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Abstract

Unlike other mining units such as shovels and’
Y ' -
draglines, the BUcKet)Wheel Excavator (BWE) requires' very

#

detai]eq/mine planning in order to realize its full ‘

potential. This mine planning can be more easily
accompl1shed if a set of relationships describing the
excavator s limits are available to the mine engineer. In ~/
adé}tioih tQ mihe*p]anhing,vsuch a ng of rflati;nships can
be used to a}d in\excavator gselection. |

«

Thfs thesis sets out tdvdevelop and test a series of
re}ati@nshibs«%o describe the limitations and applications

~of a BWE forming either a terrace cutpor dropping cut.
| ‘ : ~ \.‘é h

To accomplish these objec‘ive§[‘é set of mathematicai,
expreseions'have been developez to describe the
linter—dependence between the BWE's design parameters and the
mining face. These express1ons were determined through the
use of geometry. The numerous computat1ons which were
required to defihe the full range of 1imitations for a
partiéuWar BWE was accomplished by using computer programs.
The programs request the BWE design parameters from the
user, then oQtputs in table form the slope limitations for

these parameters. The accuracy of these relationships was

tested replica of an 08K SH 630 compact BWE. -

The results of this investigation showed that the

relafionships develeped do accurately describe the



, -,
-
inter-relationships between the BWE design parameters and

the mining face, and can be used with conficence.
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The minimum 1ength‘of L2 needed to

still be able to form the side slope
é\%‘

Variable used in the calculation ef

SLaZ"and SLb’ " .

load boom pivot point to the digging;

wheel centre ' -

Distance from a line connecting the
load boom pivot point and the digging
wheel centre, to the lowest point on
the load boom structure

Xviii
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LB’ max

LB 'min

R1/R2/R3

RB

RD

st

SLa’

SLa''’

SLb’

Maximum reach of the load boom and the
digging wheel at the maximum given
slew angle '

>
Mimimum required distance between the
BWE centreline of advance and the side
slope toe (defined by digging head
design) '

Radius of the digging wheel, measured
to the bucket cuting lips

Intermediate values of the digging

‘wheel radius used to determine the

distance from the digging wheel centre
to the side slope crest in a dropping
cut .

\

Length of the, load boom from the load
boom pivot point to the digging wheel
centre, projected onto the base plane,
(with digging wheel buckets at ground

level) .

Actual’° distance from the digging wheel
centre to the actual side slope for
the dropping cut

Defined as the slew angle at SlLa’’, or
SLb" !

Minimum slew angle used to determine
the lower intermediate limit of the
s}de slope angle range, [Models A and
B

Lower intermediate slew angle limit of
the side slope angle range, [Models A .
and B] '

Maximum slew angte used to determine
the upper intermediate limit of.the

s}de slope angle range, [Models A and
B

X1 X



SLb"’

Wb ‘v

Wb’

Wbl /

Wt
Wt
Wt
X 1
X2/X3

X4

X5

Upper intermediate slew angle limit of
the side slope angle range, [Models A
and B} /
. . %

Total cut width measured at the bottom
of the cut 1

Cut width on the slope side of the BWE
centreline of advance, measured at the
bottom of the cut ‘

N

Cut width on the pit side of the BWE

- centreline of advance, measured at the

n

bottom of the cut

Totél width of cut measured at the top
of the cut

Cut width on #he slope side of the BWE
centreline of advance, measured. at the
top of the cut -

¥

Cut width on the pit side of the BWE

centreline of advance, measured at the
top of the cut ’

The distance the load boom pivot point
must move in order to form the front
slope angle

o

Correction distances required to
determine the distance Xt

The horizontal distance of the actual
front slope angle projected onto the
base plane the excavator crawlers rest
on

Distance projected onto. the BWE
centreline of advance resulting from
using a maximum given slew angle. on
the slope side of less than 90 degrees

XX



XB/XB‘/YB/YBK

XB/XYA/XYB/YB

Y1
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-C
o¢ma x
. emaxi

o¢mnax2

os¢min

o¢min

o«min2

Variables used to calculate tHe
location of the mininum and maximum
points of the side slope toe in a
droppinggcut,‘[Models A and B]

Variables used in the determinétion of
the minimum and maximum side slope
angle in Model C

Elevation of the load boom pivot point
above the crawler level

Minimum distance between the BWE
centreline of advance, anq the side
s]opq toe oo

Intermediate values used if the
determination of F

Side‘ﬁlope angle

Critical side slcpi
defined as the vepid
angle) o

Maximum side slope angle

Lower ihtermediate 1imit of the side
slope angle range, [Models A and B]

Maximum limit of the side slope angle
range, [Models A and B]

Minimum side slope angle

Minimum limit of the side slope angle
range, [Models A and B]

Upper intermediate 1imit of the side
slope angle range, [Models A and B]

XX i



~H

B min

Kd

Kh

Khab

Side slope angle at the offset angle
Side slope angle at offset angle 6
Front sliope angle

Minimum value of the froﬁt slope angle

Offset angle measured on the base
plane between L1 and L2 '

Wheel free an /é measured in the
horizontal pigne, (looking in
direction of 8WE advance)

Maximum swing angle of the discharge
boom from the centreline of advance,
(looking in the direction of BWE
advance) '

Angle of load boom inclination, from
the load boom pivot point to the

centre of thejdigging wheel with the
bucket lips at resting on the ground

_Angle of load boom inclination, from

the load boom povot point to the
centre of the digging wheel with the
bucket 1lips above ground level

Load boom inclination with the buckets
at a height of ab above ground level,
[Model C .

Wheel free angle measured in the
vertical plane, (looking in direction
of BWE advance)

Minimum permitted angle between the
load and discharge booms :

Ca]culat%F slew angle

XX1 1



YL1ab
?min

Yms

Yo

Ys

Slew angle measuered to a ggint of (Y1
+ L1ab) from the BWE centretine of
advance, [Model C]

Minimum slew angle on the slope side
of the BWE, (a function of excavator

design)

Minimum value of the maximum siew

angle on the slope side of the BWE

"centreline of advance, (limited by

excavator design, and side slope
angle) :
a J

‘Slew ahg]e at the bottom of the slope
- measured to a distance of CW from the

BWE centreline of advance, (offset

slew angle) \

&
Maximum slew angle on the pit side of

the BWE centreline of advance measured
at the bottom of the cut

Max imum slew angle on the slope side
of the BWE centreline of advance
measured at the top of the slope

XXiii
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1.0 Summary of Results and Conclusions

P

‘S@ThngucKet Wheel Excavator (BWE) is a very specialiied
' macﬁﬁ%e? Bétailed mine p1énning is required in order to get
the mg;t from the investment made in it. «Mine planning can
be more easily accomplished if a set of relationships
describing the excavator’'s limits of app[ication are
available. In addition to this, such a set of relationships
can aid in &he seleqtion of an excavator which is best
suited to a particular operation. The objective of this
investigation, is to develop and test a series of

relationships describing the limitations and applications of

a BWE forming either a terrace cut, or a dropping cut.

The objectives were accomplished by developing
mathematical expressions which define the interdependence
between the BWE's design parameters and the mining face.
These expressions can"be separated into three distinct
relationships which define the following, given specific BWE

design parameters:

1/ The minimum front siope angle, and maximum
advance‘
2/ The range of side’ slope ang]esy

3/ The width of a cut
A series of computer programs have been developed to aid in
the computation of these relationships. In turn, these
results, (and thus the pe]ationships),-were tested by using

1



a scaled-down model of a typical compact (standard) BWE.

The results obtained through this study are:

Y

1/

2/

3/

4/

5/

The relationships developed to describe the

limitations of the terrace cut dre accurate,

and are supported by results obtained using
physical model studies
The relationships developed to describe the -

front face, and the cut width 1im1tati?ns,

for the dropping cut can be used with

canfidence, and are supported by results
from physical model studies
Relationship Model C, (Section 4.3.3),

describing the side slope angle limitations

for a dropping cut, best describes the .

actual side.slope and, has beeqcxxﬁirmed
using sfope model studies
The computer models based on these KR

relationships are accurate, and clearly show
&

the limits of application for any
-
excavator’'s specific design parameters

Output obtained from the computer models is

easy to use, and can be applied to slope g

design work, or in_the selection of an

excavator which is best suited to a specific

operation



2.0 Introduct ion
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2.1

“The first pate
wheel was grantegoi
thqglthe f1rst BWE
‘ co@@ ructed Th1s
a successful ﬁachlr

With‘the,technology

overl200,0QO-cubic

., constructed.

‘During the development of the BWE,

changes occurred ov

\\\‘;y.

?

Rails
Cr *d-

3/ C 11- H

BWE Development

"

to Bucket Wheel Excavators

Tk

sl

nt for a continuous earth moving bucket

h 1881. It was not until 1916 however,

]de§1gned for mining overburden was -
' . P ' . .

first attémpt.was a failurg, but by 1925
e;had’been'deyeloped (Rasper, 1975).
available today, BWEs capable of mov ing

meters of material per day have been

s

several design

er time. The most significant are:

H

replaced by craners

boOm replaced by crowd-1less boom

ype wheel. replaced by * cell-less wheel

4/ Deep/h1gh d1gg1ng replaced by high d1gg1ng only

~

vAlthough’BWEs are dullt to meet the Speclfic needs of the

operator,

reflect these'cpanq

v [

Ra1ls were used on early mach1nes because. at the time,

the‘majcd

1

ity of“the,excavatorsvconstructed\tcday
: ' » L .

|

>

es.
TR

f.
d

th1s was the most eff1c1ent way of” mov1ng such large p1eces

‘of,equ1pment. Thes

Q_operational’difficd

-

~

\?

e orlg1nal’ra1l travel systems caused
! | . -

1ties apdias crawler technology advanced,
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©a1 systems were replaced in favor of crawler systems,

~

Mivar, YR

T

Yoo Durst, 19820

g

e

~ .. . ' .
2ail gystems sf{ill have a place where conditions are

siitahle, for example-Bucket Chain bxcavators (Aiken, 1968).
: o X
in terms: of excavator cost and travel gear reliability, rail

systems retfain important advantages.
. tgéﬂ,\"};}f ‘. E I

— In addition to rail éﬁﬂ?@ﬁawWenftravel systems. walking
mechanisms can be used: These'Have>f6und limited:
application (Rharakhésh. 1967N?Abut.a&;@hot likely to becOﬁe
wi«ﬁié]\' tised «R’aspm"“ 1975 " ‘ ‘ "

The Hmﬁe&j flexibility of rail mounted BWEs called foE
1Ho,employmén1 of'a‘br6WG boom as a meansvof increasing
evcavator flevibility, TE* vf1e\ibiﬁity not only allowed
the excavator to maké‘Therrequired,advancés, but also
allowed the operator to céﬁtro1'the debth of the slice in

order 1o maintain a constant chip volume, .see figure 2.°!'.

/heduse oA erowd boom can increase machine weight from 10

1e 28 percent ~&er evcavators without crowd action. and also
> . . . N

adde addriional mechanical and maintenance problems iMartin.

TORI . Recause of this. the crowd boom is seldom justified

v

e
(8]

QT
el

~

ecomami cz Ty an todave excavalors cLiken, 1988 -85

dne problem encountered with the elimination of the
crowad action . fe the formation of a sickle shaped cut,

fsaure 0 LY conmstant siewing speed$. the chip volume

exceviied by each buckel decreases. because the slice
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BWE.CL‘of Advance

Formation of a cut using a
crowd-type load boom
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FIGURE 2.2 Sickle shaped cut}formed by a BWE with
, a crowd—leqfﬁboom. To. compensate -for
reduced chi%ﬁholume, the slew speed 1is

" increased as the slew angle increases.



thickness decreéses as the slew angle increases. This
problem can be minimized by increasing the slew.speed as a

function of the slew angle to keep the chip volume constant . |

Ean]y‘machine aesigns ﬁncorporated the cell type bucket
wheel, but these are being replaced in favor of the
‘cell-less wheel (Krumrey, 19793, (see figure 2.3). The
cell-less Wheel allows much greater wheel speeds to be used,
because the bucKet emptying characteristics are better.

This increase in wheel speed prov1des greater discharge
capacities compared to a similar excavator with cell type

bueKets.

Another advantage of the cell-less wheel is found in
deep cutting. With a cell type wheel, the buckets cannot be
reversed: therefore, a longer load boom must be used. This

adds to the excavator weight and cost (Krumrey,’1979).

" A BWE:werke in high cut when excavating above crawler
level and in deep cut,While’excaVating below crawler level,
Originally, machines were designed to take advanxege of both
typee of cuts. In recent years; the trend has been away ,
from the deep cut, because of the time required to reverse
buckets, (1ncreased downtime), and the need for a cover
conveyor on the iead boom when conveyor angles exceed -22

degrees, (figﬂre 2.4) (Aiken, 1968).
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2.2 BWE Applications and Limitations

C— -

To determine if a BWE is suitable for minfhg a deposit,

several details must be {nvestigated. The most important
consideration in BWE selection is the type of material to be
excavated. Compared to other excavators such as shovels and
dﬁaglines, the BWE has re1ét{ve1y small digging forces
(Raspef, 1975). To avoid costly misapﬁ?}gg%ioh, extensive

material testing is required to determine its diggability.

Once it has been determined that'alBWE is capablé;of
excavating a deposit, a careful sfudy ﬁust be made of the
_ deposit characteristiés. Factors like deposit depth, shape,
and floor inclination must be considered (Aiken, 1966).

These factors influence support equipment reguiraments, and

the need for special bench designs.

ACN

Other characteristics which influence . an excavator’s
ability to mine a deposit are material variability, and the
presence of water and boulders. These can have a -

significant impact on the choice of an.excavator.

Once it has been determined that a BWE Qperation is
Feasiple‘in a given deposit, consideration must be given to
the design of the excavator slope. There is a direct
relatfonship between the BWE design parameters and slope
formation. This fact makes the BWE less flexible in its
application than other mining units, and Under]ines the need

for proper planning and attention to detail in order to

10



o1
minimize potential problems, and to maximize output (Aiken,

1968, 1973).

Recent advances in design have moved the BWE into
materials which were previously the domain of shovels and
draglines. With improved blast engineering and explosiVes.
even harder materials méy become minable by BWEs (Aiken,

1968) .

In addition to the Qide range of materials BWEs handle,
théy can be employed under a w{de range of‘temperature,
rainfall and wind conditions. BWEs have been used in West
Pakistan for canal construction, where daily temperaturés up
'to'55 degrees Celsius were encountered. They are also used

in‘Canada énd‘the Soviet Union where temperatures of :40

degrees Celsius or lower are not uncommon (Rasper, 1975).
i

The fange of appﬁication for the BWE can be expanded by
using them'wifh other mining equipment. The best example of
this cgmbiﬁed application is at United Electrics Fidelity
mine (USA), where a BWE is working in tandem with a large
stripping shovel (Roman, 1968). This combinafion is very
successful, and opens up a wide range of posgibilities.

BWEs also find wide acceptance in areas where selective

‘mining is required.

The BWE's ability to handle a wide range of material
‘under a variety of conditions, make them suitable for use

~all over the world. This, in addition to its specia1 design



Features, such as continuous excavation and selective
mining, can make them economically justifiable in $any
deposits now considered by many to be suitable only for

shovel or dragline excavation.

2.3 Mining Face Terminology

To understand the relationships between a BWE and the
mining face, one must understand the face terminology.

Figures 2.5a} 2.5b and 2.5c i]lustrate the following terms:

Crawler level The plane at the base of the BWE
crawlers.

Block/ The strip of material removed by the
- excévator on each advance in the
direction of mine advance.

Block Height (Blh) The total height of material that is
removedlby the excavator on each aavance
in the direction of‘minjng; includes
high cutfing and deep cutting.

Block Width (Blw) The width of the excavation removed by

| | the excavator on each advance in the
diPectibn of mining.

Block Length (B11) The total length of the block removed on

each advance’in the direction of mining.

Bench The part of the block the excavator can
work at any one time,; measured above

crawler -level, or below crawler level,

12



Bench Height

Bench Width (Bw)

Face

Advance (A)

Cut

Terrace

Slice

Slope

Toe
Crest
Pit Side

Slope Side

The height of the excavation measured
above or below crawlgr level.
Same as block width (Blw).
The front plane of a bench facing the
direction of the BWE advance
(Bh x Bw).
The distance the excavator moves into
the face on each cut (limited by BWE
design) .
The volume removed by the excavator on
each advance (Bh x Bw x A).
The part of the cut removed b; the
‘gigging wheel on each advance into the
f;ce.
The part of the terrace removed during
one swing of the excavator.
The plane connecting the floor and the
top of the bench which best represents
. the face.
7 “lphe edge where the slope meets the bench
'floor. |
The edge where the slope meets the top
of the bench.
‘The side of the BWE on which the old
side s]opé is located.
The side of the BWE ‘on which the new

side slope is 1ocatéd.

13
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This terminology is used throughout this report.

2.4  Cut Types
y

e
The BWE can be used in three types of cuts:

1/ Terrace cut,
2/ Dropping cut, and
é? Combination cut.
S ;
Selection of the type of cut depends mainly on the type of
maierial being excavated. Each type of qpt has its
;Bvantages and disadvantages, and field tests should be

conducted before cut selection is made (Singhal, 1983).

A terrace cut is formed by positioning the digging
wheel at the top of a mining slope such that the terrace
excavated is between 0.5 and 0.7 times the digging wheel
diameter (Martin, 1982). The wheel is then advanced into
the face by a distance qual to the depth of the buckets and
a slice is removed from the terrace. When this slice is
extracted, the wheel is advanced by the deptﬁ of the buckets
for the next slice. This procedure continues until the load
boom is ‘about to touch the crest of the second terrace, or
until the crawler is about to’strike the front slope toe.
The excavator is retreated, the wheel boom lowered to the
next terrace, and the process repeated, (see'figure 2.6).
Once the entire cut has been removed, the excavator load

boom is raised and positioned for the next cut.
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|
| ‘

The dropptng‘cut is formed by pos1t10n1ng the d1gg1ng
‘ wheel to extract 4 cut of 0.5 to 0.7 times the d1gg1ng whee

~diameter. The Toad boom is then Towered by a dtstance equal

17

to the depth of the bucKets and the wheel slewed to remove a.

sltce from the cut The load boom 1is aga1n ]owered by the
depth of the buckets and the excavator retreated to form the
_requtred front sTope angle, and the next slice 1is removed
This process cont]nues untt]‘the whole cut is extracted,
(see figure 2.6).3 The excavator is then repositioned for

the next cut.

The comb1nat1on cut is used’in situations wherevthe
bench hetght is too large to employ only the dropptng cut,
;Q(benchvhetght‘ts'above'maxtmum.selecttve digging height), or
to‘reduce the total.e§caVator movement in a terrace cut, '

(see figure 2.7) tHoffmann, 1983).

.The terrace cut offers the" advantage of s1mp]e sTope‘
‘bdestgn as compared to the dropp1ng cut. The slew angTe
nrema1ns constant on each terrace, thus it Tends itself
'read11y to automatton of the cutttng sequence vOne A
'wdtsadvantage of the terrace cut is the totaT excavatcr

- movement requwred 1s much greater than for the dropptng

cut, (see f1gure 2.6) Also, iftthe material is A
sem1compacted frozen or has, had layers, the terrace cut can
produce large lumps which may plug transfer p01nts and |

o

increase downtime fAiken, 1988).
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- The dropping cut is emp1oyed'wéen the material being
excavated is blocky, or when the horizontal dif%ction 6f the
cutting force aids in excavat1on " The advantage of the
dropping cut is that it gives better lump control in frozen

or semiconsol1dated mater1a} than the terrace cut. The main
diéadvantage of the dropping cut occurs in the formation of

the side slope. To form the side slope, the slew angle mustl
be reduced on each s]icé the wheel maKes down the face.

This makes it more difficult to automate the cutting

sequence (Hoffmann, 1983).

