I. INTRODUCTION

MR /B RN a0l ISt i ()T

Development of a Small Size Hammer Mill for Farm Use (II)*
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Since the GNP of Korea has been increasing, the
pattern of food consumption is changed. While the
annual consumption of grain per man was reduced in
the past and projected to be down in the future too,

those of meat, vegetables and fruits were increased and

expected to be grown. In view of this situation, the live-
stock farming would be recommended to the farmers as
main or a supplemental income sources. For livestock
production, the feed is required in any forms. Unfort-
unately, the most farmers raising livestock are pur-

chasing the commercial formular feed which is relatively
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expensive. If farmers would develop a feed self-suf-
ficiency system utilizing homegrown feedstuffs and
agricutural by-products, it would be desirable for in-
creasing farm income. Therefore, it is required to
develop a small and handy feed mill for such a system.

The objective of this study was to develop a small
hammer mill driven by a 3.7-7.5KW (5-10hp) power

tiller for farm use.

H. REVIEW OF LITERATURES

The grinders are generally classified such as hammer
mills and burr mills. Hammer mill can be used for grind-
ing various materials and it is free from significant dam-
age due to foreign objects. Its grinding efficiency is
little affected by the wear of hammers. Most materials
can be ground finely by it, even though, they are fibrous
such as barley and forage. Since the hammer mill has
such advantages, it is relatively often used for feed
grinding.

According to Duffee (1930), the velocity of
hammer tip is one of the most important factors for
hammer mill performance and it is a function of rotor
diameter. O’Callaghan et al. (1963) reported that the
critical speed for power consumption was 75m/sec for
480mm rotor diameter.

Duffee (1930) reports that there is some difference
in performance of thick and thin screens, and screens
that are slightly worn apparently grind finer than new
screens, but if the wear becomes excessive, the opposite
would be the case. Thomas (1958) states that capacity
varies directly with the percentage of open screen area.

The product fineness is proportional to the clear-
ance between the hammer tip and the casing or the
screen. It will vary from 3.2-9.5mm, depending on the
material being ground (Thomas,1958). Friedrich(1959)
has shown that the optimum clearance is 8mm for most
grains.

For the arrangement of hammers, Krueger (1927)
said that four rows of T-shaped hammers gave better
results than two rows on the Rowell mill; also on the
Prater mill three rows gave better results than two rows.

And Duffee (1930) reported that four rows were pre-

ferred to eight rows for T-shaped hammers.

There is an advantage of reducing hammer width
as far as production and efficiency are concerned. By
reducing hammer thickness from 8mm to 3mm,
capacity and efficiency are increased by 15% and 15
hammers per 100mm of rotor width is desirable (Fried-
rich, 1959).

Thomas (1958) states that an increase in feed rate
is associated with a coarser end product. Also, power
requirement is directly proportional to the feed rate.

Chang et al. (1983) report that the economical
power requirement of hammer mill for Korean farm is
at least 3.7KW (5 hp).

III. DESIGN OF PROTOTYPE HAMMER MILL

The prototype hammer mill was designed by the
following criteria. It should be:

1) Able to be driven by the 3.7-6.0KW (5-8 hp) power
tiller.
2) Small and economical for farm use.
3) Able to grind grains and agricultural by-products.
4) Easily operated.
The final prototype hammer mill was designed

with the above criteria as the following:

A. Power Requirement

According to Chang et al. (1983), the otpimum
power requirement of hammer mill for Korean farm is
at least 3.7KW (5 hp). Since 3.7-7.5KW (5-10hp) power
tillers are currently used at farm, the power requirement
of prototype is design to be 3.7-6.0KW (5-8hp).
B. Diameter and Speed of Rotor

It is very important to determine the optimum
diameter and rotating speed of rotor which are do-
minating factors for the performance of hammer mill.
They are designed by the test results of O’Callaghan et
al. (1963), which indicate that power requirement be-
come independent of mill speed above 3000 rpm when
rotor of 480mm was driven by 3.7KW.
C. Power Transmission

When the power transmission system is designed,

the pitch diameter of pulley is determined by the pitch
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diameter and rotating speed of power tiller’s pulley. The
pitch diameter of V-pulley is 55mm and three B-type
V-belts are used. A regular hexagopal rod of 15mm edge
length is used for main shaft for supporting discs and
strength. KBC Bearing #6205 (C = 1090 Kg) is selected,
which is suitable for high speed.

D. Rotor Assembly

When the rotor assembly is designed, several ele-
ments should be designed for hammers such as arrange-
ment, support, number, type, thickness, width and size
of hole.

