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Foreword

E FOR is the acron m for the Canadian
Go ernment s E erg from the FORest (E er­
gie de la FORet) program of research and de el­
opment aimed at securing the knowledge and
technical con1petence to facilitate in the medium
to long term a greatly increased contribution
from forest biomass to our nation s primary
energy production. This program is part of a
much larger federal government initiative to pro­
mote the development and use of renewable
energy as a means of reducing dependence on pe­
troleum and other non-renewable energy
sources.

The Canadian Forestry Service (CFS) adminis­
ters the ENFOR Biomass Production program
component which deals with such forest-oriented
subjects as inventory, harvesting technology, sil­
viculture and environmental impacts. (The other
component, Biomass Conversion, deals with the
technology of converting biomass of energy or
fuels, and is administered by the Renewable
Energy Branch of the Department of Energy,

ines and Resources). ost Biomass Production
projects, although de eloped b CFS scientists in
the light of E FOR program objecti es are car­
ried out under contract by forestry consultants
and research specialists. Contractors are selected
in accordance with science procurement tender­
ing procedures of the Department of Supply and
Services. For further information on the E FOR
Biomass Production program, contact ...

E FOR Secretariat
Canadian Forestry Ser ice
Ottawa Ontario
KIA IG5

This report, on E FOR Project P-327, was pro­
duced under contract (DSS File No.
IISB.KH603-5-0481) by the Forest Engineering
Research Institute of Canada, Vancouver, British
Columbia. The scientific authority for the con­
tract was G.H. Manning, Pacific Forestry Centre,
506 West Burnside Road, Victoria, British
Columbia, V8Z I 5.
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Abstract

protot pe rock separator designed to eparate
rocks greater than 2.5 cm a built and te ted at

ichol on Murdie achines Limited. The pro-
tot pe demon trated that a rubber-belted can ey­
or can be used to separate rocks from ood
material when operated with a side tilt speed and
slope greater than tho e normall used to trans­
port wood waste. Rock separation rates greater
than 90% with wood loss of 29% were achieved
during the field tests. A erage production rates
of 8.8 tonnes per hour were achie ed during pro­
totype testing.

7

Resume

La compagnie ichol on Murdie a hine
Limited a con truit un protot pe de separateur
de roches de plus de 2 5 cm et elle en fait 1 e sai.
Le prototype a permi de montrer qu un can oy­
eur a bande en caoutchouc peut ser ir a separer
les roches des morceau de bois pour u que 1 in­
clinaison laterale la itesse et la pente du con-

o eur soient superieures acelles des can oyeurs
utilises pour transporter les dechets de bois. Des
taux de separation des roches superieurs a 90 %

a ec pertes de bois de 29 % et des debits moyens
de 8 8 tonnes par heure ont ete obtenus durant
les essais sur place.
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Executive summary

Field te ts ere conducted in earl 1986 at 1-

cholson urdie achine Limited at ictoria
Briti h Columbia on a protot pe ro k separator

tern. The rock separator on i ted of a rubber
belt con e or built so that belt speed side tilt,
and lope could be readil adjusted. In earlier
E FOR projects on bioma s proce ing it as
obser ed that rocks separated from ood mate­
rial hen rubber belt con e ors ere operated at
nonstandard slopes and belt speeds. These tests
were conducted to determine rock-remo al effi­
cienc when a flat, rubber belt con eyor was
operated with a side tilt and at belt speeds and
slopes abo e those normally recommended for
transport of wood aste.

Se eral conclusions ere drawn from the field
tests:

• A rubber-belt conveyor, operated with a side
tilt and at a speed and slope that are greater
than those normally used to transport wood

aste can effec i el parate ro greater
than 2.5 m in ize from ort ard debri . Rock­
separa ion rate greater h n 90% i h a ood
10 of 29% re a hie ed during field trial .

• Increa e in bel speed and ide-tilt angle ere
more effecti ethan increa es in belt lope in
increasing rock- eparation rate.

• ood 10 s probabl can be reduced b pas ing
the separated rock and ood chunk 0 er a
secondar rock separator.

• Debris as processed at an a erage rate of 8.8
tonnes per hour. More producti e feeding
equipment could increase the production rate
of 8.8 tonnes per hour that was achie ed
during the trial.

The system tested is at the prototype stage. Fur­
ther de elopment will depend on the interest of
potential users and manufacturers.



Table 1. dju tment range and field te t adju tment
used.

greater th n 2.5 m mo ed do nat el chute t
th it of th di cr en and f 11 onto the rock

parator. Th ro k p rator a flat ru ber-
belt on or and a 7. m long b 23 cm

ide. The econd roll r of hi con or a re-
mo ed to incr a e the likelihood of the rock
bouncing h n the f 11 on t e on e or from
the di creen. Th lope ide tilt and belt
speed of th roc eparator ere adju table. The
adjustment range and field te t adju tment are
ho n in Table 1.