- Cut productivfty.for both the terrace cut and the
dropp1ng cut is essentially the same. When power
consumpt1on is considered, the dropping cut uses more power’
than the terrace cut, unless the material being excavated

has a horizontal bedding plane (Martin, 1982).

2.5 Potential for BWE Application:in Western Canada

The‘énly fu11 scale BWE operation in North America is
fn the Athabasca.oi]sanqﬁ.region of nofthern Alberta.. of
the two existing operations, one is dedicated fully to BWEs,
while the other uses BWEs'as rec]aimgrs. Because of the
véstneSS‘of the deposits,'(estimatedféi SOme-25‘billion
cubic metefs of o0il recoverable using mining techniques) ,
t?urther deve{opment is assured: and the BWE will play a

major role in the recovery of this r%sburce.q
¥

L %
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The application of BWEs to_the'oilsand region
11fustrates several requiremehf; for the successful

implementation of a BWE system. These requirements are:

1/ Large volumes of material to be mined,

2/ ’AArreasonab1y fhick, and geometrically
:?egular deposit, and : -

3/ Material characteristics amenable to BWE

" excavation.

If these conditions are meet, BWEs may be applied to the
deposit. However, there are other disadvantages and
advantages‘which must be considered before a final decision

is made.

. The application of BWEs. in other areas of North America
has been investigated over many years. BWEs proved theif
usefulness in the coal fields of I1linois, and in overburden
remo&a] in Washington. Marston, (1976), did an
investigation of the coal fields of the western United
States, to classify. the areas Where there is potential to
use BWEs. He .conc1uded ‘that there is"*ntial to employ
BWEs Tn Wyoming, Co]orédST“MQﬁtana, énd 50Ssib1y in Arizona .
and New Mexico. Ih‘additiofhfo Marstons’ study,'BenecKé,
(1979), also demonstrated the application of BWEs to the
Teng lignite deposits. -At-present, one operation is being
brought on strgqm and an additional one is in the planning

stéges.



If a similar study were conducteq in Westérn Canada,
the‘p1aiﬁs coal regions of central Alberta, and the lignite
produéing'region of Southern Saskatchewan, would be prime
candidates for BWE app1icatﬁon (Krzénowéki, 1984). These
two areas have relatively soft overburdens and regu]ér coal

seams.

; Another potentiaT use of.BWEs,-not related to mining,
is in the construction of earth damé,-as pfopbsed in
éouthern Alberta. They also can be cbnsidered for road
construction, and for water diversion projects which may

take place in the future.

21



3.0 ‘Objectives of Thesis

[
H

.The‘ijéctives of this thesis are to:

1/ Determine which relationships are required
to relate the BWE design barameters to the
face geometry limits for both the terracing
and dropping cuts |

2/ Develop analytical models which permit easy
guantitative defihition of the above
relationships

3/ Develop computer ‘programs to simplify the
calculations of the above modeis

4/ Verify the re]ationshibs and analytical
models by studies using a scaled-down

replica of a typical BWE

By accomp]ishing these objectiveé.‘this thesis provides

a mine engineer with the information required to:

1/ ,#;nvestigate the app]icébi]ity~of a

cabarticﬂlar BWE to a given set of
geoteéhnica] condi tions

2/ Plan mining faces for a particular BWE

3/ Choose the BWE best suited to a particular

mining face design
v )!;;’;
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4.0 Development of Relationships

Presented in this chapter are the definitions of thé
BWE and slope design parameters which influence the mining
face limits, (Hillesheim, 1979). Additionally, the author
.develops L%e relationships between the face design limits
}énd the BWE ‘design parameters, for both the terrace and

dropping cuts. These relationships are determinable through

the use of geometry.

A1l relationships in this chapter are determined using

a bench above the crawler level, (see seélion'2.3).
4.1 Bucket Wheel Excavator and Slope Design Parameters

Before any development of relationships can be
considered, the désign parameters of the excavator and slope
,ﬁust be defined. They forﬁ the basis of fhe re}afionship
development, and detailed definitions aﬁe needed to évoid
confusion. The following symbois afe used thﬁoughout this‘
thesis; additional symbols are‘defined in the text as

required. For a full list of symbols, refér to Appendix 1.

4.1.1 The Bucket Wheel Excavator (BWE)

Figure 4.1 shows a,represemfation'of a typical compact
BWE and is used to aid in parameter definition. The major
design parameters are: |

R
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CL

Cw

D1

DB

DD

DM

HD

at wheel rim

Distance.between leading edge of the
Craw]er and the centre of rofatioh of
the BWE | |
Distance between the outside edge of a
crawler and the BWE Eentre]ine of’ '
advance

Digging wheel diameter, measured to the
bucket cutting lips

Digging wheel diameter without buckets,
©

Length of BWE discharge boom between the
discharge boom pivot point and the
material discharge point

Mininum elevation of the di§chargé chute
above crawler level, measured at
discharge.end of the discharge boom
Maximumbelevation of‘the discharge chute
abové crawler ievel, measured at
discharge end of the discharge boom
Distance between the load boom pivot
point and centre of rotation of a BWE;
can be positi?e or negative (E is
positive when the load boom pivot point
is 1ocate6 on the discharge side of the
centre of rotation). | |

Még§muh depth the excavator can work.

below crawler level
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HM

LB

LBW

Kd

" Kh

'R

Maximum elevation of digging wheel
centre above working level (above
crawler level) - *
Length of BWE load boom from the load
boom pivot point to the digging whee]
centre

Width of the load boom from a line
connecting the load boom pivot point and
thé digging wheel centre, and the lowest
point on the load boom structhe
Elevation of load boom pivot point above
crawler level '

Angle of load boom inclination from a
line at the elevation of the load boom
pivot point to the centre of the digging
wheel, with bucket 1ips resting on the

ground

" Angle of load boom inclination from a

line at the elevation of the load boom

25

pivot point to the centre of the diggijﬁ//

wheel, with bucket lips above ground
1eve}f '
Wheqﬁ free angle measured in the

hér{zontal plane, left side (looking in

“the direction of BWE advance)
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Wheel free angle measured in the
horizontal plane, right side (looking in
the direction of BWE advance)
Wheel free angle measured in vertical
plane, left side (looking in the
digection of BWE advance)

Wheel free anglie measured in vertical

» L4

plane, right side {(looking in the
direction of BWE advance)

Maximum swing angle of the discharge d

“boom from the centreline of advanqe,

left side (looking in the direction of
BWE advance)

Max imum swing angle of the discharge -
boom from the centreline of advance,
right side (looking in the directiion of
BWE advance)

Minimum permitted angle between load. and

discharge booms e
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1.2 The Slope

To effectively define the relationships between the
1ing face limits and the excavator, a definition of the

ope symbols is required to avoid ambiguily. The selected

v

nmbols are:

o< " Side slope angle

=C Critical side slope angle (equal to the
vertical wheel free angle)

- ma X Maximum side siope angle

egnin Minimum s{de slope angle

P Front slope angle

Pmin Minimum front slope angle

LY

The slope design not only depends on the slope angles -
sted above, but also on the slew angles the excavator
\Kes from the centreline of advance. These slew angles

‘e

Y Calculated slew apgle’

¥Ymin Minimum slew angle on slope side of BWE
(a function of excavator design)

¥p Maximum slew angle of bottom cut on the
pit side of the BWE

?g Maximum slew angle of top cut on the

slope side of the BWE
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4.1.3 Definition of the Wheel Free Angles

The BWE horizontal and vertical free angles influence
the BWE's ability to form slopes in both terrace and
dropping cuts; therefore, their definition is important in

order to obtain the proper face limits.

L

Three definitions for the wheel fre~ angles can be used:
1/ Definition used in this study
2/ Definition used by the State Electrity
Commission of Victoria, (SECV)

3/ Actual angle as experienced in an operation

The actual angle is measured betwe?n a line perpendicular to
the digging wheel centreline, and a line from the widest
point on-the digging wheel contour, plus a safety distance
(usua]ﬁy 20 cm.), to a pointltangent to the outside edge of
the buckets, | dactual in figure 4.2 and Q‘acutal in figure
4.3). This method depends on the shape of the buckets,
which can vary between excavators; therefore, it is not

used. The other two definitions are detailed later in this

section. .-

1 v L
The Horizontal Wheel fFree Angle (HWFA) is used to
define the minimum slew angle the BWE must make on the
bottom terrace of the excavator’'s slope side. An angle
smaller than this will result in a co]lisfon between the
buckét wheel digging head and the side slope, (BirKHeuer,

1983). This angle is important in the formation of the side

-
Hom,

et



.
slope, and in the construction of box éutsiénd ramps .

The Vertical Wheel Free Angle (VWFA) is important in
determining the mining face limits for a dropping cut. It
defines the maximum side slope angle which can be formed.

An angle steeper than the VWFA, will result in a_col1isioﬁ
between the digging head and the side slope, [Rodgers, 1971,
19761 . |

|l
-

The definition of the HWFA most often found in
literature is fhat used by the State Electrjgity Commission
of Victoria (SECV) Australia (Rodgefs, 19731‘1976:'Campbe11,‘
1978). In this definition, the HWFA (measured in the
horizontal plane) is taken as theuéngle between a 1line
perpendicular to the BWE centreline of advance, (1ineAfj§ in
figure 4.2), and a line connecting the widest point on the

digging head contour plus a safety distance, (usually 20

cm), to the digging Wikel centre line at the lips of the

buckets. The safetywdl®tance is added to prevent the
digging head- from <Ny the side slope. This angle is

defined as dSECV in figure 4.2.

A slightly different definition is used in this study.
In this definition, the HWFA is the angle between a line
perpendicular to the BWE centreline of advance , (Line X-X
in figure 4.2}, and a line connecting the widest point of
the diggihg head confour, to the digging wheel centre line
of the 1ips of the buckets, | dMEP in figure 4.2). There,

are two reasons for using this definition:
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1/ It can be measured directly from

'% manufacturers drawings With&ﬂt the need to
_define a safety distance bet@een the digging
head ahd the s]obey B !

2/ -The éngle obtained, th]e more conservati&e
than the actual angle, (as defined above),
is less conservative than théf used by SECV
for rectangular shaped buckets (which are
most used) . This makes the predicted limits
ctoser to those which are found under actual

mining conditions
‘ ”»

The definition of: the VWFA’is similar to that useg for
the HWFA, but measured in the vertical plane. The
-definition found most often in literature is that used by
SECV (Rodgers, 1971, 1976; Campbell, 1978). It is défined
as the angle between a‘1ine perpendicular to the digging
-wheel centreline, (line X-X in fig&re 4.3), and a line ’
connect ing the.widest point oh thé digging wheel cohtouf
S*Qi_a safety distance, to the digging wheeI centre 1fne at
the bucket Tips ( 0SECV in figure 4;3). The definition of
the VWFA used in this study is the angle taken from a line
perpendicular to the digging wheel centreline, (line X-X in
figure 4.3), to a Jine connecting the widest point on the
digging wheel contour to the,digging wheel centre line at
. the buckets lips. The reasons for uéing this definition aré '

the same as those used for the HWFA.

G
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For'both wheel free angles, the difference between the

three definitions, (MEP, SECV, Actuai), are shown in figures
4.2 and 4.3.

4.2 Terrace Cut .

- 4.2.1 Intnqguctioh

The ability of ‘a specific BWE to form terrace cut

slopes is limi'ted by

'

) 1/ Mdnjhﬁm front slope ahgle as a function of
T hon
. %g_ & and bench height
2/ 'fé??hd% permissable advance as a function of

front‘slope angle and bench height
'3/ Minimum side slope angle as a function of
bench height

4/ ~ Width of cut as a function of side-slope&ﬁﬁ o

| -angle and bench height
: ) |

The abbvé limits (taken after Gélésinski, 1983) are
also important in the deéign of miniﬁgfslope for a
particular BWE, or iin the'seiection of a BWE capable of
forming the required mine slopes (Boehm, 1882). To aid in
the quantitative defihit%bn of these limits, computef
programs are developed {n Chapter 5 which indofpbrate the

relationships established in this section.



'The calculation of load boom inclination is important
in the development of the relationships within this section.
If the digging wheel is positioned on the bottom terraﬁe,
with the buckets at crawler level, the load boom

inclination, (see fiéurev4ggfjkis found as:
Sin(Kd)=(Y-R)/LB - 4.1a

For all other digging wheel locations, the following hold

true:-

. " sin(KR)=(Y-H)/LB if HCY and HXR 4.1b
Sin(Kh)=(H-Y)/LB if HYY and H<HM * 4y
Sin(Kh)=(HM-Y) /LB if HyHM - 4.1d

. k4 i
6
where
. 5
" H = Bench height
HM = Maximum 1ift of the digging wheel
centre |
LB = Length &f load boom
R = Digging whe@i{radiué
Y - = Elevaton of load boom-pivot;ﬁoint
4.2.2 Front Slope Angle and BWE Advance
' ' 1f a BWE is advanced to the same position on all

terracés, the resulting slope is approximately 90 degrees.



However ,' such a steep slope is uéua]ly unstabTe. To. form a
front slope of less than 90 degrees, the BWE must be
~advanced to a different position on each terrace. This is
shown in figure 4.4. There is abminumUm value, to which the
front slope angle can -be reduced; as defined by'a BWE' s
design parameters. It fo]]ows‘that the maximum range of

front slope angles“which can be formed is:

Bming Bg90° o 4.2

The development of the relationships between the
excavator design and the minimum front slope of a mining
face 1is based on analys1s of the s]ope forming process.
F1gure 4 5 shows the formation of a front slope using a

terrace cut.

For a terrace cut, there are two limits on the front

-

faee which must not be exceeded. These 11m1ts‘are{

1/ The 1nterference between the excavator
craw]ers and the slope’ toe

2/ . The interference between the excavator load
hoom s£hucture and the gresi of the second

terrace

The 1nterference between the excavator crawler and the slope
toe can result in craw]er damage; while 1nterference between

the load boom and the crest of the second terrace can result

in damage to the Yoad boom.

36



FIGURE 4.4
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Formation of a front slope angle by advancing
to different positions on each terrace
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To avoid crawler damage, a safety distance F, (see

figure 4.5a), is established as:
F=F1+F2 - ‘ 4.3

where

T

F1 = Distahce between the slope toe
measured at the BWE centreline of
advance, and the sﬁope toe at the
actual crawler location

F2 ' = Safety distance bétween‘the slope toe
and the leading edge of the excavator
crawler, (usually assumed to be one

meter)

The value of F1 is defined by

F1=21-22 4. 3a
where
Z1=LBxCos (Kd) 4.3b

22=1BxCos (Kd)*Cos (¥o) 4.3c
and the offset slew angle Yo is
Sin(¥o)=CW/LBxCos (Kd) - 4.3d

A1l other’symbols have been defined in Section 4.1.
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There is no danger of load boom damage if the height of

the second térrace crest (HT2) conforms to:

fy

§f M ,
1 OHT2K(Y-LBW-F2) 4.4

i

Y
3

1f HT2 is greater than that defined by equation 4.4, the’

distance L in figure 4.5b is requifed:

=((HT2-Y)+F1+F2)/Tan(Kh) 4.5
where
HT2= (H-R) 4.5a
. F1tLBW/Cos(Kh) | 4.5b

F2 (infequatﬁons 4.4 andf4,5) is a safety distance between
the tebracefcfest»and the load boom structure, (assumed as
one hé]f méter), and R ﬁs the digging wheel radius. Other
symbéjs are detailed inﬁSection 4.1. To determine the
miniﬁum front slope angle, the digging wheel centres are
used. Th1s method of def1n1ng slope angles has been used by-
other authors; Birkheuer (1983), Golosinski (1983), and
Hillesheim (1979). If the interference between the
excavator crawlers and the slope toe limits the minimum

front slope angle, it can be defined by the relationship,

(see figure 4.5):
Tan(Bmin)=(H-R)/ ([LBxCos(Kh)- E]‘[CL+F]) 4.6

where H is the bench height,. R is the digging wheel radius,

40



and F is defined by equation 4.3. However, this definition
of the minimum front s lope angle does not permit advance of
the BWE into the face. To ensure advancement, the following

equation must be uSed:

Tan(ﬁmin)=(H—R)/([LBxCos(Kh)-E]-[CL+F+A]) 4.7

where A is the advance of the wheel into the mining face.
‘b/using equation 4.7, the minimum front slope angle can be

defined for a given advance.

The maximum advance used in equation 4.7 may be 1imited
by the interference between the load boom and the crest of
the second terrace. If Qpis happens, the value of A in

equation 4.7 is:

A=[LBxCos(Kh)-E]-L . ‘ 4.8

[V

where L is defined by equation 4.5, (see figure 4.5b).

Another important limitation is the maximum édVance the
excavator canrmake into the face. The minimum front s lope
angle is a function of. advance; therefore, it can be used to
finq the maximum advance relationship. Using equation 4.4,

maximum advance (A) is defined as:
A=[LBxCos (Kh)-E1-[(H-R)/Tan(p)]-CL-F 4.9

P is the given front slope angle and all other variables are
as previous]y\defined. Again if the maximum advance is

limited by the interference between the load boom structure

41
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and the crest of the second terrace, the maximum advance is

defined by equation 4.5.

' 4.2.3 Side Slope Angle

The side slope of a 'BWE cut stays open for extended
periods of fime; therefore, its stability is of major
concern. To prevent failures, a safe side slope angle
should be defined and the ability of a BWE to form this side
slope confirmed. For any given BWE, the range of side slope

angles it can form is:

~ming o¢<90° 4.10

The ability of an excavator to form,a side slope is
limited by the design of the digging head. On the sides of
vthe d{gging wheel, there is usually a conveyor belt and a
‘wheel drive protruding beyond the wheel contour, (see figuré
.4.6}. To avoid 1nterference‘between the:r components and
the slope, the digging wheel must be sw " at least to a

N i’ oA
defiped as:

minimum slew angle, min. This minimum slew angle can b!i%kw
g,

‘f'min=90°-d~ | 4. 11

The important value of d is on the slope side of the BWE
centreline, because it will be on this side that the

interference occurs.

49
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The side slope angle is formed by sleWingithe digging
wheel to different angies on each terrace (see figure 4.7).
The minimum slew angle on the bottom terrace is limited by
equation 4.11. As a result, the minimum.distance between
the excavator centreline of advance and the side slope toe
is LB''min, (as shown in figure 4.7). The maximum slew
angle on the other hand, occurs on the top terrace. The
maximum reach of the whgel is obtained with a maximum
‘practical slew angle of 80 degrees. This po;ition of the
wheel defines the maxim%%;distance between the Crest of the
side slope and the excavator centreline of advance, LB’'max

in figure 4.7. Knowing these values ,and the bench height,

the minimum side slope ang]e,o<min,Athat can be formed is: )
Tankﬁhin)=H/(LB’max-LB"min) 4.12

where
H = Slope height ‘
LB’ max = Maximum reach of the load boom and the

diéging wheel at the maximum given

" slew angle

LB’ “min Minimum required distance between the
— | '

BWEmgpntre]ine of advance and-the side

Sl%pé,toe (definegd by digging head

design)

The values of LB'max and LB’ ‘min are:

¢

LB’ max=[LBxCos (Kh)-E+R}xSin(¥fs )’ . 4.13a
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\ FIGURE 4.7 Minimu: side slope angle

™

BWE CL of Advance

for the terrace cut '




and . | - | o
' ‘_ %

LB’ 'min=[LBxCos (Kd)-E]xSin(¥min) 4.13b
where
q

'R "= Radius of digging wheel

%’s = Maximum slew angle on the é]ope side

' By e T '

(- )

of the BWE;Q}, *;11ne of advance

A
¥ pai "
Pt A

Minimum s

Ymin .;éie defined by digging

head design (determined usjng equaiton

4.11)

A1l other variab]es are as previously defined.

4.2.4 Cut Width Z

3

The width of a block mined b& a BWE not only depends on
the BWE design parameters, but also on the bench height,
side slope angle ana tﬁe slew angle on both the s]opé side
and pit side of the BWE. The block width can be measufed
either at'the top or at the bottom of the bench; Wt aﬂd Wb

in figure 4.8:

The block width at the top of the bench is used for
further analysis. Referringgto figure 4.8, the block width
(Wt) can be divided into two components, one on either side

of the BWE gentreline of advance, (Wt' and Wt’’').

