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RESIDUES FORMING MACHINES
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ABSTRACT

This study was done to investigate design factors relating to auger-
pelleting machine performance. For this, two augers of high and small
pitch to diameter ratios: (5.2/3.92) and (3.1/11) were used with 3, 8,
andI0 mm muiti-hole die plates. Wheat sifting residues as mill-
byproducts of 25, 30, 35, - and 40% moisture content on wet basis were
pelleted at 10, 30, 60, and 100 rpm auger speed. Molass was mixed at §,
10, and 135% retaining the mixtures at 25% m.c.

Pelieting pressure determining and torque measuring instruments were
constructed. Tumbling tester was carried out according to ASAE
standards 1996. Residues température rise was measured by a
thermocouple ‘k’. To estimate the role of heat addition, the mixture was
preheated to 50 and 70 °C.

Results for the high pitch to diameter ratio auger-pelleuzer showed
over (25-40%) m.c. with S mm die, an increase of 14.4% in productivity
from 2.214 kg/h, 10% decrease in  torque from 14.833 N.m_, 21%
decrease in specific energy from 7.016 kW.h/ton and 22% decrease in
forming pressure from 58.93 bar. For (5-10) mm die, specific energy
decreased 50 % due to less dead area ratio and less friction area for open
die, but it augmented 58.7% over (10-100) rpm because of less
productivity per revolution as well as higher material forming resistance
at higher compressing rates. Unit-density for the sun-dried pellets reached
1188.5 kg/m’. Power efficiency ranked 18.1% due to high power
dissipation in pelleting machines. Material temperature-rise reached 14.4
°C. Durability. index reached 98.2% for residues mixed with 15%
molasses over 90% for the untreated sample. :

Results for heat addition showed an improvement in peilels durability
and a reduction in torque requirement, but iotal specific energy including
heating highly increased.
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Results for the small pitch to diameter ratio auger-pelletizer showed
that specific energy, pelleting pressure, density, etc. were all fairly less
than those for the high ratio auger-pelletizer due to lower forming-die
resistance. B

Establishing a general theory on pelleting operation showing predicted
equations of productivity increases with auger speed at a diminishing rate
but almost linear with auger volume. Power increases with speed ata
higher increasing rate rather than with pellctizer size,

I- INTRODUCTION

Agglomeration or densification facilitates handling, feeding, etc. This
technology comprises compression of bulk materials against closed or
open-end forming die plates.

Simmons (1963) showed that pelieting machines have stationery or
revolving, flat or ring type dies in a vertical or horizontal plane through
which the meal is extruded by compression pistons, worms or rollers, the
resulting cubes or pellets are cut off by stationery or revolving knives.

Bernacki et al. (1972) illustrated the principle of baling in an open
chamber consisting of a piston pushing a newly delivered material
portion to a series of previously formed wafers, to form a new wafer
piece. Reaction required to form a wafer is thus caused by the shifting
resistance of all the wafers situated in the chamber. Tn such a device, the
work spent to overcome shifting resistance is useless. In a closed
chamber, the delivered portion is compressed against the chamber outlet
wall that deflects at a certain pressure releasing the wafer outside. A
continuous baling process with a tapering auger also absorbs a
considerable amount of energy during shifting the material.

Factors affecting pelleting technology are material properties such the
species, the material’s structure, temperature and moisture content, etc,
and the machine specifications such the pressure applied, velocity of
pelicting and dic geometry design, ctc., Pickard et al (1961) and
Rehkugler and Buchele (1969). ) '

Sitkei (1986) stated that energy requirement in pelleting machines
comprises pressing work :and pushing or friction work. The latter
increases as die hole decreases, Energy requirement also increases for
thicker dies that produce stronger pellets.
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Heldman and Lund (1992) illustrated that the operating point for an
_extruder as the intersection of the screw and the die characteristic curves.

Sitkei (1986) stated that with increasing moisture content, many
agricuitural materials assume plastic properties, facilitating compression.