Introduction

The obj ti of thi proj er 1 to de ign
and build a machine that ould remo e roc
greater tha 2.5 cm in ize fronl ort ard debri
and 2 to t t the rna hin and etermin it
rock-remo al efficienc .

The oncept behind the de ign of the ro k epara­
tor came from field ob er ation made during
earlier project Sinclair 1982' 1984 . From these
projects a eparator/shear s stem as de eloped
that made ort ard debri more attracti e a a
feedstock for hog fuel b reducing the dirt con­
tent and increasing size uniformit . Dirt content

as reduced b using a disc screen to remo e the
fines content of sortyard debris and ize uni­
formity as increa ed by using a hydraulically
powered shear to cut the longer piece of oody
material. However, the system could not remove
rocks greater than 2.5 cm which as the spacing
set on the di c screen. These rocks are undesira­
ble in the feedstock for a hog mill.

9

Slope deg)
Side Tilt (deg)
Belt Speed m/min

djustment
Range

ax.

30
45

150

15
o

75

Te t
dju tments

Used

19 23 25
12 15 18
90 120 150

During these earlier trials of the separator/shear
system a series of conveyors were used to trans­
fer material from one processing unit to another.
It was observed that when a rubber-belt con eyor
was operated at a speed and slope greater than
that recommended for transfer of wood waste,
rocks tended to roll backward, rather than mo e
up the conveyor. Therefore, it was decided to un­
dertake a project to determine if effective rock
separation could be achie ed by modifying the
normal angles and speeds used for rubber belt
conveyors.

Description of prototype system

Figure 1 is a flow diagram of the prototype
system.

A Bobcat Model 722 Skid-Steer Loader with a
0.25-m 3 bucket was used to feed the system,
clean up between trial runs and mix rocks into
the debris. The infeed conveyor was a 18.3 m
long by 76 cm wide rubber belt, troughing con­
veyor. A disc screen was situated after the infeed
conveyor. The discs were scalloped and set to
separate material less than 2.5 cm in size from
the sortyard debris. aterialless than 2.5 cm was
collected in a bin below the disc screen. Material

A series of 1-m-long bins was attached to the side
of the rock separator to catch the rocks as they
were separated. The material exiting from the
rock separator was collected in a 1.4-m 3

container.

Test method

The field tests lasted three weeks. The first week
was spent assembling and debugging the system
and sampling the sortyard debris for size and type
distribution moisture content and density. The
final two weeks were spent conducting a series of
trials at arious slopes side tilts, and belt-speed
settings on the rock separator.

All material longer than 60 cm was reduced in
size or removed from the sortyard debris in order
to simulate the material that would normally
come from the separator/shear system. Rocks
(15 cm and less in size, round and angular) were'
mixed with the sortyard debris to simulate the
natural rock content of the debris found in British
Columbia coastal sortyards with a gravel surface.

A trial run consisted of:

1. Adjusting and recording the slope, side tilt,
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Debris

Large Materia I
(> 60 em)

<2.5 cm

Fines

10

<60cm

Front-end Loader
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Debris « 60 cm)
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Front-end Loader

Infeed Conveyor
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Rocks a Wood
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>2.5 em
<60 em

Rock Separator/
Outfeed Conveyor

Accef2.ts:
Fuel Feedstock

Fig. 1. Flow diagram of rock-separator test system

and belt speed settings on the rock separator.

2. Starting the can eyors and disc screen.

3. Feeding sortyard debris onto the infeed con­
veyor until the 1.4-m3 container at the rock
separator outfeed was full.

Recording the time taken to process the mate­
rial through the system.

5. Separating the wood and rocks in the outfeed
container and weighing them.

6. Separating and weighing the wood and rocks
in each of the six bins on the side of the rock
separator.

Usually, three trials were performed at each set­
ting. The finer material less than 2.5 cm) that
passed through the disc screen was not eighed.
Therefore separation efficiency results for the
rock separator relate only to the material that
passed over it.
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Table 2. T pe and ize distribution of unpro e ed
art r debri

Table 3. Size di tribution a d den it of fines from di c
cr en

Moisture content (fines only)

Table 3 gi es the size-distri bution of the material
passing through the disc screen. Se en O.1-m 3

samples were taken throughout the field trials.
There is a gradient of size separation from the
infeed to outfeed ends of the disc screen; the
infeed end has a higher proportion of smaller
material.

Table 2 gi es the results of the anal sis of the
sortyard debris. Fi e 1.8 m 3 samples were ana­
lyzed using a tatistical quartering technique.
Compared to pre ious results on sortyard debris
analysis this debris had a higher proportion of
fines than normal. Rocks were added to this
debris in order to simulate the debris from a
sortyard with a gra el surface.