“

‘The maximum block width on the slope side of the BWE

centerline, Wt', is excavated]when‘the wheel slews. a full 90

A
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degrees on the top terrace. This maximum width can be

defined as:

Wt' =LBxCos(Kh)-E+R : 4.14a

i
P

where R is the radius of the digging wheel to.the cutting
lips. In practice, the load boom is not always swung the

full 90 degraes;.fﬁerefore, a more general equation is:

‘Wt =[LBxCos(Kh)-E+R]xSin(¥s) = 4.14b

~

where s is the maximum slew angle measured on the slope

side (of the BWE centerline) at the top of the bench.

“When calculating Wt’, the minimum siew ang]e,,}ymin
cannot be ignored. To‘ensure that a given side slope angle

~ can be formed, the following must hold true:

(Wt’ -L1)»Y1 I ' 4.15
where .
L1=H/Tan( ) | | . 4.5
Y1z [LBxCos (Kd) -E]xSin($min) " 4.15b
and
J N
Wt' - Width of block at the top of the

bench, méaéured on the s]opégsidemof

the BWE, (equation 4.14b) ¢

A
7

X
n

£

Slope height

S

Sﬁde;§15pewang1é

AT
g
bﬁ'. SO

g 4 !



" Ymin & M1n1mum slew angle defined by digging

head design (equat1on 4, 11)

_ The block width on the pit side of the BWE centreline
of advance 1s defwned us1ng the maximum slew ang]e on the
bottom terrace, ﬁlp From figure 4.8, the maximum block

width at the bottom of the-pit~side is:

Wb’ = [LBxCos (Kd) -E]xSin{ 7p 4.16

Based on this equation, the width on the.pitvs%de of the BWE

at the top of the bench, Wt", can be defined as:
"=Wb' - L1 ' . , 4.17

where L1 is defined by equation 4.15a, and Wt' by equatioh

C4.14b

AT ' Lo
i

G :
ihé total block width can now be defined as:

oy

WE=Wt'+Wt' o 418

49
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- 4.3 Dropping Cut

4.3.1 Introduction

The ability of a BWE to form dropping cut slopes is

o

limited by:
1/ Minimum front slope ang]e»as a functioﬁ of
| bench height and depth of advance |
2/ Maximum advance as a function of bench
height and front slope angle
3/ Minimum and maximum side slope angles ae.{

funct1on of bench he1ght
4/ Width of cut as a- funct1bn oF bench he1ght

and side 'slope angle

The above re]ationshfps are important in mining eiope
design, and 1n'the selection of a BWE capable of forming the
requjred slopes. To aid in the quantitative definition ef
.these 1im1ts;‘comb0ter programs are deye]oped in Chapter 5
incorpofating the re]atiohshibs deve]oped within this

i

section.

¥

Cafcu]ation of the.load boem inc{ination is important ’
" to the development of the relationships within‘this section.
The 1owest‘1oéd boom inclination, given by equation 4.1a is
Etill-val{d; however, for other digginq\uheel locations, the
load boom 1ncl1nat1on must be calculated slightly d1fferent

from those given by equations 4.1b/c/d. In a dropping cut,



the digginngheel is located a distance R above the actual
‘ o
cut height; therefore modification of eguations 4.1b/cldng
yields: | '
Sin(Kh)=(HM—Y)/LB if  (H+R)HM 4.19a
Sin(Kh)=({H+R)-Y)/LB if (H+R)<HM and (H+R) )Y
4.19b

Sin(Khi=(Y-[H+*R))/LB if (H+RIgY ~ 4.19¢

A1] variables are as previously defined.

4.3.2 Front Slope Angle and Advance

The maximum bench height (Hdmax) .to which a dropping

cut can be used, is defined as:
Hdmax =HM-R K | . 4.20
If a bench is higher than Hdmax, the top portion of the

bench must be remdved with a terrace cut. It is assumed

this terrace cut does not influence the‘dropping cutuportjon

of the s]ope;'thefefore,‘if the bench height is gﬁeaterrthen’

Hdmax} the value of the slope ca]culated_at_Hdmax'is

3

assigned to it. ,

The re]at%onship between the BWE desiqn parameters and
the front minﬁng face, is a function of both excavator

advance and slope angle, (as outlined in Section 4.2.2).
r\% . . N - . ., .. ‘
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Two limitations result from this inter-relationship:
1/ Minimum front slope angle as a function of
bench height and excavator advance:

2/ Maximum advance as a function gf bench

heigh‘,nd front slope angle

52

Starting with the first limitation, three limits on the

advance must be imposed:

1/ Interfe%gnce be tween fhe crawler and the-
s}ope toe must be prevented

2/ .In;erferénce between the load boom and the
éine crest must:be avoided

3/ The maximum depth of advahce, A, should not

exceed 0.7 times the digging wheel diameter

'Interference.between either the crawler and the s]opeb
toe, or the load boom and the slope crest, can result in
damage to the excavator craw]ers‘or load boom. To prevent
this damage, the max imum adyanée of the excavator into the
face, and consequéntly“the minimum front slope angle, may bé

limited by these considerations.

A maximum advance of 0.7 times the digging wheell
diameter limits the number of buckets digging at one time,
and assures there is adequate power available for both

cutting and 1ifting of the material (Venkataréhéni, 1870) .



This factor of 0.7 is also recomnended as the maXx imum

terrace height in a terrace cut. In some circumstances, an |

- operator may want to exceed the 0.7 factor. This can be

done subject to an absolute maximum obtainable advance equal

to the digging wheel diameter.

The minimum front slope angle is calculated using the

digging wheel centers, (see figure 4.9), thus, it can be

‘calculated simply as:
Tan(Pmin)=H/X4 | 4.21

where

B min Minimum front s]dpe angle

H = Height of front slope (hot to exceed
Hdmax defined by equation 4.20)

X4 = The horizontal distance of_the>front

s lope

The distance X4 is subject to resfrictions,p1aced,on it
by the maximum advance 1inytalions given earlier. The

general form of this distance is:

- X4=[LBxCos(Kh)-E]-CL-F-A 4.22

.

3

where, F is given by equation 4:3,vand A is the advan@@m‘ '
. - ) g 4

(maximum of 0.7 times the digging wheel diameter):. If

inter ference occurs between the load boom and the slope \

crest, maximum advance, A, is defined by equation 4.8.

o
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The minimum front slope angle is a function of advance;
therefore, it can bevused to find the maximum advance
relationship. Using the first limitation, (interference

between the crawler and slope toe), the maximum advance is:
‘A=[LBxCos(Kh)-E1-[H/Tan(P)]-CL-F . 4.23

where, P is the given front slope angle and F is definéd by
equation 4.3. 1If the maximum advance is limited by the
interference between the load boom structure and the slope ¢

¢hest, then:

Az[LBxCos(Kh)-E]-L C 4.24

where L is defined by equation 4.5,

Both equations 4.23 and 4.24 are limited to a'haximum

advance of 0.7 times the digging wheeT diameter.

The distance the excavétor.must retreatkfrom the face
to form thé required front slope angle must also be
1nvestigated.' To farm the front s]ope,‘the;1oad boom pivot
point must be moved the proper distance, (Rodgers, 1971).

" This distance, (X1 in figure 4)10), is measured at the

elevation of the load boom pivot point, and has a value of!:
X1=X4+X2-X3 , 4.25
where,

X4=H/Tan( P ) | 4.%6a
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The.bench height H in equation 4.26a must not excaed Hd
(4 1 .

all other variables have been prev1ous1y def1ned
4.3.3 Side Slope Angle

“v’,
» Lad

The determination of relat1onsh1ps for the m1n1mum and -
. maximum side slope angles is complex. Rodgers (1971, 1976)
pointédwout the difficulties encountered by the State
Eleqiricity Commission of Victoria (SECV), Australia. The
me thod used by SECV to solve these problems, was to use
scale drawings or construct plasicine slopes. These me thods
are accurate, but time consuming: therefore, this study
attempfs to determine mathematical relationships to describe

the side slope angle range.

Before the determination of the mathematical
relationships, it is important to be familiar with how the
slope looks as it is being formed, and after it has been

completed.
]

By reducing the slew angle on éach slice down the face,
a series of steps is formed by the digging wheel, see figure
4.11. If a cross-section 1s taken through these steps,
éebtion X-X, a critical slope angle,c, must be ma1nta1ned

in order to prevent damage to equipment protruding beyond -
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the contour of 'the digging whee].’ This critical angle is

, defined as the vertical wheel free angle (VWFA) as out lined |

(31

in Section'4{1.3,
. : s

, R
By connect1ng the centres of each step, a curve is

formed (Y Y’ 1n0f1gure 4. 11). "1t is along th1s curve that

the VWFA cannot be exceeded. This forms Ehe basis for the ~

models ocutlined in this section.

The related Qeometry may Be sihplifted by projecting *
Y

the slopes. ‘and ang]es down onto a plane represented by the
4craw1er 1eve1 as 111ustrated in f1gure 4. 12 L1 is the |
prOJect1on of the’ actua] side s]ope angle, (measured
perpend1cu1ar to the BWE centre11ne of advance) Xand is

def1ned‘ae: ‘ e

f2H/Tan( &) - : R o .97
tﬁ‘n/ an °<t{}; - - R A 2‘
wher
Lokt = Length of side etope'angle projection
CH = Slope height
o ='Side,elope“angﬂe

~

Line L2 is def1ned s1m11ar]y,.except that the s1de s]ope

,

'dangte(qs taken at,an offset;angle, 8, from 11ne L1 and is:. .

%

. ) . ,. . S e . ' » : o .'l.’

L2=H/Tan(«B) . . .. e Y408,

where - g
C R 4

é

L2 =‘£rojected 1engtn'of side slope at the;fu

3

)



. A
offset angle ©

o8 = Side‘slope angle at offset -angle

To develop the re]atipnship deécribing the side slope
angle for a dropping cut, the distance between the BWE
centreline and the, actual ‘s1ope 1s'required. Using figure

4,13, the dis#%hce can be Ca]culated as:

[LBxCos (K) -E ]+RD ] | 4.29

) Where, the first part of the expression'is the distance to

the d1gg1ng wheel centre, and RD is the d1stance between the

S ¥
d1gg1ng wheel centre and the actual stope. . a.-'*»,w
; ' ' A

The reJat12nsh1p used to def1ne RD depends on the bench
he1§ht used Refering to f1gure 4.13 the bench he1ght can

be d1v1ded 1mto~three zonhes; def1ned as

1/ OGHS(HS+H2) _. 4,302
S/ v(HS4H2)5H<HM o o 4.30b
T W R T
" .':';.. ke ’:;_,. ﬁ . @ . s . ‘~ R >
v AR e g 3¢&; R R
93/ ‘H>HMV_ - T 4.30c
e T )

In Zone One, (defined by eduetidn 4.303), the s1de '
‘s1ope éngTe, (measured from po1nt C to point G); 1s bara]]el
to the ang]e formed by the d1gg1ng whee 1 c?ntres, (meesured
from point A’ to,po1nth),'therefore, W1th1n this zone, the

. S ‘ . C : i Y N
Lo - . . ' . ’ :

60
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D . . C

‘Relationships between the digging wheel and
the actual side slope‘for a.dropping cut ~



& ' - g vﬂivﬁ w
o . . » .‘i’ e
-value of RD in equation 4.27 can be set as: : o

RD=0 | T 4.31

7

For a bench height in Zone twéz.;he distance to the
actual sTope mustAbe defined. In‘th5$*25ne'the side.slbpe
is measured fhom the toe of the s]obéAat the point C, taNfﬂe
cresf of the slope (point J), located within Zone Two. The

distance to poiﬁt C is:

RD=R] ' > ' 1.32a
and to point u ‘

RO®=R*- (HM-HR . ‘ 4.32b
In the ‘above equations: i

S 433
. 4.33b
“ HS=Hdmax+a A & 4.33¢
B B . '8— r, s
H1=RxSin(90-=) - ' 4.33d

. i .

.

-« . . N

i . ¢
p

R is the‘digéing whee] radius, ab is the depth the wheel » -

drops on each s]ice,zandA=(js‘the s 'de s lope ghg]é.u
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1f the bench height is located in Zdéne Three, fhe side

s]ope forms an overhang which usually}breaks off. BecaUse

‘of this, 1t is assumed the side slope angle defined at a

bench height of HM, is va]1d for all bench he1ghts greater

\

4

than'HM.

These relationships will be used throughout this

section.

Model A

As stated previously, connect1ng the centre points of
the steps, fovmed;by the- dﬂgg1ng wheel as it moves down the
facey. forms a’curve. The p]acement of 11ne L2, and

Ea consequently the value of the ffset ang]e must -be set w1th

' rtw1s 1n m1nd - The f1rst cons1derat1on in estab]1sh1ng the

1ocat1on of , lmne L2 is to find a model to describe the curve

Y-Y'. As a flrsz assumpt1on, th1s curve is. repnﬂgented by a

3 N »# O
stha1ght line. : - $$

- ,"’\
A

: Model A assumes 11ne Wﬁ is faxed atmgne end by the

LY

. L g
point A, and on the other by any po1nt alang thé‘arc B- B’ :,A P

(see figure 4.14). To locate Point A, the distances (L1+Y1) '
B

'and X5 aregrequ1red Using peint C as a starting“point:"“ .
K . e ) ‘ 2
X5=[LBXCQsiKh)-E]xCes(Yé)- . 4.34 -'%5,/

3

”
-

pa

and

S(L1+Y1)=[LBxCos(Kn)-E]xSin(¥s) 4.35

Y P ."
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“gn

?

' where, Y1 is® the min1mum d1stance between the BWE,centre11ne

<othe placement of arc B-B' with a rad1us of:

*

LI N

and the side slope toe,)a]] other var1ab1es are as def1ned

previously. . ﬂ/ B

The 1ocat1on of arc B B’ depends on the distance X1

given by equatwon 4. 25 in Section 4. 3 2. By mov1ng a

distance X1 along the BWE centre11ne of adwance, a new po1nt

. D 1s estab11shed Th1s po1nt becomes the cehthe po1nt,for,

S

RB=LBxCos (Kd) -E | ’ .36
s $in(¥mir)=Y1/RB % U
where RB is gtven‘by equation; 4,36, Y1 by{
o : " ' : f\\“ : \..,‘ . .
Y 1=CW+F. ) . j 4.38
o LA

65

and F is a safety distance between the excavator crawler and

, 5 , .
the side slope toe to prevemt crawler ‘damage . lThis Mminimum

slew aﬁ&te is estabhshed to preveht 1nt%erence between

craw]er and side slope toe. Point B’ is fixed us1ng the

- maximum slew angle applicable, (Ys).

-

The 1ocat1on of points B and B’ can nog%be found. The

fo]low1ng equat1ons are used to determine thé& location of

e‘
these end-points, (measured from Po1nt D):
: B :

ROV}



that .can be formed. s

established as: ~;fyfwu

wXB=[LBxCos(Kd)—E]xCos(Vmih) 4.39 .
YB=[LBxCos (Kd) E]x31n(7m1n) o 4.3
XB’=[LBXCos(Kh)-E]xCQs(Ys)‘ | . 439
YBf:[LBxCos(Kh)-E]xS{n(fg)nd'~M o © 4.39d

¥

where the viriables are as previously defined. The;location

of points B and B’ define the range of side slgpe angles
' “ne L .

. g'
- i

BT

The 1nf1uence of the cr1t1ca1 side slope angle must be

con§1dered For aﬁy d1gg1ng wheel des1gn, a cr1t1ca1 51de
slope ang1e «XC, can be def1ned us1ng the vert1ca1 wheel

“aangle see Sect1on 4.1, 3.' W1th this cr1t1cal ang]e and

the slope he1ght a-minimum value fonv11ne L2 can be

£

PN

e e o toRge T g ST
B R . . . .

i v‘ o S v i
" L2min=H/Ta c) o - 4.40
w Ve '

As .stabed prev1ous1y, one end of l1ne L2 is fixed at

Point A. Th1s point becomes the centre po1nt for an arc,

- ;), With radius L2m1n (as shown in figure 4.15). The .

‘f,th1s arc cros-.es arc B-B’ (Shadéd area) defines
lwhere the excavator cannot form the side s]ope
1 -,

;ause the actua] 1ength of line L2 ‘is less than

the calculated minimum value L2 in. The range of s1de,slope

angles therefore, is deffined as: " ! -
Yo ' ° o - . . , i

. wmini§ « «max! and xmin2¢ o¢ exmax2 - 4. 41

66
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where

L)

Minimum possible side slope'angle

~mint =

ocmax i = Lower intermediate Timit of the side
‘slope angle range,

min2 ="0pper intermediate limit of the side
‘slope angle range |

omax2 = Maximum possible side siope angle -

To determine these side slope angle limits, figure 4.15 can

&

be used.

To avoid damage to the excavator crawlers, a minimum
S

slew angle must be established assin equation 4.37. Using

‘this slew angle, the minimum side siope angle can be defined

¥

ih the’followihg manner :

To determine the minimum side slope angle, the maximum

“value of L1 is'required. The maximum value .is defined as:
% :

-~

L1z (L1+Y1)-Y1 | e 4.4%

Tt L

E

.

Y1 = The minumum distamce between the BWE |

‘ | ;
centreline of advance and side s]ope;’
toe to prevent crawler démage

The maximum disflance between the crest

—
—

+
3

tr

‘ofkthelglope @nd Xhe BWE centerJine of

advance S

. : ' A / . .,
. 51 ! ) ’

s %
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It is convenient to write equation 4.42 this way because:

(L1+Y1)=[LBxCos(Kh)-E]xSin(¥s) 4.43

-

and
Y1={LBxCos (Kd) “E1xSin(Ymin) 4.44

thus, obtaining the maximum value of LT Wit? this value,
, .

the minumum slope angle is:

. Tanxmin)=H/(L1+RD) ‘ - 4.45

IWhere H and RD are as defined at the start of this section.

The maximum side slope angle can also be defined using

equation 4.42; however, Y1 is the maximum distance bgftween

the BWE centreline of advance and the slope toe; defined as:

-
v

v1= @ BxCos (Kd)-E ]xSin(¥s) | 4.16

' lf'L1 is zero or negative, the maximum side s]obe angle is

set to 90 degrees, otherwise, the angd@emay be found using
equation 4.45. - ‘ ! . ”

. 4% D . - e

To. define the intermediate limits of the side slope@~

b2

angle, the ares where args G-G' and B-B’ cross, ¢df be

located inside 31961 as in figure 4.16. By finding the siew

angles to the edges of this box, (points a' and b'), the

valugs of the'iﬁtermediate limit slew angles will be

bounded. The following equations can'be used to detenmine

¥

r—

«)QHese bouhdar&\s]ew angles: : . '

4

¢

,5.“”'.,,; P

~

69
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" be used to determine the actual intermediate -1imit slew;*

- S1n<sé§lb=[(L1+Y1)—Lzminl/[LBxcos(Kd>-E1 447

'

Sin(SLb’ )= (X1+X5-L2min)/[LBxCos(Kd)-E]  ~ 4.48

'whereb(L1+Y1)is'defined by equation 4.43, L2min by equdtion

4.40;‘X1 by equation 4.25, and X5 by equation 4.34.

Once these boundary slew angles are defined, they can

iy

1,angles. The actual values of the intermediate slew an’.‘g.

T

(a’’ and b’''), must be defined using an iterative‘mé

The approach used is based on the fact that at the %

a'' and b’'’', the following equation holds true: 5

L2=L2min S 49

VYmin in the above'equation is defined by equation 4.40 and

.