Orth and Lowe (1977) found in experiments done with an
experimental reciprocating extrusion press that the density, durability,
and system temperature was dependent on the moisture content of the
material, Below 12% m.c. on wet basis, stable wafers could not be
formed. With increasing moisture content, the durability and the density
increased to a maximum at 14% m.c. and up to 20%, decreased.

Watfa (1999) used a screw-manual pelletizer fitted with multi-hole
die plates to form wheat dust conditioned with water and binding agents.
He found that heat application is a complementary part in pelletization.
Further research ‘is required to investigate the effect of the auger
dimensions on the process.

I-MATERIALS AND METHODS

3-1-Auger-pelleting machine: _

This machine, Fig.l1 and schematically shown in Fig2 consists of an
auger, housing with feeding bin, a set of multi-hole forming die plates
and an iron base for mounting all the components. The motor (0.5 kW)
fited with a speed reducer (28:1 ratio) is coupled with the auger by a
coupling. A “T.verter” (0-120 Hz) is an electrical device that controls the
motor speed by varying the current frequency. Two auger-shell sets
(shown in Fig. 3) with their die plates detailed in table (1) were used in
this study.

Table 1: Auger-shell pelletizers specifications:

ITEM PEL.! PEL.2
Auger pitch to dia. ratio (cm/cm). 5.2/3.92 3.1/11
Auger inside dia. and length (cm). 1.92-16.5 8.59.0 -
Shell outside and inside dia. (cm). 5.0-3.93 12.5-11.01
Die plate hole diameter, length (mm) 5-8-10, 22 5-8-10, 10

3-2-Test plant residues:
Plant residues included wheat sifting residue mixture from Shubra
Mil! in Cairo.('o)lml o 1l Q;Un.n).
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Fig. 1. Photo of pelleting machine.

Tnlet
friction bearing T4 holed plate
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Fig. 3- a. Photo of augers. Fig. 3-b. Photo of die plates.
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3-3-Bonding materials:

Bonding materials compnse
Water: tap water, and
Molasses: from “Sugar-Cane Co."{Auaal gl ¢ Sl canad 38 )
3-4-Machine productivi

Pelletizer productmty was measured with the help of 2 d:g:tal stop-
watch of 0.1second accuracy and a balance of 1 g. accuracy.
3-5-Forming pressure: -

To measure pelleting pressure developed upon the die plate, the la.tter
(Fig. 2) was set free to be pushed out by the moving mixture against
compression springs whose reduction {AL) indicates the pelieting force.
Then:

P=k.AL/A (N/em®)......... ¢))

Where: '
k: springs set stifﬁ-ms, Nfem; AL: springs’ reduction, cm. A: total die
plate passage area, cm* as:
A= Ny.(n/4).d*, where:
Ny die plate holes number; d: die hole dlameter cm.

3-6-Torque measurement: :
To measure torque required to - Spring

operate the auger-pelletizer, the dyaamometor
bam?l '(Fig.4) was installed inside 8 aml ' Auger
a frictionless bearing and was free .1 392mm Torque:

o rotate relative Lo the auger axis.
An arm was fixed with the barrel
to keep it from rotating together
with the auger by means of a
spring dynamometer hoiding the .
arm. Then: Fig. 4: Schematic of torque

' measurement setup.

T=F.r (Nm) ......... 2)
Where:
T: torque (N.m), F: the force reading on the dynamometer scale, N.
r: the distance from the dynamometer to the auger axis, m.
3-7-Power efficiency:
Power or pumping efficleacy is determined as:
n%=(q. Ap/P)x 100 ........... 3)
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Where:

q: volume flow rate through the-die plate, m%s, and _

q= m/p, where: m : productivity (kg/s) and p: pellets density, kg/m’.
Ap: forming pressure, N/em®; P: mechanical power input (Watt) as:
P=T. 2 n /60, n: rpm. :

3-8-Energy requirement:

Energy requirement is determined as:

