8.1

1.8.1

0.7.3
3.6.1

1.7.2
0.8.2
0.8.2
0.7.3
0.6.4

Uniformity
Index

5.5.0

1.8.1

1.7.2
8.2.0

5.4.1

2.6.2
8.2.0

7.3.0

5.4.1

than from the plate grinder or ham
mermill. High indexes for all rolled
grains show a bulkier, larger par-
ticled, coarser feed.

Comparing the grain roller to the
plate grinder capacities are much the
same yet the cost per bushel for the
plate grinder is more than double
that of the roller although there is a
considerable difference in the product
as shown by the uniformity index.

In summary, the plate grinder has
the lowest capacity and the highest
energy charge per bushel, the ham
mermill has double the capacity of
the plate grinder, producing a simi
lar product for about one third the
energy charge and the grain roller
similar in capacity and cost per
bushel to the hammermill but pro
ducing a much coarser feed.

Conclusions

1. Capacity of machines decrease
as the grind becomes finer.

2. Power requirements and cost per
bushel increases the greater the
size reduction of the material

being processed.
3. Dustiness increases as fineness in

creases although some machines
were quite dusty even in coarse
grind.

4. Cost increases as moisture con

tent of grain increases (Barley
processed was tough containing
15.5% moisture).

5. Uniformity index shows greater
variation in all modulus degrees
(coarse, medium and fine) in
the grain processed by the ham
mermill compared to the plate
grinder. Much larger parts of
kernels were visible in the pro
duct of the hammermill com

pared to the plate grinder.

Continued on page 34
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Figure 2. Piston Ring Wear vs Time; Lauson H-2 En-
g.ne No. 2; 200°F. Water Jacket Temp.; 140-
I4S°F. Oil Temperature. Note; I, 2, 3, 4, 6—
Sir/ice ML-SAE 20:5 Blend 90% Service ML-
SAE 20% plus 10 Rape Seed Oil.

worn, as shown in Fig. 2. After ap

proximately 25 hours the wear rate
reached a constant value. Service ML

SAE 20-20W and 10% alkali-refined

hours. A blend of 90% Service ML
SAE 20-20W and 10% alkali-refined
degummed rape seed oil was used in
the next test run. The average wear

rate was lowered from 0.G10 mg/hr

to 0.105 mg/hr, or by 83%. This
wear reduction seemed to have a carry

over effect during the next two test

runs with Service ML SAE 20-20W
oil, as shown in Fig. 3. A highly deter

gent blend ol 90% Service ML SAE
20-20W oil and 10% alkali-refined de-

gummed rape seed oil resulted in a
wear reduction of 63% as compared

to Service ML SAE 20-20 oil.

120

110

100

|u.

g> 50

tO 120 160 200 2/.0 280

Running Tlrae in Minutes

Figure 3. Piston Ring Wear vs Time. Service ML
SAE 20 Oil; H-2 Lauson Engine No. 2; 1800
R.P.M. I38°F. Oil Temp. 200°F. Water Jacket
Temp. University of Sask. March 21/57.

The second set of piston rings gave

a similar wear pattern when using
Service MM SAE 20-20W as the base

oil. Faulty instrumentation spoiled
many test runs but wear reductions
of 10 to 40% were observed.

Conclusions

Based on the results obtained there

appears to be little doubt as to the
anti-wear properties of rape seed oil.
However, rape seed oil is a semi-dry
ing oil and at present cannot be safely
used as a crankcase lubricant addi

tive.
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Continued from page 12

6. Where modulus degrees are more

uniform the cost per bushel is
higher although a more uniform
feed is obtained.

7. Rolled wheat and barley showed

more size reduction than oats.

With rolls closer together wheat
and barley cracked while the
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softer oat kernels flattened, still

retaining or even increasing size
in the form of a bulkier flake

resulting in a higher uniformity
index. This resulted in less dust

also.

8. Generally speaking rollers pro
duce a bulkier feed than the

plate grinder or hammermill as
shown by the uniformity index,
at the same time with consider

ably less dust.

9. The cost of hulling oats was very
reasonable, the quality of the
feed being greatly increased for
animals not able to digest heavy
hulls.

10. Different varieties of oats vary

greatly as to the ease by which
the hull may be removed.

11. It was estimated 85% of the hulls
were satisfactorily removed and
separated by the oat huller
tested.

12. Wheat and barley may be cracked
satisfactorily passing through an
impact type oat huller.

13. From the foregoing report it
would appear, depending on the
type of livestock being fed, up
to 10% of the value of the grain
may be spent in processing with
economical results.

In summarizing, it may be seen
from this report different feed pro
cessing machines have different op
erating characteristics resulting in a
somewhat different product. It is
seen the cost per bushel varies directly
as to the type of machine, the meth
od by which the material is reduced
in size, the moisture content of the

grain, the fineness of grind and the
modulus of uniformity obtained.

From the cost calculations derived

here and the type of finished product
obtained by each machine the live
stock feeder can from here by actual
feeding trials establish the most suit
able and economical ration for his

livestock.