L2 by:

v reiaxhet 4.50

by 1 ’

where -
o . |
L2X=[LBxCos(Kd)-E]xCos(Sk)-X1-X5 | 4.50a
L1=(L1+Y1)-[LBxCos (Kd)-E1xSin(SL) 4.50b

and. (L1+Y1] is defined bx‘equation‘4.35, X1 by equation
) ' 4
4.25, X5 by equation 4.34, and.SL is the slew angle at a'’

or b"'. .
Y ' ~

AN
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Once the values of SLa’’ and SLb' ' are fednd. the

- corresponding, side slope angles can be calculated using:
o . .

\Tén(°<)=H/(L1+Rb) ‘ “ 4.51

where H and RB are as deF1ned at the start of this sect1on

and- L1 is def1ned by equ§t1on 4 50b.

» 5.

At any gwen ma;1m?slew angleh ‘ys, and bench height,
a part1cu1ar BWE can fori*a range of side slope angles~g1ven
by equat1on 4 41. Under specific geolog1cal conditions,
however, the side slope angle required may fall within thew
range the excavator cannot form. This problem can be )
overcome by reducing the maximum slew angle ’75.’ Figure
4.17 shows the area where arcs G-G' and B-B’ cross h?s been
reduced by lowering the maximum slew angle; all other

parameters are Kept constant. i "

Although the maximum slew angle can be ﬂgduced i an

"

_ . ‘
effort to form the required slew angle, it can only ke

reduced to a point defined as:

sin(¥ms)= CW+F+[H/Tan(“ }1)/{LBxCos{ Kh)-E ]. 4,52

where

Minimum value of Ys

&
3
7]
i

2

‘Given side slope angle - E N,

rs
mai

3

1"

Safety distance between the edge of '

- %he crawler and the side slope toe
S D"‘\‘ e

fa B
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74
The maximum slew angle must be Kept greater then s to

prevent interferenc§ Petween the‘qrawler and the slope toe.

Model B
k43

In Model A, the development of the side -sTope angle
assumed that line L2 has two fixeH endpoints. Model B is
similar, except L2 is fixed only takone.endﬁ that is, it

must be fixed ai any point‘along the arc B-B’, (see figure
: . . , 4

I3
I
K,

|

~

The direction of line L2 assumed to be perpendicu]af
to the load boom centréline, measured'at‘the bottom of the
bench. This assumption is used, because the critical side
s lope ahéle cannot be exceeded a]qﬁg’tﬁis lfne, {(line X-X in

figure 4.19). j
' /

Usipg the definition above, the offset angle, 6,

between line L2, and the actual'g&ope,]ength L1, is simply:
v << P

8= Ymin o |  4.53

. where

8 *_= Dffset angle

Y min 2 Slew angle at bottom of slope . .

With the»locafién'of line L2 established, its actual
length must be'checked against the imposed }imit L2min,
(defined by equation 4.40).. The actual length of line L2

is: . i

L]



C'r%sts of . Side Slbpe

BWE C. of Advance

L \
X -
k X P >k X5 5% X1

FIGURE 4.18. Location of line L2 ‘and arc B-B' for
Model B :

»
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where L1 15 defined uswng equé?1on 4.27 and tif dfﬁs?t

. L2:L1/Cos(8)

3 angle, 8 , has limits of:

wheng

¥ming 6¢Y's

v

\ymin

v,

Depending on the

£

"

maximum slew angle on

parameters,

Y

{
e

=y

4.54 -

&/ /

"4 .55

4 ’ . : -
Minimum slew angle imposed by

excavator design (equation 4-45]

Maximum slew angle os\iie slope s1de /
'Y

of the BWE centre]1ne

slope height, side slope angle,

the slope s1de, VWFA, and BWE design

» has the form given by the equation 4.41, that is:

(;

where

°<m1‘h1<‘ X Xmax! and exmin2g o¢§ sxmax?

o<mini

ocma x 1

ocmin2

o¢ma x2

Minimum possible side SIOpe
Lower intermediate limit of
angle range

Upper intermediate 1imit of

~ angle range §

“Maximum possib1e>sidemslope

(9

there is a r;nge of s1de s]ope angles wh1ch also

4.56

ang]é

side slope-

side slopé

angle

-



i

' Figure 4.20 can be used to show equation 4.56 is va]ﬁd.“

Because of the assumption used, as thé slew anglé increases,
the length of line L2 dgcreasei until a point is reached
Qhere L2 is a minimum. Inéreasing the slew angle beyond
this point res&]ts»in incr;ased values for L2. This is.

shown in figure 4.20 as: o ' ‘ .

N  L2a > L2b < L2c - : 4.57
Moving one step further: if L2min is larger than the miﬁimum

value of«L2 (L2b), there is a range where the side slope
i g . . ' ‘ » :
angles cannot be formed. Referring to- figure 4.20:

\ ]

i

L2a > L2min > L2b < L2min < L2¢c 4.57a

thus confirming the range given by equation 4.56.

)
- The minimum and maximum values of the side slope angle,
- o¢mirtd and o¢max2, given in equation 4.56 are defined in the
L] .
same manner as in Model A.

As in Modei A, the determination of the intermediate
sﬁde slope Timits requifes an iterative method. These
intermediate 1imit slew angleg must first be bounded. The
minimym slew angle possible for the lower limit, (point a".
imFiglre 4.20) . is defined by equation 4.47, while the
' max imum possibie slew angle for the upper 1imit is given by

the maximUm slew angle f’s. Thé qctual Qa]ueg o% the /

-

intermediate 1imit slew angles, a'’ and b'’", fall within

78
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80
these bouhdry limits.
S " a
To define the slew angles at the actual iz}é;mediate
Timits, (a“\vaqq b'’'), the following equation is again usefd:
). L2=L2min ) , 4.58
where, L2min is defined by equation 4.40, and L2 by:
L2=L1/Cos(SL) ‘ - : 4.59
¥ : T : ‘
L1 .in the above equation is defined by equation 4.27, and SL
i's the slew anéle at a'’ or b"'. ‘ |
Once these 11m1t s]lew angles are detemnﬂbedﬁyfye slope
S
’1;’4‘&, .
angle are calculated using: o-@ﬁﬁ
b

~ Tan(e)=H/(L1+RD) . ' 4.80

where H and RD are as defined at the start of this section,

and L1 is defined by equation 4.50b.



Model C ;

P

Model C employs the definition of the side slope angle
bused by the State Electricity Commission of Victoria, ‘
Australia, (see figure 4.21). In this method, L2 is not
restricted to being a straight line from toe to crest as in
Mode]sMA and B, but is made up of tﬁé segments( These'
segments are defined by the steps formed by the digging

wheellas it moves down the face; therefore determination of

the magimum and minimum side slope angles is more complex.

TAe minimum side slope angle for a given excavator is

_calculated as:

Taniemin) =H/ ([ (LBxCos (Kh)-E+RD)xSin(¥s)1-Y1)

4.61
where N
H = Slope height (as defined at the start
of this section
RD = Distance between the digging wheel

centre and the actual slope crest (as

,def}ned at the start of this section)
and Y1 is defined by equation 4.44.

To ensure the minimum side slope angle given by
equation 4.61 can be formed, a check is made. This check
requires the interval length of 1line L1 on each step made

7
I3
’

/

81
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&

;
down the face; N
, AN
: )‘l
L 1ab=ab/Tan &min)’ - 4.62
¥
where ‘ , ‘
L1ab- = Interval value of L1 on each steb
ab = Drop distance on each step (
Xmin =

Minimum side slope angle defined by

equation 4.61

The value of ab in equatioh 4.62 is:

ab=(D-D1)/2 \ 4.63

where

o
1

Digging wheel diameter to bucket

cutting lips

D1 Digging wheel diameter without buckets

(at wheel rim)

The slew angle at a distance (Yi+Liab)is also required,

see figure 4.22. this angle is defined as:

Sin(YL1ab)=(Y1+L1ab)/[LBxCos(Khab)-E] 4.64

where

Y 1ab = Slew angle at (Y1+L1ab)

83.
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Y1 ' = Minimum distance between the BWE
centreline and toe of side slope,

(defined by equation 4.474)

L1ab = Defined by equation 4.62
Khab = Load boom inclination at a height of
. ab above the crawler level
The length of XYB in figure 4.22 is now calculated as )
follows:
YB=[LBxCos(Khab)-E]1xSin(fL1ab)-Y1 4.65a
XB=[LBxCos(Kd)-E]xCos (Ymin) - XBB . 4.85b
XBB=[LBxCos (Khab) -E ] xCos (L 1ab) 4.65¢c
XYB=((XxB*)+(YBY) )" 4.66

4

To form the minimum side slope angle given by equation 4.61,

the fulowing must be true:

XYB2L2min 4.67
where L2min is the minimum length of line L2 for a slope
height of ab; defined as:

L2min=ab/Tan(ec) , 4.68

where oc is the critical side slope angle (VWFA).

The maximum side slope éng]e that an excavator can cut

is 90 degrees; however, as soon as an angle of less than 90
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degrees is required, difficufties may arise. |

For the meximum side slope ahg]e, thetcritical Pength
. of L2m1n, as defined by equat1on 4.68, must always be
app11ed to the curve d1stance, XYA on each sl1ce down the
'face, see f1gure 4.22. The slope d1stance L1ab is, then

| ca]culatedvfor each e}1ce and added to define tJ;/tctal

" slope d1stance L1 It must be ncted that the intehva]a
‘values of L1ab on each sl]ce are calculated using an

Jteratdve method.

Once the 1ehgth'of L1 has been calculated, the maximum

"side slope angle is: ; ; i R : ~A

Tan (emax)=H/ (L1+RD). S 4.69

3

“where H. and RD are asqdefined-at the start of this section.

‘4.3.4 ‘Width of c&t,

Ct

The determ1nat1on of the cut width for a dropp1ng cut

"'rcan be done 51m11ar1y to the method devetoped in sect1on ‘

42,40 As. 1nd1cated in figure 4.23, the blocks width,

" (measured at the top of the bench) can be divided into p1t

’7{,s1de and: s]ope s1de,‘(Wt’ and’ Wt”) as defined by its { )

retat1on to the BWE centre11ne of advance

The cut widtf on the slope side of the BWE centre11ne,

'Wt’, 1s def1ned as:
!

N
3
s
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FIGURE 4.23 Width of cut
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Wt’ =[LBxCos (Kh)-E+RD1xSin(¥s) - 4.70

where

Ys

Maximum slew angle on slope side

<

RD

Distance between digging wheel centre

and the actual slope crest

The distahcelRD used in equation 4.70 changes dépending on

the slobe height and can be defined using figure 4.24.

ﬁhe slope height is divided into four zones:

1/ O§H<Hs ' o | | 4.71a
L2l HsgH< (Hs+H®) \\_,/) | \ ’ v fQ;457f5

3/‘ (Hs¥H2.)\<H<HM | o 471c s

. 3 o 4 .‘7-1"4\ |

H in'the‘avae eqUations is equal to the S]Qpe”hEighi;iaﬁd:

SHS=Hdmax+éb | : ,“  . “4,723

 H2=R-ab-H1 “ | o \4'.7‘2b

':H1=RXSin(90—°<) \ o | ‘. | '4.72§§SW
~wheré



Zone 4

Zone 3

N

\ :Il,\./

Zone 2

Zone 1

o

&

D, C . g

CFIGURE 4.24

Determination of the actual distance between
the digging wheel centre and the actual slope
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Hdma x = Defined by equation 4.16
“ab = Defined by equation 4.63
R = Digging wheel rédius’to bucket 1lips
o =

Side slope angle

" In Zone One, (defined by equation 4.71a), RD is equal

to the distance R2 in figure 4.24:
!

 RD=R2=R1-R3 4.73

where .
R1=RxCos(90- &) ’ ) 4.74
R3=H2/Tan (%) | . 4.75

and H2 in equation 4.74 is defined by equation 4.72b. If

the bench height falls in Zone Two, (as defined by equation

4 4.71b), the following relationship can be Uséd to.define;RD:

RD=R1-[ (H2-[H-Hs])/Tan (e ] ‘4.75

where R1 is given by equation 4.74, H2 by 4.72b, and Hs by
4.72a. For a bench height in Zone Three, (as defined by
equation 4.71c), RD is:

N

roM=RE- (am-n)

4.77>

In Zone Four, an over hanging slope is formed which usually
breaks off. Because of this. the value of RD is assumed to

be equal to the digging wheel radius, R:

+90
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The width of the cut on the pit side of the BWE

centreline , Wt’'', is.defined as:

-

Wt' ' =[LBxCos (Kd)-E1xSin(¥p)-L1 4.78

where Y]D is the maximum slew angle on the pit side, and:
L1=H/Tan(“)ﬁ o 4.79

H in equation 4.79 is the s lope height and = is the g1ven

side slope angle.

The total cut width for a dropping cut will be defined
as! ‘
Wt=wt’ +Wt' ' o 4.80

7

where Wt’ is given by eqguation 4.70, and Wt'’' by equation '

4.78. 3 \\



5.0 Computer Model Development

5.1 Introduct ion

In Chapter.4,,re]ationshi;;)between the BWE design
pargmeters and the mining slope were developed. To make
these relationships readily available to potential users,
computer-mode]é\were developed which incorporate these
relationshibs. " These models are designed to aid the mine
planning ehginéer by reduéing fhe work load required to
desigﬁ mining‘siopes or select a suitable BWE. In this way,
he need only concern Qimsélf MithotheuinpUt ané,output

parameters, and not with the details of the relationships

themselves.

This chapter gives the uses for each of the programs
deVeloped from the relationships ih Chapter 4. Also
provided is a flowchart showing the program deve lopment .

A

~

These programs are written in IBM Advanced Basic
(BASICA) for use on the IBM personal computer (PC), and a
Huston Instruments (DMP42) plotter.. | (M

As a guide to the location of each of the models \\»

-
developed in this section, they are listed below in order ofﬂ/.

&

their development within this section.

/
1/ Minimum Front Slope Angle and Maximum Depth

of Advance as a function of Bench Height for
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the Terrace Cut; (see Section 5.2)

‘27 | 'Mihimqm Side Slope Angle as a function o#
Bench Height for the Terrace Cut: (see
Section 5.3)

3/ Width of Cut "as a function of Bench Height
and Side Slobe,Angle for the Terpqce Cut;
(see Section 5.4) '

4/ Minim&m Front Slope Angle and Max imum Depth
of Advance as a fuﬁction of Bench Height for
the Dropping Cut: (see Section 5.5)

5/ Range of Side’SIope Angles as a function of‘
Bench’Height for the Dropping Cut (Model A):
(see Section 5.6) - N

6/ Range of Slde Slope Angles as a a funct1on
of Bench He1ght for the Dropping Cut (Model
B); (see Section 5.7)

7/ Range of Side Slope Angles as a function of
Bench Height for the Dropping Cut (Model C):
(See Section 5.8) )

8/  Width bf'Cut as a function of Bench Height
and Side Slope Angle for the- Dropp1ng Cut;

(see Sect1on 5.9)

These computer models are interactive tb)accept the BWE
design parameters from the user. The program also asks the
user whether input data changes aréwrequired before exitihg
the program. This eliminates the need for data re-entry for

multiple runs.
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o

The models developed in this section are set up to
médél small compact (standard) BWEs. Large excavators are
customixailored. and their'desigh reflects the operation’s
specific needs. The standard excavator on the other hand,
already has been designed (wilh‘a‘proyision for minor design
éhanges), and a machine must be se]ected'to meet 'the
oberations needs. A series of tables or p]oté outlining the
limitations of these standard machines can greatly aid in
this selection process. Also, these tables or plots can be

used to aid in the day to day planning of an operation

already utilizing this type of excavator.

The relationships developed in Chapter Four are a

function of bench height, and some other parameter which >

must be givén. The programs use pre-set values for each of
these required parameters. Although the compUter mode 1s
were’deve1o§éd specifically for compact BWEs, they can be
easily médified to accommodate any size of machine.

5.2 Minimum Front Slcpe Angle and Maximum Advance of an
Excavator in the Terrace Cut S

5.2.1 Introduction and Model Uses

\
Fhe relationships used for this mode1 may be found in
Section 4.2.2; the specific equations used are 4.7, 4.8 and
4.9. This program is used to determine the following

limitations.
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1/ &inimum front slope angle as a function of
bench height and excavator advance
2/ Maximum excavator advance as a function of
bench height and front slope angle
o
The output froq{these two relations provide the same
information; however, it is easier to use one, or the other

depending on the 1imit being determined. z*

ﬁ
The primary purpose of both types of output\jsﬂto: n

' - R R c 3 TS
However, there‘are also several secondary We€s, Hiad

below:

A1 Find the minimum front slope angle, given

| the bench height, and required excavator
advance

iii Find:the maximum advance, given the bench
height and required front slope angle

iv Find the maximum bench height, gfyen the
front slope angle, and required éxcavator

advance

A listing of the program is provided in Appendix I-1

along with a sample run. Appendix I1I1-1 shows sample output
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in both table and graph form. The flowchart used to develop

this program is shown in figure 5.1.

5.3 Minimum Side Slope Angle for the Terrace Cut

4

5.3.1 Introduction and Model Uses

¥
The minimum side slope ang]e-depends on the BWE design
‘parameters, bench height, and the mini im slew angle. The
relationship used in this model is giv\n by equation 4.12 in

Section 4.2.3. \

The output produced, relating minimum side slope angle
and the bench height, can be used in several ways. The

primary use is to:

1 Detefmine if a particdlar BWE can form the
required side slope angle given a required

bench height

This output also permits the following limits to be

determined:

ii Find the minimum side slope angle, given the
bench height and the maximum slew angle,
($s)

iii Determine the bench height for a particular

side slope angle and maximum slew angle,

(¥s)
&
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EAIE

T

b, LBy, HM,
£, ¥, L,

Kj

( CW, LhW
SET ' v
’ YES i
¥ d, HMIN
o K, H:}HMTN
HMAX, It SToP
51T ) SET
Kh, Advance PLOT Kh, Fsha PLOT
J . sTOP
SET SET ]
Minimum FSA Maximum = '
| 4 Advance
i
A=A+1 FSA=FSA+10
SET p SET
P H=ti+. 5 ) | | n=n+.s
8

FIGURE 5.1 Flowchart showing the determination of the minimum
front slope angle and maximum advance for a terrace
cut



AV Determine the range of maximum slew angles,,
G ‘
ﬁw, . (Ys), required, for a given bench height and
L o
L side slope angle

j
‘The relationships given above are dependent on the minimum

slew angles, and they change accordingly.

A listing of the program can be found in Appendix 1-2
together with a sample run. Appendix 11-2 shows sample
output in both table and graph form. Figure 5.2 shows the

flowchart used to develop this program.

5.4 Width of Cut for the Terrace Cut

5.4.1 Introduction and Model Uses

One of the most important slope design considerations
is the cut width. It is this relationship that influences

conveyor moves, productivity and the overall mine désign.

The width of a cut depends on the slope height, side
slope angle, the maximum slope side and pit side slew
angles, and the BWE design parameters. The relationship
used to develop this model is given by equation 4.18 in

°

Section 4.2.4.

