promoting access to White Rose research papers

/ "White Rose

; Research Online

Universities of Leeds, Sheffield and York
http://eprints.whiterose.ac.uk/

This is an author produced version of a paper published in Wear.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/3520/

Published paper
Camacho, J., Lewis, R. and Dwyer-Joyce, R.S. (2007) Wear of a chute in a rice
sorting machine, Wear, Volume 263 (1 - 6), 65 - 73.

White Rose Research Online
eprints@whiterose.ac.uk



WEAR OF A CHUTE IN A RICE SORTING MACHINE

J. CAMACHO, R. LEWIS*, R.S. DWYER-JOYCE

Department of Mechanical Engineering, The Universitgbéffield, Mappin Street, Sheffield, S1 3JD

*Corresponding author

ABSTRACT

In a rice sorting machine, rice grains drop ontd siide down an anodised aluminium chute.
The purpose of the chute is to separate the gamidrovide a controlled distribution. At the
bottom of the chute the grains are examined opficald contaminants or defective grains
are removed from the stream by jets of air. Thehimagchas the ability to sort low quality

rice which contains a large element of contaminauoish as husk. The husk is extremely
abrasive and this, along with other factors, cad @ a reduction in the life of the chute by

wear of the surface.

In this work a failure analysis process was undterato establish the nature and causes of
the chute surface wear and the mechanisms of rakatemoval. Wear occurs initially at the
location where the grains first strike the chutel @t subsequent regions down the chute

where bounce occurs.

An experimental and analytical examination of tloe motion on impacting the chute was

also carried out along with some friction testirigpotential replacement chute materials.

The evidence gathered during the failure analysisgawith the experimental analysis was

used to propose possible material/design improvésnen
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1 INTRODUCTION

Food sorting or processing equipment is susceptibl@ost types of wear, although due to
the nature of the products, for example sugar,gieéns, corn etc., which are small particles,
the wear is usually abrasive or erosive in natuery little work has been published in this

area, however, and most seems to focus on weagaf processing equipment [1, 2].

The case study presented here is on a chute frooe gorting machine, which is illustrated
schematically in Figure 1. Rice enters the machiimeugh the input hopper and is vibrated
towards the anodised aluminium chute along a ffég rice drops off the edge of the tray
onto the chute and slides down. The chute has ffeetef separating the grains so they
arrive at the end in a continuous stream. At thé ehthe chute there is a detector head
consisting of a number of cameras. An image isrtaKeeach grain as it passes the head. The
image is quickly processed and compared to a mderstandard that is used to accept or
reject the grain. A series of air jets controllgdhigh speed poppet valves are used to blow

the defective grains or contaminants out of theastr

The machine is very effective at rapidly sortingeriand other granular foodstuffs. The
process can be used to sort lower quality andedirice to remove husk and contaminating
particles. Using the machines for increasinglyydptoduct has meant that greater wear has
occurred as this type of rice has a large elemériiusk present and other contaminants

which are highly abrasive.

The aim of this work was to examine a worn chuteestablish what type of wear
mechanisms occur. A series of material surfacernreats were evaluated for friction and
wear performance as possible replacements forhhte csurface. In addition, a high speed

video technique was used to examine the behavibundovidual rice grains as they impact



the chute. The intention was to use this infornmatmpropose possible design improvements

to the chute to reduce wear problems and incréaskfe of the chute.

2 CHUTE ANALYSIS

Figure 2 shows a simplified schematic diagram ef ¢hute that was analysed. The chute is
1m long and 0.3m wide and is positioned at an an§léC® in the sorting machine. This
means that the rice impacts the chute at an arid@@°0The rice drops a distance of 30mm
on to the chute. The chute has a number of sepgnatiges going from top to bottom, which
form 0.01m wide channels for the rice grains tdeslalong. The positions of the wear scars

observed are indicated.

At the top of the chute there is a line of fairlyiform wear scars on both the ridges and the
channels (see Figure 3a). The anodised surfacbdeasworn away to expose the aluminium

substrate.

The wear scars towards the bottom of the chute wees to be in random positions (see
Figure 3b), the reason for this was not initiallgar. Again at these points the anodised layer

was worn right through to the underlying aluminium.

Figure 4 is a micrograph taken at point A on FigRreThis shows the appearance of the
unworn anodised surface, to allow comparison withdubsequent images of worn regions of

the chute. Note all photographs are orientatedlpaveth the groove direction.

The wear scar at point C on the chute is approxapaliptical in shape (as shown in Figure
3). Figure 5 shows microscopy images of the toplaottbm parts of this scar. In Figure 5a,
the top of the wear scar, the surface is cleadgimed as a result of the impacting rice grains.