The hammers are arranged with 4 rows based on
the studies of Krueger (1927) and Duffee (1930). Also
spacer is designed to maintain the arrangement of ham-
mers and its diameter is 200mm and thickness is 4mm.
Hammer support is a swing-type in consideration of

safety and easiness of manufacturing and services. The

number of hammers are 16. Friedrich (1959) claimed
that 15 hammers per 100mm of rotor width are desir-
able. O'Callaghan et al. (1963) report that though the
number of hammers are increased, performance is not
improved proportionally. The shape of hammer is rect-
angle for effective grinding and easy manufacturing, and
its thickness is 4mm based on Friedrich (1959). The
width of it is 30mm as reported by Duffee (1930) and
O’Callaghan et al. (1963). The length and hole diameter
of hammer are designed as 180mm and 13mm, re-

spectively. The diameter of rod holding hammers is

13mm which is designed by the stress analysis.
E. Clearance
The clearance between tips of hammers and screen
is 8mm as reported by Friedrich (1959).
F. Position of Intake

The position of feed intake is located on the peri-
phery between 12 and 1 o’clock, which is recommended
by Duffee (1930) and Friedrich (1959), though there
are two feeding methods, one at the center of the rotor
and the other tangential to the rotor.

G. Screen
Screen is a very important design factor which is

seriously affecting the performance of hammer mill.

Screen design includes screen holder, hole diameter of
screen and total area of holes in the screen. The length
of screen holder is 540mm and its width is 1 51mm. The
length and width of screen are 535mm and 150mm,
respectively. The diameters of holes in screen are
6.35mm, 4.76mm, 3.18mm and 2.38mm and the total
area of holes in the screen is 40% of that of screen.

Table ! shows the main specifications of the pro-
totype designed as the above. A drawing of the rotor
assembly is shown in Fig. 1, which is an essential part of
the prototype and Fig. 2 shows the picture of hammer
mill operated by a power tiller.

IV. MATERIALS AND METHODS OF PER-
FORMANCE TESTS

In order to test the performance of the prototype

Table 1 Specifications of the prototype hammer mill

Element Specification Element Specification
Power required 3.7-5.2kw Screen:
Rotor diameter to tip 480mm Inside diameter 496 mm
R. P. M. 3000 Width 150 mm
Hammer: Length 535 mm
Number 16 Thickness 1 mm
Arrangement 4 row Feeder Semiautomatic
Width 30mm Bearing Ball{=6205)
Length 180mm Pulley:
Thickness 4mm Type V- pulley
Shape Rectangular Diameter 65 mm
Support Swinging Height 1300 mm
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Fig.1 The drawing of the rotor assembly.

Fig.2 The prototype hammer mill operated by

a power tiller.

hammer mill, experimental investigation was carried out
as the following:

1) The experimental work was conducted with a
prototype hammer mill driven by a 8hp power tiller
(Kukje Machinery).

2) The tested materials were barley, shelled corn,

rice straw and forage. Barley was a squirreltail bareley

and its moisture content and temperature were 11-12%
(w.b.) and 24-25°C, respectively. Corn was a synthesiz-
ed variety of Buyeor family that moisture content was
13.5-15.5% (w.b.), and temperature was 16-18°C. Rice
strdw came from a japonica rice variety; moisture con-
tent was 11-13% (w.b.) and temperature was 21-22°C.
Forage was composed of several kinds of grasses and
dried under the shadow; moisture content was 18.5-22%
(w.b.), and temperature was 21°C. Rice straw and for-
age were cut to 3-5cm by forage cutter and fed to ham-
mer mill, in order to make it easy to feed.

3) The factors studied in this performance test
were grinding capacity, fineness modulus (FM) and uni-
formity, particle sizes, and temperature rise of product
during reduction, which should be subjected by screen
openings and feed rates. In experimental design, screen
openings were 6.35mm, 4.76mm, 3.18mm and 2.38mm
and feed rates were controlled by a sliding gate of hop-
per as 1/3, 2/3 and 3/3 of flow rate of full opening. All
tests were conducted with three replications. Since it
was not easy to control the feed rates for rice straw and
forage, only 3/3 feed rate was applied for them.

4) In tests, power requirements were measured with

a prony brake, V.S. Motor (15 hp), recording wattmeter

and stop watch. Temperatures were measured by a
digital thermometer, and moisture content by the oven
method. Modulus of fineness and uniformity were an-
alyzed according to the ASAE R246.1 and particle sizes
by ASAE S319.