9.4
.94

6.53
13.98
24.84
40.26

57.10

Percent

Infeed
end

2.71 16.19
2.15 7.72
4.29 8.76

13.20 14.76
29.23 20.44
48.41 32.11

55.53 58.86

Results & discussion

oisture content

> 28.6 nlm
22.2 - 28.6 mm
15.9- 22.2 mm

9.5 -15.9 mm
4.8 - 9.5 nlm

< 4.8 mm

Siz la

Table 4 is a summary of the results of the rock
separation trials for various belt settings. The
rock separation is the weight of rocks in the reject
bins (on the side of the rock separator) divided
by the total weight of rock processed over the
rock separator. The wood loss rate is the weight
of wood in the same bins divided by the total
weight of woody material processed over the
separator. The Appendix gives the details of each
individual trial.

59.16%

469 kg/m 3

Perc nt ge
eight

T pe of material di trib tion

ood 3.73
Cedar bark 0.68
Other bark 0.01
Branche 0.79

on- ood 0.00
--

CIa statal 5.21

ood 1.6
Cedar bark 0.77
Other bark 0.28
Branches 0.46

on- ood 0.00
--

Class total 3.14

Wood 2.93
Cedar bark 0.97
Other bark 1.25
Branches 0.32
Non-wood 0.00

--
CIa statal 5.47

Woody material 7.06
on-wood trace

Class total 7.06

Woody material 1.50
on-wood 0.12

--
Class total 1.62

> 28.6mm 11.39
22.2-28.6mm 5.18
15.9- 22.2 mm 6.55
9.5-15.9mm 11.70
4.8-9.5 mm 17.45

< 4.8mm 25...22
--

Class Total 77.50

Grand Total 100.00

Density

ize
cIa

< 7.5 em

> 100 em

15-30 em

30-60 em

60-100 em

7.5-15 em

As can be seen from Table 4 and Figures 2 to 4,
increases in belt speed and side tilt cause greater
improvement in rock separation than increases
in the belt-slope above 19 degrees. In these
trials, the best rock separation rate was achieved
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Table Rock ep rat" on rates and ood-lo s rate at ariou belt
etting

Ro k ood
Slope o.of paration 10 s
deg trial rate ate

0/0 0/0

19 12 90 1 69.9 4.7
19 12 120 2 74. 7.3
19 12 150 3 83.9 7.8
19 15 120 2 76.5 10.9
19 18 120 2 86.4 15.0
23 15 90 2 64.1 7.3
23 15 150 3 81.4 11.9
23 18 90 3 85.9 15.6
23 18 120 3 86.3 21.8
23 18 150 3 92.9 29.0
25 15 120 3 79.3 10.8
25 15 150 3 83.3 16.6

with slope, belt speed and side-tilt settings of
23°, 150 m/min, and 18°, respectively. However,
given the variability in moisture contents and the
particle size and type distributions of sortyard
debris the optimum combination will probably
be site specific.

It is difficult to achieve complete separation of
the desirable and undesirable material with most
separation devices. Also the amount of desirable
material lost will increase as the amount of unde­
sirable material rejected increases. This is true of
the rock separator as well (Figure 5)' at a 90% or
greater rock separation rate, there is a 29% loss in
woody -material. The woody. mate.rial that was re­
moved along with the rocks was chunky and free
of fines and bark. A two-stage rock separator
would reduce wood loss while retaining rock
separation efficiency.

Linear regression analysis was applied to the rock
separation and wood loss results and the resulting
line and equation are also shown in Figure 5.
There was almost a 1: 1 ratio between an increase
in rock separation and an increase in wood loss.

An average production rate of 8.8 tonnes per
hour was achieved during the trial runs. This

could be increased in a production system
through the use of more productive feeding
equipment.

The majority of the rocks separated into the bins
at a distance of 1 to 3 m from the infeed of the
rock separator. However, some rocks required
the full length of the belt to separate out and
dropped into the last bin located 5 to 6 m from
the infeed. Therefore, a provision for collecting
and remo ing rocks should be provided 0 er the
full length of the rock separator in any commer­
cialoperation.

Conclusions

A rubber belt conveyor, operated with a side tilt
and at a speed and slope that are greater than
those normally used to transport wood waste, can
effectively separate rocks greater than 2.5 cm in
size from sortyard debris. Rock separation rates
greater than 90% with a wood loss of 29% were
achieved during field trials.

Increases in belt speed and side-tilt were more ef­
fective than increases in belt slope in increasing



the rock separation rate.

ood los probabl can be reduced b pa ing
the eparated rock and ood chunk a er a
secondar rock separator.

The trial run proce ed debris at an a erage rate
of 8.8 tonne per hour. are producti e feeding
equipment could increase he produc ion rate.
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