Similar features were evident on the top of thgerl (point B). At the bottom of the wear



scar, however, the surface features have changestémded scratches, typical of abrasive

wear. The dashed lines indicate the extent of tpesed aluminium.

Figure 6 shows the surface in one of the wear §&gen at the base of the channels (point
D). Clearly here the anodised surface has not beerpletely worn through. There are some

linear features just about visible.

Figure 7 shows the top and bottom of one of thelmanly positioned wear scars near the end
of the chute (point E). Overall the wear is lesgese than in the scars at the top of the chute.
At the top there is a small amount of pitting, b scar is mainly made up of parallel

scratches.

The evidence of the wear scars suggests the falppwrocess is taking place. Initially the
rice impacts the rice chute causing indents whfiest strikes the chute (the top wear scar).
It still must have a relatively high kinetic energgd causes abrasive scratches in the region
close to the impact point. The rice then slides mdiae channels at a lower velocity. The
wear is less severe here and does not wear thrthgglanodising. However, there are
locations where the grains bounce. It is not clehat causes these, possibly some initial
defect on the chute surface that is subsequentlynified by localised wear. The bounce

causes re-impacting of the rice grains and funtvesar scars.

3 MATERIALSTESTING

A number of surface treatment techniques were chémetesting to assess their suitability
for use on the rice chute to help reduce the weablpm. These were hard anodising alone,
hard anodising incorporating PTFE, and chrome mgatiUntreated aluminium was also
tested. Details of the treatments and resultinfgsarroughness and hardness are given in

Table 1.



The Vicker's micro-hardness of individual rice graiwas also measured (using 100g) and

found to be between 20-29Hv.

3.1 Friction Testing

A sliding friction test apparatus (based on a Bawded Leben type machine [3]), shown
schematically in Figure 8, was used for the fricttests. The top specimen is attached to a
loading arm that is free to move. Dead weights applied to the loading arm. The
counterface specimen is attached to the movingwhbith is driven at constant velocity by a
motor and worm drive. As the motion starts thedppcimen is moved by the frictional force
such that the loading arm contacts a force traresduiche dead weight load on the arm is

known, so the friction coefficient can be deterndif®m the measured friction force.

For these tests rice grains were attached to thedgecimen as shown in Figure 8. Three were
attached in parallel and were pointed lengthwaythéndirection of motion. Careful checks

were made to ensure all three grains were contattie counterface.

Loads of 40N and 60N were used and a sliding spéed5mm/s. These were selected to
ensure that a good stable test could be performédvare not intended to replicate the actual
situation, where the loads are much lower and fheeds higher. Tests were performed
initially on uncleaned surfaces (surfaces usedsnrexeived condition — while this was

uncontrolled it was an attempt to replicate thetelnonditions in the chute where the chute

would not be cleaned) and then on ethanol cleanddces. Runs were repeated 10 times.

Average results for the tests are shown in Fig@esnd 9b. As can be seen there is little
difference between the friction coefficients betwdiee two loads for cleaned surfaces, there
is a slight reduction for unclean surfaces for 60Ne presence of PTFE in the anodising

process did not appear to reduce the friction ggefft. The presence of rice dust on unclean



surfaces probably acts to reduce the friction fijghy providing a separating layer. The
aluminium surface is somewhat smoother than thersthThe asperities on the rough
surfaces will cut into the softer rice grains leedto a higher deformation component of
friction. The unclean aluminium a 40N gives an gtmmally low value. Possibly at this

lower load the rice dust provides a more effectiager separating the grains from the

smoother counterface.

3.2 Wear Testing

Wear tests were carried out on small sectionsefifferent chute material treatments using
a high frequency reciprocating rig, as shown inuFégl0. An electrical oscillator is used to
reciprocate the test head at high frequency. A dezidht is applied directly to the test head
(in this case 120g). The electrical oscillator whg/en using a sine-wave generator to
produce a reciprocating frequency of 150Hz and@kstlength of 5mm. One grain of rice
was bonded onto the upper specimen. A single gvagused to increase the contact pressure
and accelerate wear. The wear was assessed pyreéhggection of the wear scars. Mass

losses were two small to be weighed directly.

Tests were carried out using just rice and with dlddition of an abrasive to simulate the
effect of having husk present in the rice (0.03@-dfum SiC was added to the contact area

prior to lowering the rice grain to the counterfacel starting the electrical oscillator).