V. RESULTS AND DISCUSSION

Table 2 to 5 show the test results of the prototype
hammer mill. The results are the average values of three
replications. The fineness modulus and mean diameter
indicate average particle size. The uniformity modulus
shows. the fineness distribution of ground feed. Per-
formance is expressed by weight per unit power and
time for griding capacity. Temperature shows the tem-
perature rise of ground feed during grinding.

According to these results, the maximum power
requirement for barely was 1.9kw; 5.3kw for shelled

corn; 1.3kw for rice straw; 1.6kw for forage. They can
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be driven by the 3.7-6.0kw (5-8hp) power tiller without which governed the feed rate per time.

any problems. The average grinding capacity of the prototype for

The difference of power requirement between barley is 82.7kg/kw.h with particle diameter of 543

barley and shelled corn was due to the different density microns; for shelled corn, 132.7kg/kw.h of 408 microns;

Table 2 Results of performance tests of prototype hammer mill for barley.

Item ] Uniformity Particle
eed Fineness | modulus® Power |Performance | Temp
Seren modulus | ¢ g Mean din | g g gy | required| (g /kwh) | (C)
openings Microns) (kw)
1/3 3.5 1 7 2 679 2.2 0.7 82.6 8.1
6. 35mm 2/3 3.5 1 7 2 682 2.1 1.2 104.5 8.4
3/3 3.4 1 7 2 700 2.2 1.9 115.3 8.7
1/3 3.0 0 7 3 515 2.1 0.9 69.7 10.1
4.76mm 2/3 3.1 0 7 3 519 2.1 1.2 80.5 11.7
3/3 3.1 1 7 2 557 2.2 1.6 100.8 11.9
1/3 2.7 0 6 4 401 2.0 0.7 46.5 10.9
3.18mm 2/3 2.7 0 6 4 415 2.0 1.2 67.6 11.2
3/3 2.7 0 6 4 420 2.1 1.6 77.0 11.9
Mean values 3.1 543 1.2 82.7 10.2
*¥C=Coarse M=Medium F=Fine
* % Standard deviation = (Particle dia. at 84 % probability) / (Particle dia. at 50 % probability)
Table 3 Results of performance tests of prototype hammer mill for shelled corn.
Item Uniformity .
Feed Fineness | modulus® Particle Pow?r Performance [ Temp.
Screen. rate modulus C M F Mean dia Stand.dev™ re?::vged (kg / kw-h) (t)
openings (Microns)
1/3 2.8 1 5 4 427 2.0 1.1 141.5 8.7
6. 350m 2/3 2.9 1 5 4 454 2.0 1.6 180.9 8.5
3/3 2.9 1 5 ¢4 469 2.1 2.4 205.0 7.5
1/3 2.7 0 6 4 410 1.8 1.2 112.8 7.3
4.76am 2/3 2.7 0 6 4 423 1.8 2.1 159.6 7.7
3/3 2.8 0 6 4 433 1.9 2.4 175.3 7.3
1/3 2.5 0 5 5 359 1.6 1.5 117.9 10.6
3.18mm 2/3 2.6 0 6 14 385 1.7 2.3 90.9 9.5
3/3 2.7 0 6 4 416 1.7 4.4 131.4 11.8
1/3 2.4 0 4 6 333 1.6 1.6 79.7 9.8
2.38mm 2/3 2.6 0 6 4 381 1.6 4.8 97.4 12. 1
3/3 2.7 0 7 3 405 1.6 5.3 9.4 12.1
Mean values 2.7 408 2.6 132.7 9.4
* C==Coarse M=Medium F =Fine

% * Standard deviation = (Particle dia. at' 84 % probability) / (Particle dia at 50 % probability)
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Bble 4 Results of performance tests of prototype hammer mill for rice straw.
Item Uniformity
Fee Fineness | modulus® Particle Power Iperformance| Temp.
rate - required
Screen modulus | oy g Mo AR g ddet? | (ov) | (& /kweh) ()
openings {Microns)
4.76 mm 3/3 3.1 1 6 3 512 2.4 1.0 20.8 4.9
3.18 mm 3/3 2.4 5 330 2.0 1.5 14.8 8.7
2.38 mm 3/3 2.1 4 6 269 2.0 1.3 12.9 10.2
Mean values 2.5 370 1.3 16.2 7.9
Table 5 Results of performance tests of prototype hammer mill for forage.
Item . Uniformity Particle b
Feed Fineness [ modulus* OWer performance| Temp.
rate - required
Screen modulus C M F Mean dia. Stand.des” (kw) | k& /kw-h) (t)
op enings (Microns)
4.76 om 3/3 3.2 2 6 2 582 2.4 0.8 25 .5 4.2
3.18 mm 3/3 2.6 1 5 ¢4 386 2.4 1.6 20 .8 7.0
2.38 mm 3/3 2.4 0 5 5 333 2.1 1.0 17 .8 10.5
Mean values 2.7 434 1.1 21 .4 7.2
* C=Coarse M=Medium F=Fine
* % Standard deviation= (Particle dia. at 84 % probability)/ ( particle dia. at 50 % probability)

for rice straw, 16.2kg/kw.h of 370 microns; for forage,
21 .4kg/kw .h of 434 microns. Comparing them with
those of others which are commercially available at
home and abroad, they are not less than others (Chang
et al., 1983).