The program developed in this section alldws the
operator to analyse the results of design changes, simply by

changing the program input variables.
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START
epyT E ?
D, LB, HM,

Y, ¥c

E,

SET

Ymin, Ka, N,

HMAX, HMIN, H

Kh. SL ) PLOT

SET
Minimum Side .
Slooe Angle : )

v

SET
SL=SL-10

FIGURE 5.2 Flowchart showing the
determination of the minimum side
slope angle for a terrace gut

QUTPUT

Minimum
Side Slope
Angle




The joutput obtained from the this program can be used

“' in, several ways.. The primary use is:
¢ . }

i »Determ1ne if a part1cular BWE is capable of
form1ng the requ1red bench height, cut

' w1déh, and s1de slope angle

Therefﬁﬁg a]so severa1 secondary uses: for the output as
1‘/(\ ¥, . ] N

listed below: ns , .w 1
i e ‘

i ~Find tHé.possible'éombinatioﬁs»of the
~ maximum slew angles, (¥s ‘énd Yo, for a
,given‘bénch heiéht‘requiredtsidé s lope
lvahg]e,hand desired cut width |
oA Define fhe wi?th of a cut, given the bench
\5height'required side slope angle, and the
v o maXimum slew angles, (»Ys:and ?p) ‘
| A «4§“” ;Define'thé reqdired pit side sIew‘angle,
( Yp), given the bench}height,/réquired‘side
s]qpe.ahg¥e?-éut width desired;.and‘the'
maximum slew angle oncthé”slope side, (‘yﬁ)
v Définé‘the rquiréB side slope slew angle,
| ( 95),‘givenfthe bench héight,xrequ{red side

L ? s ‘> . : v o N . v ‘ ‘ﬁ" )
. ., - slope angle, cut width.desﬁred,-and'the pit -

~. ' side slew angle, ( ¥p) |
| ' vi’ Fihd the minimumisidek§]ope‘angle,_givén the
. berich height, cut width desired, and the
T ma x i mum élgw ang]es,b( f% and fb)‘ J
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vii Find the haximum.bench hefghtr given>the
‘ desivéd‘EUt widty, required side slope
ang]e, and the maximum slew angles., | ¥Ys and
Yp) \\“
A listing of the program can be found in Appendix I1-3,
- along w1th a sample run. Append1x II 3 g1ves samp]e output
in both table and graph form. Fjgurev5.3 shows the -

A

flowchart used'to4develop this progrgm., o

‘5.5 Minimum Front Slope Ang1e and Max imum /.\dvance f* the
' Dropp1ng Cut

£
&y

5.5.1 Introduction and Model Uses
This program contains two relationships:

1/ Minimum front slope angle as a function of
" bench height and given advance
e SR , SRR v

2/ Maximum advance as a function of bench

height and given front slope angle

The relationships used to develop this model are given by

equations 4.21, 4.23, and 4.24 in Section 4.3.2

H»The_output.from these two re]ationshﬁps,provide the
same information and can be used in several different ways.

The primary purpose of both sets of output is to:



INPUT
D, LB, HM,

E, Y, ~c,

Js,¥p

SET
K3, HMAX, H,
HMIN .

SET

SsA, Kh

-

New pData

PLOT

1

SET
Cut Width

!

SET
SSA=SSA+10

ouTPUT
CUT WIDTH

SET
H=H+.5

-FIGURE 5.3 Flchhart showing the
determination of the cut width for
a terrace cut
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i Determine'if a particular BWE is capable of
>
form1ng the required front. s]ope angle and

advance for a given bench height

Secondary uses for this output are:

i Find thelminimum ?ronth1ope angle, given
the bench height and required depth of
advance |

i F1nd the maximum depth of advance. given the
bench height and required front s]ope angle

iv Find the maximum bench height, given the

required front slope angle and advance

Although both sets of output can be used determine each of
these limits, it is easier to€§se one, or the other,

-depending which Timit'is being determined.

A listing of the program can be found in Appendix 1-4
along with a samp]e,run.\ Appendix I1-4 shows sample output
in both table and graph form. * Figure 5. 4 shows the

‘,Fiowchart used to to develop this program.
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" START

INPUT
D, LB, UM,

£, Y, HMIN,
Cwe LBW

SET §FT
F, Rd, HMAX,

HT, N, H

H=tMin PLOT

PLOT
- Table #1

SET
Kh, Advance(A) PLoT
£
¥
SET Advance
ai a
L1 HT/FSA
Advance
FSA=90 _W H/FSA
SET
FSA Advance (A) 4
a B
HT/LL
A=0
. ’ YFS X
- NO
' ~ SET 1 SET .
A=A+l )
) FSA=FSA+10 ¢
i .
YES
NO
SET QUTPUT SET ouTPUT
H=H+.,5 Minimum H=H+.5 Maximum

Advance

FSA

FIGURE 5.4 Flowchartishowing the determination of the minimum front
' slope angle and the maximum advance for a dropping cut



5.6 Range of Side Slope Angles for the Dropping Cut
(Mode1 A)

5.6.1 Introduction and Model Uses <

The major problem in designing a dropping cut is the
determination of the side slope angle. The relationships
’Qinvolved are'complex and require making some assumptions.
The program developed in th%s section uses the assumption

"outlined in Section 4.3.3 (Model A).

Thé output from the program developed using the -
relationships from Sectfon‘4.3.3 (Model A), can be used in

several ways. The primary use is to:

i Determine if the particular, BWE is capable
of forming the side slope, given a bench
height, maximum slew angle, | Ys), 5nd the

front slope angle
The output can also be used to:
ii Find the range of side slope angles possible

for @ given bench height, the maximum slew

angle, (¥s), and required front slope angle
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i1 Find the range of maximum slew angles,
{ %3). given the bench height, the required
side slope angle, and required front slope
“angle
iv Find the range of front slope angles which
| can be used, given the bench height, maximum
slew angle, ('fs), and the required side
slopé angle =«
v Eind the maximum bench height, given the
required side slope angle, maximum slew

- angle, ('s), and the front slope angle
,‘*. )

AN required
In the above uses, the maximuh slew ang]e,‘fs; cannot be
less than the minimum slew angle calculated for an

excavator.

This model does not describe the side slope well and
was rejected. Because of this the program.]isting and
output are not provided.’ Figures 5.5a and 5.5b show the

flowchart used for this program.

5.7 "Range of Side Slope Angles for the Dropping Cut
(Model B) ‘ '

5.7.1 - Introduct ion and Model Useé

Model B employs a different assumption for developing

the side slope angle range than is used for Model A. The
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START

SET

HMAX, Xd, Ymin
HT, Ymax, H

’

SET

Ih

[— -
| SET

| SSAs (see fig
5.5b)
I

- _——

]
]
|

J

SET
H=H+.5

FIGURE 5.5a

PLOT

+SSAs to
previous
values

Flowchart showing the (e
side slope angle range f
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By
v
| o
(/1,/n/“

i¢

termination of the
or Model A ‘
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Ly, L2, smnl,
~max2

SET SET
~Nax= g9n
R{TES 1)
SET SET
I, b L1, L2n
SET
' 128
R |
SET SET N SET
max2=0 ygfj‘[uQ wnin2=0
wyninz=0 . o max2=0

H : SET

otmin?

L 1L
¥ .

L1, L2A l GO TO MAIN " |
| 5.5a} .

(fig 5.

C

t -
SET SET .
wmax1=0 5’5\=S'1\'O ’
. «rin2=0 wmaxl .
13
(\ e —
r.\
| o 1o MAIN
| (fig 5.5a)

FIGCURE 5.5b -Flowchart showing the determination of the
side slope angle range for Model A (cont)



program developed in this section used the assumption

outlined in Section 4.3.3, (Mode] B).

The output developed using this model can be used in

several ways. The primary use is to:

i Determine if the given BWE is capable of
forming the side slope, given a bench height

and maximum slew angle, | Ys)
The secondary uses of the output are:

> i Find the range of side slope angles \\\\
possible, for a given the bench height,\and
maximum slew angle, (¥s)

AR Find the range of maximum slew angles,
(¥s), given the bench height, and the
required side slope angle

iv Find the maximum bench height, given the

maximum slew angle, ( ¥s), and the required

side slope angle

The maximum slew angle, ¥s, cannot be less than the minimum

slew angle calculated for a particular excavator.
.? ‘
A listing of the program and sample output for Model B

is not provided because it does not describe the slope well.

The flowchart used to develop this program is shown in

figures 5.6a and 5.6b.
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wrnT
b, LB, UM
t, Y, HMIN
s, Yp

SET

HMAX, Xd, Ynin,
wr, Ymax, 0

pLor

HOHMAX

SET

S5As to

sSTOP
previous

values

ouvtpuT
5SAs

FIGURE 5.60a Flowchart showing the determination of the
side .slop® angle range for Model B



SET

Li, L2, sminl,
~ max?

, sUT

Yi=Yu-0 4
¥
SET ST
ELYRL L1, L2B

SET
L2B

SET SET SET
wnax 2=0 375=5‘13+Q umin2=0
wmin2=0 wmax2=0

3
SLT SET
< = )

) 14 A yl\*Q wmin?

=% =
Ll, L2A . ‘ GO TO MAIN |r________
|

(fig 5.7a) -
- =

SET 7 SET
Wmax1=0 //%=S/I\-Q
o min2=0 scmaxl
~ * — o
. J
| GO TO MAIN YES NO

| (fig 5.7a)

FIGURE 5.6b Flowchart shoWing the determination of the
side slope angle range for Model -B (cont)
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5.8 ° Range of Side Slope Angles for the Dropping Cut
(Mode1 C)

5.8.1 Introduction and Model Uses N

Model C uses the actual slope to determine the side
slopé angle range rather than the digging wheel centre.
This method was suggested by SECV (Rodgers, 1971, 1976) and
is outlined in SectioanRB.Bf (Model C) .

The primary use of the output developed from this mode |

is:
i Determine if the given BWE is capable of
forming the side slope, given a bench

height, and maximum slew angle, | Ys)

" The secondahy uses of the output are:

i1 Find the range of side slope angles possibie
for a given bench height, and maximum slew
angle, (¥s)
iii‘ Find the range of maximum slew angles,
(¥Ys), given the bench height and the
‘required side slope angle .
iv Find the maximum bench height, given the

max imum s1ewJang1e, ( ¥s), and the required

side slope angle



R

=\,

i
In the above, the maximum slew angle,\fs, cannot be les§

than the minimum slew angle calculated for a given

excavator.

it

A listing of the’program and a sample run can be found
in Appendix I-5. Appendix I1-5 show sample output in both

table and graph form. Figure 5.7 show the flowchart used to

} develop this program.

5.9 Width of Cut for the DrOppipg Cut

14

\

]

5.9}}/ Introduct ion and Model Uses

Factors that influence the cut width are slope height,
side slope angle, maximum pit side and slope side slew
angles, and the BWE Hesign parameters. The relationship.
used to,develop this model is gjven by equation 4.80 in

Section 4.3.4.

The program developed in this section allows the
operator to change the slew angles, or the VWFA to %Halyse

the results these changes make on the output.

The output that has been developed fqr the dropping cut

width can be used in several ways. The primary use is to:

i Determine if the particular BWE is capable
of forming given bench height, desired cut .

width, and‘required side siope angle
. o
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1
INPUT
D, 01, LB, i
M, B, Y, F Vi
CW, HMIN, :
S'S, VWF % ;
SET T+ " K
HMAX, Kd, HT, L i ¢
Ymin, ab, Hs~| - | -prLoT » _
. ’ . 57
SET /
T 1 .
) Jh, «min,
’ XYB, L2AR
o . « y
‘ B i cv,f.; .
SET 2
Amin=n
onax="
u .
L1 ar
\ Sy & ’
SET
of, max
. ot -
OUTPUT
omin
o max
. - 4
SET
H=H+.5 o
- .
FIGURE 5.7  Flowchart showing the determination of ghe
' [
.. side slope angle range faor Model C .
©
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WL
The secondary uses of the output are:

¢

'fy SR 1nd the possible comb1nat1ons of the

maximum slew angles, (¥s and ¥p), for a

L
R =

given bench héjéht, required side s]ope;
~vanglévand desired_Cut width
,ﬁit Define the width of a eut, given the bench
”he1ght required side slope angle, and the
m§x1mum slew angles | ¥Ys and ‘yp),
iv. Define the required pit side slew angle,.
(tYp), given the bench height, required side.

slope angle, cut width desired, and the

maximurh slew angle on the slope side, g
(Ys) | | - \
vV Def1ne the requ1red ‘side slope slew angle,

?% , g1ven the bench he1ght,,requ1red side
slope angle, cut width dednred and the pit
s1de.steu\angle,. %’p

vi "F1nd the m1n1mum side stooe angle, given the

o bench height, cut width desired, and the
maximum slew angles, ( ‘SJS‘ and \Yp

vii Find the maximum bench height, given the
desired cut width, required side stopé
angle, and‘the maximum slew anglcs,

( Ys_ and ¥n)

L

A listing of. the program is 1ocated in Appendix I-6
valong with a samp]e run. Sample output in both table and

B
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graph form is provided in AppendiXx Ii>6. Figure %.8 shows
the flowchart G}ed to develop this program.
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INPUT
n, L8, 01,
M, F, Y,
HMIN, CW,
s, Yp

SET

Ymin, Xd, ur,

L1A, HMAX, HS | PLOT
H

Xn, ssa
" l/)/”‘“
E SET
YES Preset cut
width values
to previous
values
NO
SET
Ll, L1A
SET
Cut Width to —
zero
SET
RD
L s T '.‘1
SET ' -
" - ]
% :
Cut Width o
SET SET
H=H+.5 SSA=AAS+10 ¢\
!
OuTPUT
Cut Widths

5

FIGURE 5.8 Flowchart showing- the determlnatlon of the cut
with using a dropping cut
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6.0 “Physica1 Model Development

6.1 Introduction

‘The relatonships developed in Chapter 4 were determined
using the geometry between the excavator and the mining
slopes. - Because of this, their correctness needed to be
tested. This was done using a scaled-down model of the 0&K
SH 630 compact BWE. In this way, the actual mining slope
yas simulated.  The O&K SH 630 was §e1ected because it
represents the size best suited to conditions in Western
Canpada and the Western Un1ted States, (see Section 2.5).
Also, the manufacturertwas_he]pfu1 in supplying the

dimensions required for the construction of the scale mode 1 .

6.2 Scale Model

To test the results of the ane]ytical,mode1s, a scale
replica of. an 0&K éH 630 BWE was constructed. A scale of
1:50 was selected, because it ﬁepresented the most
convenient stze to work with, while still giving reasonably

detailed model slopes. | | ‘

The mode] is built of wood with a slewable
superstructure, vert1cal]y adjustable 1oad boom, and a
d1gg1ng wheel, (with a cuttlng edge representing the

buckets). The whole model is mounted on a base, which

allows movement in the direction of the line of advance, but

118 (\
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not perpendicular to it The model is shown in figures 6-1 \

and 6-2. . ¢

6.3 Selection on Model Slopes

6.3.1 Terrace Cut

'Becausé Qf‘the simplicity of the relati&hs deve loped
for the terrace cut, one slope model is considered to be
sufficient to confirm the results obtained from the programl
basedmanlthese relationships. The slope, (Model T1).b

AConfirmé‘aﬁl re]ationships developed for the terrace cut

design.
Model Tt
FSA 70 degrees
SSA 60 degrees
- Ys 80 degrees
Yp 30 degrees '

Advance 5.2 meters
Height 13 meters
Cut Width 18.8 meters

(253)

The output usedAto select this model is shown in figures 6.1

toTB.4. 'Q'

FSA = 70 degrees represents a good average
for slopes staying open for short

periods of time Yo
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FIGURE 6-1; Model of SH 630, (view from side)

FIGURE 6-2; Model of Sl 630, (view from top)
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SSA

A slope of 60 degrees is well within
the range of typical side slopes for

benches of 13 meters' »

Ys

80 deérees is the slew angle"  '
recomended to Keep productivity at
acceptab]e,]éve1s |
Yp = A pit side slew angle of 30‘degrees is
considered to be reasonable for fhe
terrace cut
Advahce = Maximum advance the excavator can
make, given a front slope angle of 70
degriees, and a bench height of 12.6
meters kfF\ | |
Height = A siope height of 13 meters
demonétrates that the terraces do not
have to be equal,’(in thisycase, the
top terrace is 0.55 times the d1'gg1'ng:“Y
whee diameter, while the other two ~
terraces argr0.5 times the digging
wheel diémétér)
Cut Width = Width of cut expected, using maximum
-t y o ‘ siew angles of 80 degrees on the slope
0 side, and 30 degrees on the pit side

at a bench height of 12.6 meters

Appendix 111 shows a l1st1ng of the slew angles and

front slope distances used to construct th1s s]ope
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6.3.2 Dropping Cut

For the dropping cut, the relationships to be tested

are:
1/ Front slope angle, as a function of bench
height and excavator advance
2/ Maximum advance, as a function of bench
height and front sliope angle
C:M 3/ = Side slope angle, as a function of bench

height
4/ Cut width, as a function of bench height and
. side slope éng]e
Specia]’consideration'mUSt be given to the side slope angle
because its relationship requires several design models to

be tested.

To test the accuracy of all the relationships, (except

the side slope angle), the following slope was constructed:

’

Model Dt
FSA 60 degrees
SSA 60 degrees
Ys 70 degrees
Yp 30 degrees
- Advance 2.75 meters
Height 10 meters

Cut Width 18 meters

7

The output used to select this model is given in figures .

6.5, 6.6 and 6.7.



FSA

H

A front slope angle of 60 degrees

represents a good average for slopes

stayiﬁg open open for short periods

SSA = Selected at 60 degrees:. all models
used to determine the s{de slope angle
confirm a side slope of 60 degrees can
be formed

Ys - = Selected at 70 degrees to keep

| productivity at acceptable levels
Yo = 30 degrees 'is a reasonabfe slew angle

on the pit side

Advance Maximum advance the excavator can
make, given a front slope angle of 60

degrees

Height Selected as 10 meters to simplify
modeling of the slopes

Cut Width

Width of cut expected, using a slew
angle of 70 degrees on the slope side,

and 30 degrees on th p%t side

To select the side slope angle relationship which best

describes the side slope,. each of the three models developed

had to be tested. A series of slopes for each model was
selected, such that the model would eithér be confirmed, or

rejected.

The assumption used in Model A, gives a possible range

of side slope angles represented by:

125
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SLOPE HEIGHT (M) .
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VIDTH OF CUT AS A FUNCTION OF BENCH HE[GHT

FOR THE DROPPING CUT
0&K SH 630

MAX SLEV RNGLE SLOPE SIDE 78 MAX SLEV ANGLE PiT SiDE 38

15, 1 ]
I 1
141 | l
1 t
131 ‘
\ .
12 | \ !
-
111 |
. :
0 e e —_— !‘,— —+ ——
ooy
9 L \ \ \
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8 L l \ \\ \
A
7 1 \ v \
. \ \ \
4 I ‘\ \ A \
6 { k . \ \
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8 \ \ \
5t }\ N \
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I \\ \ \ *
4 1 N \ \ !
: |
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xXminig o< sxmaxi and oxmin2{ 0{.{ o<max2 6.1

‘ | oy R

" "%

, | 0
‘Within this range, the side slope can fall into one of .three

zones defineq\zi:
, _ ‘ «

1/ xmini§ e eqmaxl, . 6.2a

2/ smaxl§ &€ amin2. \ .20
3/ wmi‘h2( o exmax2 : | 6.2c v

To confirm or reject this model, the side slope angles must

‘ bé selected to fall into each of these'three'iones. Based

on figure 6.8, the selected sibpesﬁare:,\

Model D2-A o : o
‘- FSA 45 degrees - -
: %ZA , 60 degrees -
s " 70 degrees .
Advance 2.5 meters *

Height 10 meters

. Model D3-A |
FSA - 45 degreeéy
SSA * . 70 degrees :
Ys. 70 degrees
“Advance 2.5 meters ' .

Height = 10 meters ' ' S

' . , -
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) Model D4-A
FSA 45 degrees
SSA 80 degrees
Y's 70 degrees

Advance 2.5 meters
Height 10 meters . .

As described in Section 4.3.3 (Model A), the range
given by equation 6.1, can be changed by changing the
maximum s lew aﬁgle ¢h the é]ope side, ¥s: thereby, allowing
'a side slope angle which may fé]l within zoné 2;'(equation
6.2b), to be formed. This possjbility must also be teéted.

Using figure 6.9, the s]opejmodel selected is:

k%

Model D5-A
FSA;V ‘45 degrees ’ !
SSA 70 degrees : '
¥s 65 degrees

Advance 2.5 meters
Height 10 meters

O . . " .
Model D5-A is identical to Model D3-A, except for the b
maximum siew angle, %75. A front slope aﬁgle ofv45;degnees

is used because at this angle the predicted-side s lope angle
' &

range conforms to that given by equation 6.1.