Figure 11 shows the material surfaces before ateat tdsting with just rice. The untreated
aluminium suffered the most severe wear. Aluminivear debris was found to be picked up
and adhered onto the rice grain. This lead to aelartion of the two-body abrasive wear

process.



The treatment that saw the greatest wear was madisang with PTFE. In Figure 11b it can
be clearly seen that the surface layer has been mare severely than the other surfaces.
Linear scratches in the direction of rice motioe arsible indicating that abrasive wear is
again occurring on the substrate. Features weridasito those seen on the actual rice chute
wear scars. The chrome plated and hard anodisediralum showed less wear. After 30

minutes the coatings were largely intact (see Eidurc and 11d).

Tests carried out with the addition of SiC partclead to far more severe wear as can be
seen in Figure 12. Wear volume data (shown in [EidiB), calculated using profilometer
traces of the wear scars, shows that with the alergsrticles wear increased by an order of

magnitude. The wear data backed up the observatiande of the wear surfaces.

4 RICE PARTICLE MOTION ANALYSIS
4.1 High Speed Photography

High speed photography was used to investigatentbtéon of rice as it impacted against the
rice chute. The counterface was positioned at angfi€?, 30° and 60 (the latter is the usual

design for the rice sorting machine). Individualerigrains were dropped from a height of
approximately 30mm, as shown in Figure 14. The wes dropped in two orientations, end-
on and side-on (see Figure 15). Dropping the rreéng onto the horizontal surface allowed
the coefficient of restitution to be calculated,iethwas needed for the analytical calculations

of rice motion shown in section 4.2.

It was seen on examination of the video footage, tleet both rice orientations, a double
impact occurred on first hitting the counterfacer @ll angles). For end-on drops the friction
force at the point of contact caused the grainotate. Subsequently it lifted free from the

surface and struck again before the grain bounceay asee Figure 15a). For side on



impacts, one end impacted first and then the dibare the grain left the surface (see Figure

15h).

Rebound angles were determined for the angled edante tests and rebound heights for the
horizontal counterface tests, these are given inlera. The coefficient of restitutior, is

also given in Table 2 for the flat tests, whichceddted using the following equation:

h
= |2 1
e (2)

whereh; is the drop height anfa is the rebound height.

Rebound angle was lower for the°@ngle, as would be expected, and rebound angle was
lower for the side on impact. It was clear from thdeo that the rice grains made little
contact with the counterface and that they typjclatiunced, rather than slid, down the chute.
It is possible that with a stream of rice flowingwh the chute, these subsequent bounces

might have been damped out.

4.2 Analytical Motion Analysis

The equations used for analysing the rice motiamduan impact (developed from Newton’s
work) are usually used for studying the impact afid Figure 16 illustrates the situation

being examined and some of the key parameters.

It should be noted for the purposes of the calmnatoutlined below that that the rice grain
was assumed to be impacting side on as shown imrd-ig6. Coloumb friction is assumed

with a constant friction coefficient between the rice grain and the counterface surface
The velocity,v;, at the point of impact can be calculated by using

Yomvi? = mghy 2)



Rearranging this gives:

Vi =200 3)

The components of the velocity, andvy; can then be calculated from the impact angle.
Initially it has to be determined whether the rgrain is rolling or sliding when it impacts.
The grain rolls if [4]:

(ini+a)|r) A
-v, ([@+A)

yi

ull+e)= (4)

wheread is the rotational (spin) velocity of the grairsgamed to be zero is this casey the

radius of the rice grain (0.95mm), aAds given by:
A=—7 (5)

wherel is the moment if inertia anah is the mass of a rice grain (0.00016g). The védug:
was taken from the friction testing and the valoe € from the drop testing. All values
calculated are shown in Table 3. There are twors¢paets of equations for slipping and
rolling. In this case rolling occurred so the foliog equations were used for calculating the

velocity components after the impact:

Ve —Awr
- X | 6
Yy (—“A j (6)

Vi =€V, (7)

From these the angle of rebound, :tan‘l(vyf /vxf) can be calculated. These angles are

shown in Table 3 and compared with the measuradesal

The values obtained from the analytical calculati@ame reasonably close to the measured

values, which is encouraging given the broad assomgpmade.



5 DISCUSSION

There are two ways in which the wear can be altediaThe first is through a material

change and the second by making design modification

The materials tests have shown that the best (@mdnercially viable) alternative appears to
be the hard anodised aluminium or chrome platingchvperformed better in the wear tests
with and without abrasives. There was no real ckfiee between materials in the friction
testing, which suggests in terms of rice slidingvdahe chute none of the materials would
present a problem. The function of the chute itsllés not directly depend on friction
coefficient, provided it remains constant throughthe rice path. If the friction fluctuates
during the particle motion it would be difficult ensure all grains arrived at the detector head

in a uniform manner. During these tests no majmpiaral friction variations were observed.