The fineness modulus are ranged from 2.7 to 3.5
for barley and from 2.4 to 2.9 for shelled corn. Com-
paring these with the fineness of grinding recommenda-
tions for livestock (Chang et al., 1983), feed can be
ground with the reasonable fineness.

The modulus of uniformity was slightly different

to each feed and more balanced as the screen openings

became larger. Therefore, if coarsely ground feed is re-
quired, it is recommended to use large screen openings.

When feed was ground, temperature rises of ground
feed were checked for each feed. The average rises were
10.2°C for barley, 9.4°C for shelled corn, 7.9°C for rice
straw, 7.2°C for forage. Since it is reported that the
temperature over 40°C may destroy the nutritional ele-
ments of feed and cause the storage problems, the above

rises are belonged to a safe range as compared with the

above criterion. Therefore, the design of the prototype
would be reasonable.

The effects of feed rates and screen openings on
grinding capacity are shown in Fig. 3 and 4. They were
statistically analyzed and results showed that feed rates,
screen openings and interactions of two factors had the
significant effects on grinding rates of bareley and shel-
led corn at the 5% level; for rice straw and forage, screen
openings only.

Fig. 5 and 6 show the effects of feed rates and
screen openings on fineness modulus of ground feed.
They were examined statistically for each feed, too. The
results showed for barley and shelled corn that feed
rates, screen openings and interactions of two factors
had the significant effects on fineness modulus at the
5% level; for rice straw and forage, screen openings was
significant at the 5% level.

The effects of feed rates and screen openings on
geometric mean diameter of ground particles (Fig. 7 &
8) were analyzed statistically. For shelled cotn grinding,
feed rates and screen openings had the significant effects
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Fig.3 The effects of feed rates and screen
openings on grinding capacity for
barley and shelled corn.
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Fig. 4 The effects of screen openings on
grinding capacity for rice straw and
forage.

on geometric mean diameter at the 5% level. For barley
grinding, only screen openings had the effects. The re-
ason of the different effects between shelled corn and
barley grinding may be due to the physical characteri-
stics of barley which is harder and smaller than shelled
corn. For rice straw and forage grinding, screen openings
also had a significant effect on geometric mean diameter
within each feed rate at the 5% level.

As the results indicate, feed rates and screen
openings are very important design factors, and give
significant effects on the performance of hammer mill.

The fineness moduli of ground feed are also within the
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Fig.5 The effects of feed rates and screen
openings on fineness modulus when
grinding barley and shelled corn.
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Fig. 6 The effects of screen openings on
fineness modulus when grinding rice
straw and forage.

range recommended for livestock. Therefore, it would
be evaluated that the prototype hammer mill is designed
reasonably. But, since some particles were dispersed out
during grinding operation, it would be desired to de-
velop an effective receiving hopper for ground feed.

V1. CONCLUSIONS

The following conclusions may be drawn from this

study:

1. The average grinding capacities of the prototype

hammer mill were 82.7 kg/kw'h with particle diameter
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Fig. 7 The effects of feed rates and screen
openings on particle diameter when
grinding barley and shelled corn.

of 543 microns for barley, 132.7 kg/kw.h with particle
diameter of 408 microns for shelled corn.

2. From the grinding tests, the power requirements
were analyzed such as 0.7-1.9 kW for barley, 0.7-5.3 kW
for shelled corn, 1.0-1.5 kW for rice straw, 0.8-1.6 kW
for forage, which could be driven by 3.7-7.5 kW (5-10
hp) power tiller.

3. When material was ground, the average tempera-
ture rise of ground feed was about 7.2-10.2°C. In view
of nutritional destruction and safe storage, it was within
a safe range.

4. It was proved that the prototype could be used
for grinding rice straw and forage as well as grains.

5. Feed rates and screen openings were very im-
portant design factors, and gave significant effect on the
performance of hammer mill at the 5% level. And fine-
ness modulus of the ground feeds were within the range

of the grinding recommendations for livestock.
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