The assumption ugéd in Model B also outputs a range of
side slope angTéS given by,equation 6.1. To test this
model, one slope must be selected from eaéh of the three

. zones giyenx,;ﬂgquaggonsféfﬁéyb/C: Using figure 6.10, the
S a2 : :

se]ectedwqu§§s are:



Model D1-B
FSA 60 degrees
SSA 70 degrees
Ys " 89 degrees
Advance 2.5 meters
Height 6 meters

Model D2-B
FSA .60 degrees
SSA 82 degrees
Y's . - 89 degrees
Advance 2.5 meters
Height 6 meters

Mock¥ BER.
FSA 60 degrees
SSA 85 degrees
¥s 89 degrees
Advance 2.5 meters
Height 6 meters

confirmed, or rejected.

to:

where

&ming < o« max

ecmin

. emax

-
S

Minimum side s]opé angle

Maximum side slope angle

6.

Model C outputs a range of side slope angle conforming'

3

i

With these three models, relationship Model B will either be !

131
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; " &“'.




To confﬁrm, or reject, Model C,

132

one slope must be selected

at, or close, to the minimum side slope angle, (emin), one

between the maximum and minimum side slope angles, (xmin and

t

Scmax), and one greater than the.maximum side slope angle,

’““»

(exmax). The models selected; ths1ng figure 6. ). are:

_Model D1-C

FSA 60 degrees

SSA 50 degrees

S 70 degrees

Advance 2.5 meters

Height 10 meters
Model D2-C

FSA 75 degreesf

SSA 60 degrees

Ys 70 degrees )

Advance 5 meters *

Height 10 meters
Mode1 D3-C |

FSA 75 degrees

SSA 70 degrees

Ys 70"degrees

Advance 5 meters

Height 10- meters

g
{\q’ :

In all the slopes constructed to test the side slqﬁe-

angle relationships,

all parameters, (other than the side

“slope angles), are selected using the other models developed

for the dropping cut.

.See~Appendix I11 for a list of the slew angles and

. front slope distances used to construct these models.
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7.0 Results of Model Studies and Discusion

7.1 Test Results

7.1.1- Terrace Cut

The model was constructed with a terrace heighf of 4.6
metersvon the top terrace, and\4.2 metérs on the bottom two
terraces. (éee figure 7-11. This conforms to the recomended
terrace heightsipf 0.5 to 0.7 times the digging wheel

diameter given by Rasper (19751 .

The objectives of Model. 71 were to:

1/ .Confirm the predicted maximum advance cah be
made | ]

2/ ponfirm the predicted front slope angle can
“be formed . ‘ " o i;

3/ Confrim the given side 31opé’aﬁg1e can be
formed |

4/ o Confirm the predicted cut width can be

. “formed

The maximum advanﬁe on the top terrace is limited by
the interference between the excavator craw]ers‘and the
slope toe, or by the interference between th¢>1oad boom
structﬁre and the cres't of the second terrace, (see Section
4.2.21. At the predicted ma§§mum advance of 5.2 meters, the
one meter safety distance bhtwéen the crawlers and the s lope
toe has been reached, (figur= 7-21. This confﬁrms;objeétive

i
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FIGURL

7.

)

Model Tl; View showing interference betwcen

the "crawler" and the front slope toe, (line

I is the toe line, line 2 is a safety distance,
line 3 is at the start of the cut advance)

’



one.

Objectives two and three are confirmed py taking
cfbss-sé;tions through the slope at A and E. las shown in
figure 7-3). Section A is taken through the BWE centreline
of advance, and confirmg a front slope angle of 70 degrees
is férmed as predicted, (see figure 7-4). A section taken
tﬁrough the side slope at E, Iperpendicular to the BWE
centreline of advance!. confirms a side slope of 60 degrees

is formed, (see figure 7-51.

The confirmation bf the cuf width is made by measuring
the distance from side slope crest to side slope crest, las
outlined in Section 4.3.4). The measurement obtained from
the model is 18.8 meters: thus confirming the mode]l

predicting the cut wiath is correct.

7.1.2 Dropping Cut
The objectives of the modeling tests are:

<

1/ Confirm the predicted maximum advance can be
made
2/ Confirm the predicted front sliope angle can

. be formed

-

3/ Confirm the given side slope angle can be
formed
C 4/ Confirm the predicted cut width can be

attained



FLGURE

7.3

Model Tl View showing the location of where the
. i '
cross-scctions were taken



FIGURE 7.4

FLGURE 7.5

Model Tl; 6;oss—section showing the front slope
angle taken through the BWE centreline of
advance, (slope measurement is 70 degrees)

Model Tl; Cross—section showing the side slope
ahgle taken perpendicular to the BWE centreline
of advance, (slope measurement is 60 degreces)

138
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Objectives one, two, and four can be confirmed by using a
single slope model, (Model D1). The third objective

ﬁequires the construction of several slopes, because three
mode is were developed to describe the relationship between

the BWE design parameterg,‘and the side slope angle, (see
Section 4.3.3). - Each of these three models was tested in
order to determine how well they describe the actua] side

s lope. ‘ A JIJN

Model D1, (see Section 6.3.2), was constructed t?j
confirm the relationships describing the minimum froh%;glope
angle, maximum advance, and the cut width. For an advance
of 2.75 meters, (at the top of the slope), the distance
between the crawlers and the front slope toe is one meter.
This cénfirms that the maximum advance }he excavator can

make into the front face, (given a 60 degree front slope),

is 2.75 meters; thus confirming objective one.

The front slope angle is confirmed *+ measuring the

angle of the slope at the BWE centreline of advance, )
P
Cross-section A, (figure 7-7),

#

(Segﬁjon A in figure 7.6).

shows a slope angle of 60 degrees, coﬁfirming objective two.

The cut width is a function of the side slope angle;
therefore, it must be checked to be sure a 60 degree slope
has been fqrméd,.(as required in thé model s lope
description). The side slope angle can be checked by taking
a cross-section perpendicular to tﬁe BWE centreline of

advance, (Section E in figure 7-6). This cross-section is



7.

[§]
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FLGURE 7.7 Model DLl Cross-section showing, the front slope
angle taken through the BWL centreline of
advance, (slope measurcement is 60 degrees)

N i

T

FLGURE 7.8 Model Dl; Cross-section showing the side slope
angle taken perpendicular To the BWE centreline
of advance, (slope measurement is 60 degrees)
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shown in figure 7-8, and confifrms a side slope angle of 60

~degrees is formed. Once. the formation of the correct ‘side
s\ope angle has been confirmed. the cut width is measured;

‘

(taken from side slope crest to side slope crest). For the -
slope model, the cut width is 18 meters, and confirms
objective four;

'As.mentioned above. severaT models were developed to

\

descr1be ‘the re1at1onsh1ps between the BWE deswgn
paramete and the side slope Each of.these-mode}s is
tested‘siizrztely,'and either confirmed, or rejected.

" The confirmation of Model 4, (see Section 4.3.3: Model
A, requ1res the construct1on of four slope mode]s (D2 A to
D5-A), as g1ven in Sect1on,6.3.2. ‘The determ1natron of the
side s]ope angle relationship for~Mode] A, assumed the side
sTope to be pJanar, therefore, in the slope mode]s thevside

s1ope ”sawtooth“ ridges Were'removed, (see figure 7-6). - In

this way, it conforms more closely with the theory used.

The results of the slope model study for Mode] A are:

Mode | D2-A:'A side stope angle:ovaO degrees can
berformed usihg a maytmum slew angle ofd?O |
de%rees, (f1gures 7-9 and 7-10) .

'Mode] D3-A; A s1de slope angle of 70 degrees can‘
be formed/os1ng a max1mum_s1ew angle of 70

degrees, (figures 7-11 and 7-12)

S L “Mode1 D4-A; A side slope angle of 80 degrees tan
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. ( ¥y -

FoA=t5° 5SA 60
HEIGHT = 10m

: "A - ;wmmu-:huamuuﬁﬁiﬂﬂﬂﬂﬂﬁ!!
FLGURE 7,10 Model D2-A; Cross-sedtional view of side slope
angle, (slope measurement is 60 degrees)
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FIGURE 7.1l Model D3-A; Completed slope

s o

FIGURE 7.12 Model D3-A; Cross-sectional view of the side slope
angle, (slope measurement is 70 degrees) ‘



Model D3-B; A side s]ope angle of 85 degrees can:

be formed, (figures 7-21 and 7-22)

s

Lvs

To bevconfirmed the excavator should be able fo ‘form models'

D1-B and D3-B, but not D2 B; therﬁfore Model B must also be

145

- be formed, using a maximuh slew angle of 70
degrees, (figures‘7—13 and 7-14)
Model D5-A: A side s lope angle of 70 degrees can
be formed; us1ng at a maximum s]ew angle of 65
degrees, (figures 7-15 and 7-16)

'According to Model A, the excavator should be able to form
models D2-A, D4-A and D5-A, but not mode] D3- Ao A1T the
model s]opes can be formed at the max imum slew angles given;
therefore Model A does not descr1be the actual s1de slope .
we]], ahd must be rejected.

Model B, (see Section 4. 3.3: Model B), requires the
format1on of three s]ope mode]s to be confirmed, or -

| rejected, (Mode s D1—B to D3-B in Section 6.3.2). As in
Model A, the relationship: developed in Model B also assumes;
a planar side s lope. N N L e

- The resuﬁts of the sTOpe mode 1 sfddy for‘Model B are:
Mode1iD14B;:A side‘slope angle of 70 degrees can
be formed, (figures 7-17 and 7-18)
Mode] D2-B;‘A side slope angle of 82 degrees can .
Abe formed, (figures 7-19 and 7720) : NS



FIGURL 7.13 Model Da=Ag 0 Comploted s Tope
At
€ 5
& :}
FSA="5%° SSA=30°
MXSL 70" VWFA 59
HEIGHT = [0 m .

FIGLUT

N

o714 L todel DE=A3 Cross-scetional view ol side slope
angle, (slope measurement is 80 duprees)
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FLGURE 7015 Model pb-A; QUmpchud shope

i

FSA= Y5° SSA= 70"
MXSL=4% VWFA:59°
HEIGHT 20 m.

FIGURE 7.16 Model D5=A; Cross-scctional view of side
angle, (slope measurement is 70 degrees)

slope

147




CFLGURE 7.17  rodel D1-B ;. Comp leted stope

) FSA = ¢ )
& S5a - 70"} ' ‘
» MxsL - 89"
A o

. VWFA- 59"
———— H =€¢m

FLOURE 7.18 Model DI-bB3 Cross-scctional view of side slope-
angle, (slope measurement -is 70 degrees)

l

PR A . . . » .

f
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FLGURE 7019 0 Model D2-Bs  Completed slope

.

FSA . ;
SsA = <2 °
MxsL=89°
VWFA=59°

H =6m

FLIGURE 77.20  Model D2-B; Cross-sectional view of side slope
- angle, (slope measurement is 82 degrees)



o
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FIGURE 7.22 Model D3-B; Cross-sectional view of side slope
angle, (slope measurcment is 85 \degreés)
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rejected.

Model C uses the actual side slope to determine the
side slope angle relationship. It also takes into account
the "sawtooth" ridges that are formed on the side slope,
(see Section 4.3.3; Model C). To confirm, or reject, this
model, three slope models .are selected, (Models.D1-C to

D3-C), as éut]ined in Section 6;9L2.

N

The résu]ts of the 5106e model study for Model C are:

Model D1-C; A siaé slope angle of 50 degrees can
~ be formed, (figqﬁés 7-23 and 7-24), with no
| i@terferenée between the digging wheel and-the
S%FG slope ridge, tfigures'7—25)
Méde]wDé-C; A sfde é]ope angle of 60 degreesvcan
be formed, (figures 7-2§ and 7-27), with no
interfe eﬁce between tHé digging wheel and the
side slgpe ridge, (figures 7-28 and 7-28)
Model D3-C; A side slope angle of 70 degrees
cannot be formed) because»of inter ference between
the digging wheel and the side slope ridge,
(figures 7;30 and 7-31)

To confirm Model C, the excavator should form slopes D1-C
and D2-C, but not D3-C. Thé\{isu1ts of the slope model
study agrees with this: theref Ee, Model C is accepted as

the re]atfonship which best describes the aptual side‘slope.
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FIGURE. 7.31

Model D3-C; Top view of slope showing tfe
interférence -between the dlgglng wheel
and the 51de slope :

y . - L . e » .

Moael DB{C - View? along thé‘ excavatori load
boom showing . interference’ between the digging -
wheel and the Slde s lope L -

ot
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7.2 Discusion of Test Results ' : ‘ ey

7.2.1 Terrace Cut . ' | 'Q

The objective of this investigdtion was to deve]op
re]at1onsh1ps’bet%§en the BWE des1gn parameters, and the
mining face geometry. The results obtained for the terrace agt
cut provide well-defined relations to describe this =,’J’*
interdependence. A.test conducted oh'these’relationships,
(Model T1), show them to be reliable, and thus) they can be

, used with confidence. » : Lo N

. ’ //) ) )
A
: "ﬁ,r'_

The computer modé 1s developed based oh thesﬁ/ ;%;
\re]atlonsh1ps, pro%;de output which can readily be app11ed
to slopé& des1gn. The output from these mode]s 1s formatted
‘ :Qio makefthem stmpJe to understand and use,,and thereby

> . . ,
encourage their utilization.

'.*Abscale model test,- (Model T1), was conducted using the

output generated from these ana]yt1ca1 models, (refer to e
i .“ e

; Sect1ons 5. 2¥%5%§'and S. %ﬁ@agThe test showed ‘them to, begvery*’

: effect1ve in descr1b1ng Mhe 11m1ts for terrace cut slopes.
. g ’

With minor mod1f1cat1ons these mode1s can be adapted to
\ »
descr1be the -1imits of any spec1f1c excavator (see Sect1on ¥

. . I

o
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7.2.2 Dropping Cut

The re]atiohships describing the ninimum front stope
angtg,and‘maximum advance, as well as the cut width, were
" confirmed by mcdet studies,‘and accurately describe the
,resutts obtained through the construction of a s lope mode 1,
(Mode | D1). Ustng‘additﬁona1 s lope model tests. Model -C was
accepted as. the mos t representat1ve of the actual side slope
formed by an excavator With tge deve]opment of relat1ons
accurate*y descr1b1ng the m1n1ng face, the main objective of

this study has been fulfilled.

The development Of_the relationship describing the
. 1nterdependance of the front stope ang]e and advance, is 1

s1m11ar to that of the terrace cut. The results obta1ned
b

from the s]ope mode 1, (Modet D1), conf1rmed the accuracy of
‘the re]at1onsh1ps deve loped. Unt1§§ the terrace cut, the1r
use " 1s 11m1ted to a maximum bench he1ght defined by Hdmax

as detailed in Sectton&4.3.2.

/”'\ #, K @ %‘

Mode] D1 was atso used to confirm the cut w1dth. '

>

relattonsh1p which was developed in Section 4.3.4. Unlike

~ the terrace cut, the determ1nat1on .of the d1stance be tween

theédiggtné wheel centre, anw the actual siope, is not

;\ simptyhthe digging_wheet radiué,'but.isdepéndenton_the
bench hefght, and side slope a 6’7\5, (RD in Section 4.3.3).

The retat1onsh1pside¢etoped to describe th1s distance proved

to be accurate{'because it predicted the results obtained by

the constrUction;of,the sJope’model'Dt. a .

L
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The determ1nat1on of a re]at1onsh1p between the
excavator and the s1de s]ope required the deve]opment of -
three models, (A to C) Each of the models uses a different

%

assumption to descr1beA¢he'side'slope.

i

In Model A, the crit1cal side s]ope was "assumed to be
on a line connecting two po1nts. one at the crest of the ~

s]ope,‘and the other at the toe of the slope. In this way,

St was hoped a s1mp1e .solution describing the side slope

slopesfbou]d-be formed;

representation of ‘the act

e

11m1tat1ons cou]d be developed. By using a straight ﬁ1ne

/

assumption, the sawtooth" r1dge that )s formed on an actual

slope »is eliminated, (figure 7-6).

) A}

~ To test this model, four slopes were constructed as

detailed in Section.6.3.2. For Model A to be considered an:
accurate representat1on of the side s]ope geometry the

AT § . . :

"excavator"”, (seeﬁgq@@jop 6.2), nwst be able to form s1opes

'

1nterfergpce betwe n th d1gg1ng whee | and the s1de slope.
%)

The - results of the s studies showed that a]l three

odel A is not a good &@

“slope, and must be rejected.

Ps

Yoowith the elimination of Model A, . new assumpt1on

(Model B), was seWected (see Sect1on 4. 3 3 Model 'B). iIn

~’this'mode] the critical slope ang]e 1s also assumed to be

‘ d

.h represented by a straight 11ne however, the 11ne 1s ftxed

only at the slope toe. Its direction is def1ned by be1ng
set perpendicular to -the digging whee!l centreline measuredw

fe sy



at the slope toe. As in Model A, the straight line
assumption ignores the z

~To comfirm or reject Model B, three slope models were

selected as detailed in Section 6.3.2. To be accepted, the

sawtooth" ridges on the side slope:

160

"excavator” had to be able to form slopes D1-B and D3-B, but

" be unable‘to form slope D2-B. This is ‘because of
interference between the d1gg1ng whee] the s1de s]ope ,'The

results of the modeling study showed that all three slopes

can be formed;,therefpre, this model must also.be rejected.

hode] C‘ts similar to Model B; however; the straight
line éssumptionvis mede on‘e;ch slice in the cut, .rather
‘than for the entire. bench he1ght‘ﬁisee Sect1on 4.3.3; Model
;t).‘ In th1s .way, the ' sawtooth"‘r1dge formed on the s1de
7‘W%10pe?1sﬁnot 1gnored because the mode] assumes the
‘direction of thewcg1t1cal SIOpe ang]e changes on eas’ sl1ce
Th1s mode 1 prov1de936n1y a.-minimum and a maximum side é]ope
ang]e rather thanqthe range ef ané&es defined by Models A
and B. The range of ang]es fo# Model C is ﬁ%fluenced on]y
by the maximum slew ang]es on the slope s1de of the“%WE .

centreline of advance. - o ' s

To confiffms this model, thfeeiklopes are selected as
detai]ed in Section 6.3,2. - The. "excaVator"tmust be able to
ferm sdopes D1 C and D2-C, but not .D3- C for this model to
be accepted Model D3-C cannot be formed because of
1nterference~between the d1gg1ng wheel and ‘the side s]ope
,The results ofrthe)slope mode | study agreeshW1th,the output

f. ' q

[~

s

»

¥



obtained from this relat1onsh1p, therefore, Mode 1 C?w

,7’

accurately descr1bes the side s]ope angle 11m1tat1ons
With the conformation of Model C,”a-sefﬁes of

relationships has been developed which accurately describes

the limits of application for a specific excavator. Using

hiSTOperation or have easy access to a particular
Mexcavator s operat1ng 11m1ts to aid. 1n the day to day

planning of an operatron

LT

s . . - .
J 1 . -/

As in the terrace cut, the computer models based on

these re]ationships-@roVide‘output whie'“@' A ted to make

“them s1mp1e to understand and use f‘ e f“eﬁbourage

the1r ut111iat1on

4

: e ¥ N
7.3 1Examp1e of Co fode1'0utbut‘Use )
' . . v : .ﬂ'
< To demonstrate{h~ " e_ana]yt1cal mode 1’ output can aid

2. -

these relations, an operator can select the best machine ffor

L

EF in the selection of agbe'caVator or to des1gn a mining face -

'for a part1cular excavator, the fol]oWing example is-used.
The examples dep1ct a t9p1ca1 scenario which is worked

Nthr*ough to the most pract1ca1 scﬁ"
Leow ¢

7.3.1 Terrace Cut o

L]
by

Model T1 demonstrates how the analytical model output
g, o O 7 o
\“ éan be used Additional design parameters are fixed in’

( . . .
RN : o ‘ : -
: order to demonstrate the approach which. can be used to.

, deVe1op a”mininq@£BCe,for'a hypothetjcal-minet' ﬂ,?'”