S.E.=(P+HYm ......... 4

Where:

H: heating power, (Watt) as:

H = m'.Cp.At, where: -

Cp: material specific heat, (J/kg. °C.) upon Rao and Rizvi mode!, 1995.
At: preheated material temperatue rise prior to feeding, °C.
3-9-Durability test:

A durability tester, Fig.5
was constructed in Eng. Dept.,
Agric. Col., Ain Shams Univ.
according to ASAE standards,
1996. It is fitted witha 23 cm
baffle fixed symmetrically to a
diagona} of 30 cm dimensions
box_side for tumbling. It is
hand rotated about an axis
placed inside friction bearings
fixed on a stand. A speed
indicator at 50 r/min is
connected with the shaft. A
500 g. sieved sample of pellets
are placed in the box and
tumbled for 10min,

Fig. 5: Photo of pellets durability
: tester.
Durability index is defined as:
Durability % = Intact or undamaged pellets mass .100
pellets mass before tumbling
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IV-RESULTS AND DISCUSSION

Experiments for the high and smalil pitch to diameter ratios : (5.2/3.92)
and (3.1/11) auger- peiletizers were done with wheat sifting residues at
different operating conditions.

4-1-High pitch to diameter ratio auger-pelletizer results:

Figure 6 shows that productivity increases due to increased material
bulk density with increased moisture content. Tt increased as shown in
Fig. 7 at a decreasing rate with speed due to an increased number of flow
interruptions by the flighting at the intake. Figure 8 shows that torque
generally decreases with moisture content because of improved material’s
fluidity and formability. It slightly increased with auger speed as shown
in figure 9 as a result of shorter duration of compression. Torque
decreased over (5-10) mm die because of lower forming die resistance.
Figure 10 shows that power varies nearly linear with speed since torque
variation is slight as evident from Fig.9.

Specific energy decreased about 21% from7. 016 to 5.551 kW.h/ton
over (25 - 40%) m.c.. it also decreased about 50% over die hole (5 - 10)
mm due to less dead area ratio and less frictionel die surface for the Iast.
Anyway it increased 58.7% over (10-100) rpm because of less
productivity per revolution as well as higher material forming resistance
at higher compressing velocities. ,

As many agricultural materials assume plastic properties, facilitating
compression at increased moisture contents, Fig. 11 shows a 22%
decrease in forming pressure from 58.93 to 46.15 bar over (25 - 40%)
moisture content. It also decreased about 64.5% over (5-10) mm die due
to decrease in dead area proportion by 29% and decrease in die friction
surface by 22% that express die plate’s resistance to material formation.
A slight increase of 6 % over (10 — 100) rpm auger speed for 5 mm die is
expected as a result of increasing the velocity of compression.

Unit-density that is determined by dividing pellets weight on their
volume, reached 1347 kg/m’ immediately after extrusion for S mm die
and1188.5 kg/m’ after being sun-dried.

Drying period lasted up to 12.5 h for 10 mm diameter pellets of 40% .
m.c. at June 2001 in Shubra Ei-Kheima (Fac. of Agric.).
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Power efficiency ranked 18.1% due to high power dissipation in
pelleting machines. Material temperature-rise reached 14.4 °C as a
maximum for § mm die at 100 rpm.

4-2-Addition of heat:

Wheat sifting residue at 25% m.c. on wet basis was heated to 50 and
70 °C temperatures inside an oven then fed to the pelletizer inlet.

A slight mmcrease in productivity at about 2 and 5% was observed for
wheat sifting residues inlet temperatures 50 and 70 °C respectively over
25 °C. This is attributed to improved material’s fluidity and compaction
with heating, but the auger feeder is ¢ssentially positive displacement.

Fig. 12 shows mechanical power input (article 3-7) as a function of
mixture inlet temperature for different die plates. It states a reduction of
16.7% and 33.3% in mechanical power from 15.533 Watt for 5 mm die at
10 rpm due to heating the mixture from 25 to 50 and 70 °C respectively.
This insinuates that the mixture cohesion and adhesion decrease with
heating, permitting the same volume to protrude at a lower pressure.
Anyway total power requirement including heating highly increased as
evident from Fig. 13. ' .