The main problem is the aluminium substrate; cleathen the hard protective surface layer
is worn through the wear to the substrate occupglia This causes the grains to bounce
irregularly down the chute. Aluminium is the basatemial of choice for reasons of corrosion
resistance and cost. A good solution would be torave the thickness of the outer coating.
Thicknesses of hard anodising can be over 0.2mperakng on the processing method used.

This is higher than most chromic processes suthatsised and is therefore an advantage.

The major cause of the accelerated wear of theeabutlearly contamination (abrasive husk
etc.) present in dirty rice. If operators are tantowe using dirty rice then perhaps a
mechanism to remove husk could be incorporatedréefiee rice reaches the chute, or
perhaps the new wear data could be used to chhergetommendations made to operators

and/or the defined weatr life.

In terms of design, the angle of impact at the tdpthe chute is important. Work

investigating the relationship between erosive watas and impact angle [5] (see Figure 17)



has shown that a maxima exists for brittle materel 90 and at about T7for ductile
materials. The anodised layer will be comparativalytle, so the design angle of 30° is a
good choice. However, once this has been worn atlvaywear rate of the underlying

aluminium is likely to be relatively high.

Changing the impact angle would involve substardedign modification. The chute length,
rice flow rate, and positioning of detection andtisg heads are configured for a particular
travel time down the chute. Any changes to the rhpagle will change the path of the rice
grains. More subtle changes such as reducing tyetdright on to the chute or improving the
surface quality to prevent the rice lifting andimgacting the surface may be more easily

undertaken.

The video footage and analytical modelling has ghakat a steeper chute angle gives a
lower rebound angle, which would be preferable rideo to keep the rice sliding down the
chute rather than bouncing down it. This kind odlgsis could be used to optimise the angle

if a design change was carried out.

CONCLUSIONS

Failure analysis has been carried out on a chuien fa rice sorting machine. Wear
mechanisms have been identified as being a conitsmat erosion and abrasion. Wear scars
at the top of the chute, where rice initially imfgare uniform in nature. They show small
erosion pits ahead of abrasive scratches. Theidocaf wear regions further down the chute
are random in nature and may occur due to ricengrapbuncing off the chute and re-

impacting.



Friction testing using some candidate replacemeaatenals has shown that little difference
could be found between the materials. With a clsariace, however, higher friction was

seen. The natural contamination caused by rustisibgneficial in reducing friction forces.

Reciprocating wear testing showed that hard anddisel chrome plated aluminium offered
the best resistance to wear both with and withbtasive present. Wear rates of all materials

increased by an order of magnitude with abrasitleérrice contact.

High speed video footage of rice impacts at a warté# angles and impact positions has
shown that rebound angle decreases with increasiatg angle. Analytical modelling carried
out to calculate rebound angles (using inputs ftbenfriction testing) compared well with

the actual values. This technique could be usegbtinise the design of the chute.

A thicker anodised or plated layer would be benaffias after the protective surface coating
has been removed the wear of the base aluminiurh owdur relatively quickly. Hard
anodising can offer a thicker coating than the woteoplating process and offers a good

solution.
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Spin (anticlockwise) such that the Grain ExperiesnéerceR andF from the
Surface

Erosive Wear Rates for Brittle and Deadtaterials versus Impact Angle [4]
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Figure 12
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Tablel

Material/Surface Treatment VickersMicro- Roughness
Hardness (100g) (Ra, pm)

Aluminium 124 0.159

Hard Anodising 407 0.429

Hard Anodised with PTFE 462 0.479

impregnated

Chrome Plating 346 0.406

Table 2
0° 30° 60°
v * \
O O O O O
hy (mm) [ h, (mm) e hy 6(°) hy 6(° hy 6(°) hy 6(°
(mm) (mm) (mm) (mm)
38 14 0.61 30 34 30 45 30 31 30 27
35 15 0.65
Avg: 0.625
Table 3
h; (mm) Impact v; (m/s) Vyi (M/s) Vyi (m/s) u e H(1+e)
angle ()
30 30 0.76 0.65 -0.38 0.53 0.625 0.86
30 60 0.76 0.38 -0.65 0.53 0.625 0.86
(Vx|, +w|r) A Rolling/Sliding Vys (M/S) Vyr (M/s) é ) é ()
-y, (1+ A) (predicted) (measured)
0.57 Rolling 0.25 0.41 58 45
0.19 Rolling 0.43 0.24 28 27