T e \ .
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The fo1low1ng ggves a’ set® of m1n1ng parameters for a
hypothet1ca1 cperat1on »j, N
1/ Front slope angle - 70, degrees
"27 S1de slope angle 60 degrees

3/ ‘,Average bench height - 13 meters

4/. Cut width' - m1n1mum 20 meter%
5/ '-M1n1mum advance on each cut - 4 meters
6/  Maximim slew angle on- s]ope s1de - 70 to 80
’ degrees - v o
77/ Excavator - O & K SH 630 . | ‘?354
' . B N b'!
’ o

The f1rst pr1or1ty is to conf1rm that the excavator can

“move 1n t‘b d1rect1on of block advance To do th1§ the

t

output from the minimum front s]@pe ang]e, and ma x imum

advance model can be used, |see *@b]e 7.1 and Table 7.2).
&

RN

From the parameters given, fﬁe'@xcavator must be-able

to form a front slope angle of 70 degrees, and‘advanCe gt
: ‘ - . ce ;

N o

advance, at a bench height of 13 meters,  Us1

i . . . ,

the intersection of the column representing an advance of 4
¥ _ _

_least 4 meters on each cut in the direction’%block '

‘Table 7.1,

_meters, (line 1), and the row at a bench height of 13

Ny

meters, (line 2}, shows the minumum front s]opqung1e’which

can be formed is approximate]y 65 degrees, (poi#i A). This .
cdnf1rms that the excavator is capable of forming a front .

¢ : r.?ﬁﬁ? ‘
slope ‘angle of 70 degrees, .given an advance of 4 meters, and

'Abench height of 13 meters As a check, Tab]e'7 2 can be

4
) . . , . "
i . i PR

A
o a . co ,
b : .
E ; . e .
.. : 62

‘used. The 1ntersect1on of the co]umn represenﬁnng‘a“front*‘~-~f—

g6 B
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o MINIMUM OVERPLL FRONT SLCPG AS A FLNJTI(N OF HEIGHT AND ADVANCE OF TERRACE FOR
THE O#K SH 638°

TA' IS ADVANCE AND CALCULATED MMBERS ARE FRONT, swu-: m
NOTE: FOR TERRACE CUT ] ey
Hr.isnj Rl MR A3 [ R=h | RS =6 AT ARB
L50  2.38. 265 313 3.83 | 493 6N 1LAT 3R.66
5.08 . 600 691 8.13 [9.8 125 17.18 26.5 53.69
5.5 9,58 '18.97 12.BA ,15.45 | 19.34 25.68 I 61,5
6.9 1380 1485 W27 lee.ce | 2541 .84 4518 66,33 |
658 16.32 18,55 2L.M4 |25.35 | 38.B2 38.85  51.18 69.59
19,51 22.87 5.37 [29.72 |'35.64 43.95° S5.77 - 72.89.
22.50. 25.44 29.87 (3376 39,9 834 59.68 7416
25.55 28.67 - 3.5 .|37.51 | 43.89 52.18 62.83 75.%
28,42 31,76 35.87 (AL | 47.45 55,58 65.64 T7.58
S8 W72 39.91 14A.26 | S0.72  56.64.76B.14  79.88
39 ILSE AR.BS (A3 | SL7T4 614240 . 80,58
18,00 . 36,52 40.33 44855021 56,55 63985 T2.M8 gBLBA Tl . 0 e
10,50 30.88 4299 A58 2.9 |"Sh.19 Meei% - 442 8IS
© 11,885 4158 4557 56.29 |55.55| 61.66 68.60 7h.2b BAAL ,
TIN50 M.82. 48,00 STy 5O.04  EA.0K TH, N 7.9 85.66 R
12,08 46,41 50,52 T55.18 |60.43| 66.29 T2.73 79.65 6.8
1258 M8.76_ 5,91 57.56_ 62,74 ' 68.46_ 7467  B1.2%6 88,18
13.08  51.88  55.24  59.87 54 %Jn..sgs 76,5 82,83 89.31 2
1.5¢ 53.85 SN.19 6L76 72.15 7.89 8.8 %
14,80 5448 50,54 62,99 |67 ae' T T8.43 82D N0
(4,50 55.82 59.88 6k 13 68.88| 73.79 9.4 8408 .80
15.88 57.87 68.97 65.18 [69.70 B[74.58 79.53 BA. T4 90.90

o

' EOR HEIGHT LESS THAN 4.5 THERE 'S NO LINIT ON THE RDVANCE
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MAXTMUN ADVANCE AS A FUNCTION OF HEIGHT AND FRONT SLOPE ANGLE FOR THE .
0K SH 638

"' IS ADVANCE @ FRONT SLOPE ANBLE
NOTE: FOR TERRACE CUT

‘ I
HEIGHT ~ AB3®  Ae4d | ARSe  Aece lnm Aess  ness
450 1.% 812 [ 823 831 8.3 | 843 807
j 5.8 1.2 765 1.9 &1 |83 B4 A5
S50 645 7451 L6l 795 'B.23 | B.AT 868
#* . 6.8 567 66| 28 175 |8.3 I‘ 8.7 B.76
G 58 487 6.11] 693 153 8.8 ' 845 8.8

g 6.

S, 1.8 - A8 557 65% 7.9 [7.89 , 8.4 .86

.. %58l S 617 793 7. ! 835 p.88 -

i B0 23 A 5T6 67 |75 .28 8.8 :

LUl g8 150 |38 530 Gap (.38 | B9 BT

o ° N ,n'.gs: o h6LTI3el AR 65 17.18 | 888 ABA

S G 95 a8 2.5 AM 583 6% 1.9 879

RS e e L% 3% S48 ‘672 | 7.8 .73 -

CRAGL IS 0.8 341 542 |66 765 BES

1.25
“arr 11,00 0.8 9% 2% A7h 6,19 ] .47 8.5
gyf‘i 1.5 o.® 0.0 243 43 |59  TT 83
A 9. 80
00

Aoy

.3 2. a8 9.8 188 3% 559 765 829 ‘
CUONG AT 12,59 _nes 0.8 L3348 lSo50 681 813
A 3o s 0072 393 |4 A6T 1% _2_
S (1356 .80 8.8 %19 263 |46l | 6.3 7.83
R SR 14,08 0.00 .00 808 2.3 Bk 6.27 7.8
o 14,50  0.00 0.0 0.0 285 '425) 618 7.8
-Zti‘n‘" e 1500 0.0 0. 0.8 176 6-.09, 7.81
. aded & . }
4,.“-3,” ,%_‘m"f FOR HEIGHT LESS THEN 4.5 THERE IS NO LIMIT TO ADVANCE
)?iA.. Fi;XA" ’ )
i ~

. TABLE 7.2
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slope of 70 degrees, (line 1), and the row at a bench height

" of 13 meters, (line 2), éhéws a maximum advance of 4.9
meters,l(point A). This is greater than the minimum advance

required, and again confirms the excavator’g capability of

mining in the direction of block advance.
L]

A bench height of 13 meters represents the average

bench height; therefore, what is the max i mum bench height

' the excavator can cut? Using either table 7.1 or 7.2, a
maximum bench height  of 15;mqters can be cut, (point B).

Now that it has been confirmed the excavator can form
4 _ A ‘ | . SR
the front slope angle, and move in the direction of block
advance, the ability to form the side sliope angle must be

~checked. To do this, Table 7.3 is used,

The maximum side slope angle permitted is 60 degrees,
A : -
(detailed by given parameters). In Table 7.3, the row of
: [ .

fihtérestlis at “a bench height representing 13.metebs,\(1ine

f . Resu]tslshdw that a maximum side slopé angle of 60

deéﬁéﬁ$t&%p;5é”forméd at maximum slew angles, (on the slope

side), of s60, 70, 80 and 90 degrees, (pointgiA_tojD), The

. gjven design parameters Specify the required ma X imum slew
£ngle %o be between 70 and 80 degrees; thus the condition-of

a 60 degree side slope angle is confirmed)

As with the minimum front s]ope,angﬁe d maximum
advancé. a bench height of 13 meters is anaverage. - The |

o . ’ ~ ’ ‘r
maximum bench height attafnable with tﬁiﬁ/excavator is 15,

A
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MINIMM OVERALL SIDE SLOPE ANGLE AS A FUNCTION OF HEIGHT FOR THE 08K SH 639

NOTE: MINIMUM SLEW ANGLE IS 34

SL IS THE MAXIMUM SLEW ANGLE ON THE SLOPE SIDE
* NOTE: FOR VERRACE CUT

SL=99
LR 22.53
5.00 24,50
5.58  26.41
6.98. 28.27
6.50  30.87
7.08  31.84
7.5 33.5%

x .8 3525
8.5  36.91
9.8  38.55
.50 46
18.90  41.76
18.50 43,34
11,00 - 44,91
1.5¢ 46,47
12.80 48,93

1258 _ 49.58

1308 _

13.50 50,97
14,00 52,87
14,50 52,87

52,987

7 I/A

s
*

SL=60
28,53
30. 81
3e.948
35.87
37,07
38.99
40.84
42,64
4, 39
45,88
AT, 74
49.36
58. 94
52.58
.04

5.5
3.8

39,42
5t

59. 42

SL=80  SL=70 -
23.89 2491
5,89 21
27,83  29.45
28,91 3101
074 3R
R.53 3WU.T5
34,27 36.54
35,98 38,29
365  40.80
39.30 41,67
0.9 4%
42,52 44,93
M1 46,53
45,68  4B.11
- LS 49,67
48,88 S1.22
5.3 52,76
B
52,84 855,22
32,84
52.84 55,22
52,84 E]55.22 F |59.42
) <
BLE 7.3

¢
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meters: which can be obtaﬁned for both conditions of thét~‘

maximum slew angle, (points E and F).

To finalize the cut design, a cut width must be .
defined. The maximum slew angle on the pit side of the BW%?
centreline of advance is limited to a max1mum of 45 to 50
degrees, (Rasper, 1975). In this case, a maximum pit s1de

slew angle of 30 degrees is selected. The output for thqr‘,
selected maximum slew angles is shown in Tables 7.4 and 7.§:s
The tablies show the results obtained for alTaxjmum pit sidefﬁﬁ}

slew angle of 30 degrees, and a max imum slope side.slew’

angle of 70, and 80 degrees. ,ﬂé&

' Usihg fhe output provided, the intersection of the
Lo]umn representing ajsﬁde slope angle of 60 degrees, (line
1), and the rowrat a bench height of 13 meters, (line 2),

shows the maximum cut width under the given maximum slew

angles. For a pit side slew'anglé of 30 degrees and slope‘
side slew angle of 7Q degreés, (Table 7.4), a cut width of
17.6 meters is obtaiﬁéd. (point A). For-a slew angle of 80

degrees, (Table 7.5), the cut width is 18.5 meters, (5855%-
o ‘

-

As a minimum cut width of 20 meters must be mafintained,
thes€ results are not acceptable. The pﬁbblem may be solved
bi reducing the bench height, or by changing the maximum
f - »
slew angles. , , ' '

-
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MIDTH OF CUT AS A FUNCTION OF HEIGHT AND SIDE SLOPE ANELE FOR THE DI SH 639

NOTE: MAXIMUN SLEW ANGLE FOR THE TOP TERRACE ON SIDE SLOPE SIDE 1570
NOTE: MAXIMM SLEW ANGLE ON THE DPEN SIDE IS 38 ‘ ‘
'W' IS THE CUT WIDTH @ THE SIDE SLOPE ANGLE FOR THE TERRACE T

l
I

MINIMUN SLEW ANGLE IS 34 ||
TERRACE CLT :
HEIGHT 838 W849 w858 | Wesd | we7e  wesp  wesd
L 1768 20.11 21,69 lae.ev 23.83 2468 2.3
508 169 19.63 2139 |2.70 | 2376 ae7e 5.5
, 5.50 16,15 19.13 21,87  22.51  23.68 2471 5.9
N 600 0.08  18.61 20.73 |22.38 | 2358 2479 25.66
) 650  0.90 18.88 28.37 lae.n ' 23.46 o068 2571
7.0 08 1753 2.8 o183 ' 2332 oae4 5.7
7.9 4% 16.%  19.61 |21.57 | 23.17 2458 &5.77
\ B.00 0.8 1638 19.48 '21.29 ' 23.08 o458 25.77
/ 8.5 . 0.8 1578 1878 | 21.80. | 22.82 ph 4 25.76
f 9. 00 .00 0.% 1834 2.6 243 .73
9.9 8,00 0.0 17.88 2. a8 es,-:g
10,08 0.0 9.8  17.4 2.16 24,84 25
u 0.9 0.8 0.8 6% 1967 | 2.9 2, 55
P, 1L 08 9.0 16.40 | 19.29 ' 21.6h 0379 2545
1,59 0.8 6.8  15.89 1 8.9 | 21.35 2351 5.3
! feee 0.0 0.0 0.8 18.49| 2165 233 5.2
1250 epe e e ligec' a1 zner 586
L 138 ede e e F1r.61len39  oem3 2489 2

1350 0.00 0. 0.0 |i7.22 , 20.18 pp.63 2078 T
. 1k 000 e a0 <1693 | 19.9% pps5  aT7
T8 ket e 0.0 16.64 | 19.74 22,45 2476
.8 e o8 0.0 11635 195 2237 2k

| |
£
' TABLE 7.4 ‘

» : " )



WIDTH oF CuT ns n mnmor HEIGHT AND SIDE SLOPE mz run ne 04K -5H 638

o }?

L

NOTE: s IMM SLEW ANGLE FUR wgmm ON SIDE SLOPE SIDE 1§ o9
e

NOTE: MAXIMUM SLEW ANGLE ON T

'W' IS THE CUT WIDTH @ THE SIDE SLOPE ANGLE FOR THE TERRME Qr
NINIMUM SLEW ANGLE IS 34

. TERRACE CuT

CHEIBHT  we3d
‘A58 18.54
5.08 17.79
550 17.83
6.0  16.25
6. 59 0.0
.0 0.8
.50 .09
8.0 0.
8.5 0.8
900 0.9
950 0.8
o 08
1.5  9.90
1.e9 9.8
1.5  e.09
1.9 0.99
125 8.0
1308 0.0
13,5 008
14,00 0.00
45 0.8
1500 0.00

SIDE 15 30

|

) | oo | e
2.97 2.5 ‘23 AT
20.50 2.2 |23.57 | 24.83
.0 A% 233 4D
19.49 2161 |23.18 | 20.46
18.56 . 2.25 2.9 | o3
1841 2n.88 [e2.71 ' 2u.2l
165 2849 22.45 | 24.8
1.6 .09 |z2.18 2389
16.67  19.66  21.89 | 23.78
16,85 19.22 [21.58 2350
.8 1877 2125 | 23.28
.9 1829 28,90 | 23.M
0.0 17.80 'ee.55 2279
0.8 o17.29 [28.17.8e2.51
.08 1676 |19.77 | 2222
.00 162 183 2L
000 000 189 ' 215
0.0 .08 [18.45 Alol.2s
Ta00 008 [18.06 | 20.%4
.0 .. 1777 276
.00 0.0 |17.49] 20.5
2.00

0.8 17.20 l 8. M

TABLE 7.6

wese weas

5.5 26,2
a.51  %.3
25.59 ° 26.46
25.58  26.54°
23.5%  26.59
5.2  2%.63
3.4 26,65
25.3%9  2%.66
5.38  26.65
25.19°  26.62
25.86 26,57
28R 26.51
24,76 35& '
A58 .13
24,38 26.21
2h 11 2p.07
_03.93_ 5% _
_23.68 _ o574 2
2348 25, pe
e3.39  25.61
338 25,60
23.21  25.68

169
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If the decision is made to reduce the bench height, a .
méx imum height of 10 meters is obtainéd Withua maximum slew
ahgle of 70 degrees, (Table 7.4; point B), agdd11 meters
with a maximum slew angle of 80Vdegrees}’(Tab1e 7ﬂ5; point
B). Because the average bench height is 13 meters, this

reduction in the bench height is .unacceptable; therefore, ‘it

is necessary to look af the maximum slew angles.
Either one, «or both maximum slew angleskéan be changed.

By making several runs at different slew angles, the

following combinations were found to Sétisfy the 20 meter '%

cut width Timitation, at a bench height of 13 meters:

' ' '
Max Slew ‘Angle Max. Slew Angle
Slope Side Pit Sidé
v o
| 70 | \ " 40
80 - . 37.5
90 - 35

The output used to determine these combinations is not
provided because'they would noil add any more detail to this

discussion.

- From the préviou§*discussion, the following s}ope

vdesigns can be defined:+ - \

-
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Hmax FSA  SSA 'Ws. Yp Cut Width Advance

(m) (deg)(deg) (deg) (deg) (m) {m)
4 13 70 60 70 . 30 17.6 4
5 13 70 780 80 30 ) 4
3 13 70 80 70 40 300 o, & %
4 13 70 80 80 3775 - 20.0 4 \
5 13 70 60 ‘90 3 - 20.0 4
\ 6" 10 70 60 70 30 20.0 4
* 7 11 70 80 30 20.0 4
o

C ’ I .
of these’combinations,-the best design for the hypothetical

mine presented would be number 4, followed by number 3.

7.3.2 Dropping Cut

This example. is similar to Model Dt,. (see Section
_ ' / ‘ o
6.3.2); however, the froﬁt slope angle has been ‘changed to
r 4 :
allow a more practica].éxcavator advance. Also, several

v i - g% .
other slope design factors have been adjusted. Model C is

used to predict the’side slope angle because it best

represents the actual slope, (see Section 7.1.2).

¢

v

The fo]]owihg~data outlines the f i xed mining parameters

for a hypothetical operation:.

-

1/_‘ Front slope angle - 70 degrees
2/ Side slope angle - 60 degrees

" 3/ . Average bench height - 9 peters

t
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4/ tut-width - mim’_muBof 20 meters
5/ . Minimum .advance on\e}ch cut - 4 meters
6/ Maximum slew*angle on s lope side - 70 to 80

degrees

7Y  Excavator - 0&K SH 630

Ql’. . C X
\ . ) . | - | S -
As with the terrace cut, the first priority,is to

confirm the excavator can move th the d1rect1on of block

1
advance. .To do this, the output from the minimum front
stope angle and maximum advance program is used see Tables

7.6 and 7.7. , ‘ ‘ g

From the Known parametlers, the excavator must be able
to form a fgpnt slope -angle of 70 degrees, and advance at

‘least 4 éiters on each cut, (in the direction of block

advance),\at a bench height of 9 meters. -Using Table 7. 6*

~.

the interse;t?b of the column representing an advance of 4

meters, klg;e 1) Nand th& row at a bgnch height of 9 meters,
)

(line 2 ows that a minimum front'sldpe angle of 65.8
CN ; o .
degrees can be formed, (point A). This confirms the

excavator can form a front slope angle of 70 degrees, and
advence at least 4 meters in theAdirection of b]dek adyance,
at a height-df 9 meter55 1f Table 7.7 is used,

intereection of the column representjng\a’?ront\s]ope angle
of 70 degrges;-(line 15, and the row at‘a bench height‘of 9

meters, (line 2}, "shows ‘a maximum advance of 4.75 meters,

L]
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DVERALL. MINIMUM FRONT SLOPE AS A FLNCTIDN OF FEIBHT AND ADVANCE FOR THE
\

DEK SH 630

A" 1S ADVANCE AND CALCULATED NUMBERS ARE FRONT SL(PE ANGLE
NOTE: FOR DROPPING CUT

HEIGHT A=l
4,0 26,78
4,58 29.53

5.8 .28

5.9 WK
6.0 3.5
6.8 43.88

A=2
29.91
32,95
35.87
38,68
AL 49
b, 82
4.57
49,85

~51 ’07

56 15 “e0.77 [65.85 AT1.36

5. 61
5. 61
56.61
5. 61
56. 61
%. 61
36.61
56.61
5. 61
36.61
3. 61
9. 61

l

1
=3 A=A

e R X
313 (A3
.20 45,49

|

| A
45. 3

| 48,77
51.9%

4304 |48.08 | 56,87

45.94 5138l5761
A8.63 l5399 69.18

_5t.el |‘56..54 | 62.62

S.71 58,99 649
S6.13 |61.35 ' 67.16
$w|mmlww

T B1.23 [ 66.28
61.23 . 66.28
61.23 ‘66 28
61.23 | 66.28
61.23 ‘66.88

61,23

66.28

61.23 | 66.28
61,23 les.ea

61.23

66.28

61.23 | 66,28
61.23 |66.28

f1.23 |6h.28 B|7L.T7
f !