A significant improvement of 8.4% in pellets durability was noticed
with heating. This could be understood through the action of starch
liberation as an adhesive with the existence of sufficient heat and water.

4-3-Small pitch to diameter ratio auger-pelletizer results:

Productivity is almost the same for the three tested dies since their
passage areas are very close to each other. Also, productivity per
revolution relative to the small pitch to diameter ratio auger capagity is a
little higher by 10% than that for the high pitch to diameter ratio auger.
This might be attributed to higher forming resistance for the latter die
plates. Anyway output with 5 mm die hole plale was greater by only
165% than that for the high pitch ratio pelletizer despite 450% increase in
die plates’ passage area. This is altributed to the fact that the operating
point for an extruder is an intersection between the screw and the die
characteristic curves.

Specific energy was in general less than those for the high pitch ratio
by 26.7%, 19.6% and 15.5% with 5, 8 and 10 mm die hole respectively.
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This is mostly due to reduction in both dead area ratio by 28.5%, 25.2%
and 17% and die length by 220% for §, 8 and 10 mm die respectively.

Forming pressure was less by 30%, 22.8% and 19.2% than that for the
high ratio pelletizer with 5, 8 and 10 mm die respectively due to less
passage resistance' encountered by the mixture moving through the
forming die. Temperature rise, pellets durability and density were all
fairly less than those for the high ratio set. Power  efficiency reached
18.14% (as highest) which is almost the same for the high ratio.

4-4-General th r the screw-pelletizer design operation;

Screw pelletizer performance parameters are functions of: (2) design
variables, (b) operation variables and (c) material variables. For
dimensional analysis, the pertinent quantities with the basic dimensions
in terms of mass (M), length (L), time (t) and temperature (0) are listed in
the following table:

Table 2. Pertinent quantities in the auger-pelletlzer dimensional analysis.

Symbol Description of quantity "~ Units
‘ Geometry
\'% Auger volumetric-capacity perrevolution: - T
A Total die area (passage area). L?
* Material
h) -Initial bulk density. S M/L?
t Feeding temperature. 8
Ce Speclﬁc heat. Ly e.¢
Operation
m Productivity: mass per unit time. M/t
T Torque required to turn the system. M.L¥+
p Forming pressure. M/L.?
n Rotational speed of the auger shaft. Vi
g Gravitational acceleration L/
Following functional relations could be established:
m=fp, A,V,np)....... 5
T=1(p,A,V,n,p)...cc.... (6)
Application of Buckingham (pi) theorem (White, 1986} results:
m/A.p2p"? = f{n V2. o', VA ......... Q)
Tip.AY  =fln. V" p"%p" V¥3/A) ......... (8)
P. p"/A.p¥* = fn V2, p"%1p'?, V¥YA) ......... 9)
10 The 10 Annual Conference of the Misr
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Where: P: mechanical power input, (M.L¥*).
Auger capacity per revolution, V{cm?):
V=n/4,(df - d7). (p —t), where:
dy: auger outside dia. (cm), d;: auger root dia. (cm) , p: auger pitch (cm).
t: flighting thickness (cm).
Die plate passage area, A(cm?):
A =N, . (/4 ). &, where:
Ny, : die plate holes number, d: die plate hole diameter, cm.
Table 3. Auger volumetric capacity per revolution, cm’.

de(cm) dy{cm) Dbp(cm)  t(cm) V (cm’®)

High ratio 3.92 1.92 52 0.5 43.115

Small ratio 11 . 85 3.1 0.55 07.635

Table 4. Auger-pelletizers die plates’ dimensions.

Pelletizer Dic N, dlem) Alem?) A/VE

High ratic-auger set 18 0.5 3.53 0.287
9 0.8 4,52 0.368
7 1 8.5 . 0.447

Smail ratic-auger set 99 0.5 19.44 0917 .
42 0.8 2111 0996 -

.28 1 21.99  1.037

o W) -

Avcrage of A/V®° pi term values per pelletizer was adopted as a
parameter.,

Fig.t14 shows that productivity incresses at adummshmg rate with
auger speed, but fairly less than linear with auger capacity. It could be
fitted by a power function according to system dimensions (pi)term
values as:

[m/A/Lp.p)] = a; . [0.V2.(p/p)2)°; for AlV =q;......... (10)

Coefficients of regression for eq. (10) are as follows:
AV 2 b

0.3673 7.59608E-5 0.911
0.9832 3.11477E-5 0.90432

Assuming coefficients of regression a and b, vary linearly with AIV’”
then eq. (10) could be generalized as:
[m/A/(p.p)'?] = [10.287 - 7. 276(AIV”’)]E-S[n.Vm (p/p)* 1"

Figure 15 shows that torque increases slightly with auger speed. Fitting
then generalizing results:
(Tip.A¥)] =a; +b; . [n.V2.(p/p)?) ; far VP/A=¢; .........(12)
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AV 8 b]

- 0.3673 0.041758 7.357495-6
0.9832 . 9.8636E-3 1.38524E-6

[TApA™)] = [60.779 - SLTS(A/VT)E-3 + [10919 -
9.697(A/VP)E-6 [.V™.(p/P)"*] «.evevens(13)

Figure 16 shows that power increases. at increasing rate with auger
specd, but fairly higher than linear with auger capaclty Fitting then
generalizing results:

(P. p"zlA.p”’] =&.[n.V" (p/p)'"] s for VA= ......... (14)
ANV 3 b

~0.3673 1.61694E-3 1.09579

0.9832 0.65267E-3 1.08652

[P. p/APT] = [219.199 -156.56.!(AIV“‘)]E-5 V2.t

m=f{p, A, V,n,Cp t, g).........(16)
P=flp, A, V, 0, Ca t, @).........(17)
Dimensional analysis approach fabricates:
m/(p.V*%.g "= fIn/(A “.8"%), AIV?, Cpti(V™. gl...(18)
P/ p.V™. g’"}= fin/(A*.g"%), AV, Crl(V'.8)] ...(19)
Figure (17) shows a slight increase in productivity at higher mxxture
feeding temperatures. Fitting then generalizing results:

m/(p. V¥ g yma, [0/(A g D)) b [n/(A”‘ g F; ...20)

Q) SRR w b
0.287 25 _ 1.1268 1.35 0.01464
0.368 50 2.2536 1.3786 0.01522
0.447 70 3.155 1.4174 0.01537

m/(p. V=, g y={1.3103+0.0329C,.t/(V"".g)]. [/(A™ .g™)|-
0.01508[n/(AM.g"»)P ...21)

Figure (18) shows a considerable decrease in mechanical power
requirement with heating.

PA p.V™.g"%)= ai. (A gD ...(22)

AV 1{°C) Coti(Vie1 & b;
0.287 25 1.1268 5.5805 1.0889
0.368 50 2.2536  4,6488 1.0903 -
0.447 70 3.155 3.732 1.08633

P/( p. V5.2 )= [6.6317-0.9079 C,.t/(V™-g)l. [(AT g™ 7 (23)
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V- CONCLUSION

1-Auger-pelieting machine is suitable for agncultural residues size
reduction in little farms.

2-Pellets produced from this unit is appropriate for handling conditions
(feeding, storing and transporting).

Establishing a general. theory on pelleting auger-machine design and
operation showing predicted equations of productivity increases with
auger speed at a diminishing rate (powered to 0.908) but almost linear
with auger displacement (powered to 0.9693). Power required for
pelleting increases with speed of rotation at a higher increasing rate
(powered to 1.091) rather than with pelletier size (powered to 1.0303).
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