TERRACE CUT ABOVE BENCH HEIGHT OF 9.109081

TABLE 7.6

-

l n.n
n.n
| T0.77
n.mn
| 711,717
.17
l 71.77
1.7
.77
| 7077
v 11,77

A=

56. 82
59.76
62. 43
4,93
67.25
£9. M4

71.51.

73.58

LLTL) W
11,26

71,62
.8
77.62
T1.62
T0.62
.62
71.62
7.6
77,62
.62
71,62

7.6

Lall
63.97

66,65

69. 84
11.23
73.25
75. 14
76.93
78. 64
Be.28
Bi.88

8.4
B
8.7

83.74
83.74
83.74
83.74
83.74
83,74
83.74
83.74
83.74

83.74

SRFSI
ZETEZEERIRAUSEED

S8 8% ERT'E

99. 90

o



v"nnvnnca AS A FUMITIDN oF HEIGHT AND FRUNI SLOPE ANGLE FOR THE OLK SH 639
‘ [4

_m’mnwmaemeaﬂmmﬁf . | |f .

NOTE: FOR DROPPING CUT ' Tk

HEIGHT  AR3Q  AR4® A58~ nRGe lne7o | hesd  neg9

408 283 419 5.6 _6.6h 7.5 | B.25 B840

45% 1.4 358 . 517 6.3 | 7.3t | 815 8.4
5.8 0.25 2% 472 6.03 '7.18  6.03 8.4
.50 0.8 231 425 569 |67 | 7.9 . 8w
6.8 8.8 166 377 534 '6.62 T.75 B.4d
6.50 0.0 8% 3.2 49 |63 | 7.5 8 %
7.8 0.8  0.28 275 4.58 - 739 8.49
7.5 .00 8.0 2.2 418 I 7e 7 15 8,38
8.8 0.0 8.8 166 375 B 8,23

8.5 0.00__0.08 188 331" 512 671 8.8

9.0 000, 000 048284 [A76A 645 7.88 7
230 B0 8 8% 27 |A69 | 639 T84
18.00  0.00 0.8 0.3 274 '469 | 6.3 7.8
1050 0.00 0.9 0.3 274 |469 | 6.9 T.84
1.6 .00 0.0 0.3 274 A6 619 7.8

CILSE e 080 WX 27 |46 | 619 Tk
1280 . 0.0 0.0 0.3 2.7% 469 539 7.8
1250 0.8 0.0 0.3 274 |46 | 7.84
1300 8.00 0.8 9.3 274 |69 7.84
1350 0. 0.0 0.3% 274 l4p9 s 39. 7.8
% 800 08 8% 2T |A63 | 63 7.4
1450 0.08 0.08 0.3 274 A89. 633 T8

15,88 009 0.9 0% 2 639 7.84

- TERRACE CUT ABOVE BENCH HEIGHT OF 9. 100001

¢ TABLE 7.7



‘(point A). .This'is greater than' the minimum advance
.reduined,'and again;cqnfirms‘that it is possible to form the

. required front slope angae and advance .-

A ben¢h height of 8 meteré represents an average bench
height. The excav;tor may be required to cut slopes greater

than'this;*thereforé. one should

rmine the maximum bench

'height'whiCh can be cut by the excavator.

From Tables 7 6 and 7.7, it can be not1c d that ‘the
values . are constant for bench he%ghts above 9 meters. This
is because a terrace cut must be used above this he1ght.
For an explanation, see Section-4.3.2. The value obtained
at a bench height of 9.2 meteré.'p%n be applied to. bench
heights above this; thehefore, theﬂmaximum bench height
which can beﬁéﬁt is 15 méters, (Tables 7.6 and 7.7; point

B).

* Now that the formation of the front slope angle and
excavator advance has been confirmed, the side slope must be

checked. To do this, Model C is used.

The maximum side slope angle permitted is 50 degrees,‘
and must fall within the range givén by model C. The range
of side slnpe’angles QEpends bn the maximum slew angle nn
ythe slope side of the BWE centreline of advancex From‘the
given parameters, the output for maximum sléwvangles'of 70
and 80‘degrees must be looked at, (Tables 7;8 and 7.9). At

4

a slope height of § meters, (line 1), a side slope angle of

175
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L/
- Ve

50 degrees falls within the predicted range for both cases

i

of the, max1mum slew ang]e This confirms th:lfﬁcavator can
form the side slope angle at the g1ven parameders.

\KbOOE a bench height of 9 2 meters, the output for
Model C is not constant as 1t is for the minimum front s lope
“angle and maximum advance program. This is because of the
influence the terrace cut has on the side slope above a a
bench height of 9.2 meters. As ment1oned above, the s1de
slope. angle range depends on the nfaximum slew angle. At a
max imum s%de s]obe angle of 50 degrees and a maximum slew
angle of 70 degrees, the max{mum bench height which cap be‘
formed is 12 meters, (Table 7.8; point’ A) ‘while for a

t

maximum slew angle of 80 degrees, the Qﬁu\ abench he1ght

s

is 15 meters, (Table 7.9: point A). S N

In this example, an initial pit side slew angle of 30
degﬁees is selected. The output obtained for the selected

maximum s lew ang]es on the slope side is prov1ded in Tables

7.1Q and 7.11. Using the tables provided, the intersection
of the column representing a side slope of 50 degrees, {Tine
1), and the row at a height of 3 meters, (line 2), gives the

J
maximum cut wwdth fos the given maximum slew angles. For a

pit side slew angle of 30 degrees, and a slope side slew

v

gng]e of 70 degrees, a cut widtgxof 16 meters is obtainéd,
(Table 7.10; point A). For a s lope side slew angle of 80»‘1
degreeé, the cut wid(h is 16.75 meters, (Table 7.11ﬁ point
A). Depending on the operation; these may of may not be

" a



MAXIMUM WIDTH OF CUT AS A FUNCTION OF HEIBHT AND SIDE SLOPE ANGLE FOR THE

OLK SH 638

NOTE: MAXIMUM SLEW ANGLE ON SIDE,SLOPE SIDE IS 78 7

NOTE: MAXIMUM SLEW ANGLE ON PIT BIDE IS 39
NOTE: FOR DROPPING CUT

NOTE: *W' IS THE CUT WIDTH @ THE SIDE SLOPE ANGLE

HE[GHT
N
458
5.0
3.8
b. 80
6. 58
1.0
1.58
B. ™
8.3

KX
9. 50
16, 08
16. 50
1.0
11,50
12. 00
12,59
13,00
13.59
14,09
4. 58
15. 29

We3e
17.3

“esd | wese 1| weco
19.48 2104 2234
18.87  28.61° 22.84
18.25 |28,17 8 |21.73
17,60 [19.70 |21.40
16,95 |19.22 2105
0.0  '18.73 2868
8.00 [18.22 |28.38
.00 (1769 19,9
00 1714 |19.48
0.00 19.95
_8.00_ %:w
0.00 | 0.0 18,27
.00 0.0 1006
0.00 | o.00 l1a.04
0.0¢ | 8.00 [18.03
0. AI 8. |17.99
2.00 o {789
.00 | 8.0 [1.73
.00 80 1750
0. |oe 175
0.00 000 [17.50
.08 0.0 |17.50
68 | 17,5

W70 we8d ey
2353 2.7 2579
2334  2h.68 2577
23.13 2048 25,73
22.91 2435  25.68
22,66  28.21  25.61
22,41 24.84 25,53
22,13  23.86  25.43
21.84 2366 25.11
21.53 23,44 25.17

_2le8 2321 _ o541
£8.85_ 22.95 24,84
28.63 2283 24,79
20.50 22.77 .79
20.49 22,76 2479
2048 2275 .79
2047 22,75 2478
2845 22,74 2478
20.39 2274 24,78
20.27 271 .78
.27 2.71 .78
28.27 2271 ,24.78
.27 2.7 .78
20.27 2271 24,78

TERRACE CUT IS USED ABOVE BENCH HEIGHT OF 9, {000@1

TABLE 7.10

fro
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MAXIMM WIDTH OF CUT AS A FUNCTION OF HEIGNT

0K SH 630

NOTE:
- NOTE:
NOTE:
NOTE:
HE TGHT

4,08

4,58

5.

3.0

6N

6. 50

7.0

7.8

8.%

8.5

9.0¢

9.5¢

16. 09

18. 59

11,08

11.58

12.09

12.58

13.00

13.59

14,00

14,50

15.08

TERRACE CUT IS USED ABOVE

)
1f.12
.25
0.00
0.0
9.00
0.0

0.8
e. 00

KX,
0.0
8.0
0.9
0.00
8.08
X
0.09
2.00
- .00
8.00
8.0
X

wid | wese 11 wece
28,28 |28 [23.17
19.68 2143 | 22,87,
1965 [20.98  22.55
18.41 2051 lezep
1.75 B 21,87
188 |19.5 (21,50
000 19.82 21,1
800 1848 29,7
0.8 17.92 |28.28
408 17,35 19,84
.00 [16.76A (19,38
0.0 6.3 |15.85
.00 ' 90 i85
.00 | 000 |18.84
ood 0@ 1a.4
oo |oes ligg
.00 | 0.0 |18.73
.0 0.0 185
.00 | 000 |1a.34
.00 000 1834
6 | oo |1an
0.0 | .00 [ 18. 34
mm.k&u ,18.34

MAXIMUM SLEN ANSLE.ON SIDE SLOPE SIDE IS 89
MAXIMUM SLEW ANGLE ON PIT SIDE IS 39
FOR DROPPING CUT

"W' IS THE CUT WIDTH 8 THE SIDE SLOPE ANGLE

BENCH HEIGHT OF 9. 190001

TABLE 7.11

W70 e e
.31 5.5  26.67
2018 25.46  26.65
297 5.u 2.
23.74 © .21 2%,
2.50  5.% 2.
23.24 2489 2.
2.9% T 2%,
22,66 0.5 26.17
22,34 W28  %.03
22.81__ 2h.04_ 25,85
2165 _2n7T1__ 25,68
2143 2365  25.63
2.3 .59 5.6
2.3 2358 5.3
2.3 2.5 5.6
2.8 2.5 5.3
2129 8.5 5.6
2123 2% 5.6
2112 3.% 5.6
212 2%  25.63
2112 2% 5.6
212 B% 5.8
2L12 3% 25.63

R X S

AND SIDE SLOPE ANGLE FOR THE

179
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“
In'the\parqmeters fixed at,_the start of this section, a’
’ i

" minimum cut width of 20 meters is required; thus these

§
results are unacceptable. To form the cut width required,
one can reduce the bench height,for change the maximum slew

angles.

1f the bench height is reduced, a height of
approximately 5 meters is obtained at a maximum, slope side
slew angle of 70 degrees, (Table 7.10; poiht B), and a
height of approximately 6 meters for an angle of 80 degreés.
(Table 7.11; point B). The average slope height is 9
meters, and this much reduction in bench height is an

unacceptable solution.

By changing the maximum s]ew‘angles, (either one or
both), ahcut width of 20.meters can Ee obtained. By making
several rQns at différent combinations of the maximum slew
angles, the following combinations were found to satisfy the

20 meter cut width limitation, at a bench height of 9

meters: %
Max Sléew angle Max Slew angle
Slope Side Pit Side
70 | 52.5
80 - 47.5
éO‘ 47.5

. The output used to determine these combinations is not
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provided because it would not add'any detail to this

. 5 .
discussion. . 4

From the prévious discussion, the following slope

designs can be defined:

@

Hmax FSA SSA ¥s ~ ¥p cut Width Advance \

(m) (deg)(deg) (deg) (deg) (m) {m)
$+ 9 70 50 70 30 16.0 4
2 9 70 50 80" 30 16.8 4
3 5 70 50 70 30 20.0 4
4 6 70 50 80 30 20.0 4
5 9 70 50 70 52.5  20.0 4
6 9 70 50 80 47.5  20.0 4
7 9 0 4

70 50 90 47.5 20.

Of these combinations, the best design for the hypothetical

operation is row 6, followed by row 5.

7.4 Future Work

3

The Computer models in this study, have been developed
for use with compact (standard) BWEs; however, they can be
modified to describe the limits for any size BWE. To do

this, the following modifications must be done;

1/ The bench height interval at which the
values are calculated, should be input by

user; (at present, the interval is set

internally to 0.5 meters)
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2/ The advances used to calculate the minimum
front anglies, should be input by user: [up
to the maximum of 8]; (Q} present the
advance is set from 1 to 8 meters, in 1
meter intervals) e |
3/ . The size of the the storage variable must bé
increased»to accomodate all the output

generated : )

They are limited however, to benches formed above crawler
level. Because of this, they cannot be used for deep

cutting BWEs.

To develop relationships which can be used to describe
the 1limits for a bench below the crawler level, the

following BWE design parameters, (as outlined in Section

4.1.1), must be incorporated into relationships:

|\

1/ Maximum depth the excagvator can cut below
the crawler level (HD)

2/ Maximum elevation of the discharge boom (DM)

3/ Minimum elevation of the discharge boom (DD)

4/ Length of discharge boom (DB)

5/ Minimum angle perm%tted between the load

boom and discharge boom (X&)

In addition to these parameters, a safety distance must be

established between the leading edge of the excavator
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,craW]er,‘and’the sltope crest.

For this series of mode]s to be complete; the addition
of atproduct1v1ty -model is neces?ary " Many godd models have

'\h/a1ready been developed to-do thi$ (Venkataramani, 1970), and

-

relat1onsh1ps descr1b1n9 either single excavator
[~

-productivity, or system product1y1ty, have aLrggéy been
deyeloped, (Hof fmann, 1982 (1&2)).
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LOAD"B: TRF5A1. BRS

&

AN

NPE OF BVE? OUK SH 630
DIGGING WHEEL DIAMETER? 8.4
LENGTH OF BWE LOAD BOON? 14,35
WAXIMN LIFT OF DIGGING WHEEL CENTRE? 13.3

THE DISTANCE 'E'7 -1,

ELEVATION OF LOAD BOON PIVOT POINT? 8, 15

DISTANCE BETWEEN LATERAL CENTER LINE AND FRONT EDGE OF CRAWLER, IE. CL? 465

DISTANCE BETWEEN CENTRE LINE OF ADVANCE AND OUTSIDE EDGE OF CRAWLER, [E. CW? 4.9
5 v

' i
DO YOU WANT TO PLOT THE DATA, (Y/N)? N

00 YOU WANT CALCULATIONS FOR ADVANCE AS A FUNCTION OF HEIGHT AND SLOPE ANBLE, (Y
m?Y

D0 YOU WANT TO PLOT THE DATR, (Y/N)? N

Ok

APPENDIX 1-1

ILIST. 2RUN 2LOAD" ASAVE" SCONT 6,°LPT1 7TRON BTROFFOKEY . BSCREEN
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189

10 DIM TAH(9,40)

20 PI=3.1415393

30 INPUT "NAME OF BWE"INAMELS

40 INPUT "DIGGING WHEEL DIAMETER“;D  °

S0 INPUT "LENGTH OF BWE LOAD BOOM";LB

£0 INPUT "MAXIMUM LIFT OF DIGGING WHEEL CENTRE®;HM
70 INPUT “THE DISTANCE 'E'";E

80 INPUT "ELEVATION OF LOAD BOOM PIVOT POINT®;Y .
90 INPUT "DISTANCE BETWEEN LATERAL CENTER LINE AND FRONT EDGE OF CRAWLER, IE. CL*;CL

100 INPUT "DISTANCE BETWEEN CENTRE LINE DVANCE AND OUTSIDE EDGE OF CRAWLER, IE. CW";CW

110 LPRINT "MINIMUK OVERALL FRONT SLOPE AS/R FLACTION OF HELGHT AND ADVANCE OF TERRACE FOR"
{15 LPRINT *THE iNELS
120 LPRINT *

130 LPRINT *1p IS RDVRNCE AND CF\LCULRTED NUMEERS ARE FRONT SLOPE ANGLE™

4
140 LPRINT "NOTE: FOR TERRACE CUT® ,
145 LPRINT * * _
150 LPRINT "HEIGHT = A=1  A=2 A3 A=h =5 A6 A= A<B”

160 BTAD=(Y-(.5%D))/LB

170 BTDR=ATN(BTAD/SAR (1-BTAD+BTAD))
180 Ft=(LB-E)+COS (BTDOR)

190 F2=((F1°2)-(CW*2) ). 5

200 F=1+(F1-F2)

210 HHMIN%=(D/A}/.5

215 HMIN=HHMINL®, S
216 HMIN2=HMIN
217 IF HMIN((D/2) BOTO 218 ELSE GOTC 220

218 HMIN=HMING. S

219 GOTO 217

220 H=HMIN

230 HHMAXE=(HM+(, 23D)) /.5

235 HMAX=HHMAXLE, S

236 ICOUNT= (HMAX-HMIN) #2+1

240 I4=1

244 Jx=1

246 J=1 N

250 IF HYRMAX GOTD 420

260 A=l

270 1=2 .

280 IF HYHM THEN Brm-(un-v)/ua

290 IF (H(=HM) AND (H)Y) THEN BTAH=(H-Y)/LB

300 IF (H{=Y) AND (H)=HMIN) THEN BTAH=(Y-H)/LB *
310 BTHR=ATN(BTAHASAR(1-BTAHIBTAH) ) '

320 AR=(LB#COS (BTHR)-E) - (R4F4CL) (

324 IF AA(=0! THEN TAH(I,D=%0! . : ' \\
326 IF AA(=0! 6OTD 360 - \
327 IF (H-(D/2)) (0 THEN TAH(I,J)=0 | \
328 IF (H-(D/2)) (0 6OTO 360 g

330 BB=(H-(.5¢D)) /AR
340 TAH{I, J)=ATN(BB) , \
350 TAH(L, J)=TAH(I, J) #180/P1 : : I

360 1=1+1

370 A=p+

380 IF A(9 BOTO 320

385 TAH(1,J)=H



5010 HMAXL=INT (HMAX+. 3} tHMINL=INT (HMIN2-. 5)
5020 YFACT=(1300/ (HMAX1-HMIN1}) : XFACT=80/9

5030 PRINT #1,";: A H " "INITIRCIZE PLOTTER
5040 PRINT #1,"U 0,0 D 0,0 0,2200 1700,2200 1700,0 0,0 "
5050 PRINT #1,*U 300,200 D 300,200 300,2000 1500,2000 1500,200 300,200 *

5060 PRINT #1, “U 400,1940 Si1+ MINIMUM OVERALL FRONT SLOPE ANGLE RS A FUNCTION OF }EIGHT

S065 PRINT 41, "U 730,1905 5114+ FOR THE TERRACE CUT _ *
5070 PRINT #1, *U 730, 1845 512 * NAMEL$ * _ *

5080 FOR K=0 T0 90 STEP 10

5090 X$=GTR$ (INT (K#XFACT+500.5)) : YY$="460" :HMIN$=" 450"
5100 IF K=0 THEN PRINT #1,* U "X, "HNINS$

5110 PRINT #1, * D “X$*, “HMINS

5120 PRINT #1, * D "X$*,“YY$

5130 PRINT #i, * D -xs-,-mms

5140 NEXT K

5150 FOR K=0 T0 90 STEP 10

5160 X$=STR$ (INT (KeXFACT+460.5)) 1 XX$=STRS (K) : Y$="420, 5"
5170 PRINT #1,% U “X$°,"Y$" Sli+ "Xys* _*

5180 NEXT K

5190 PRINT #1, * U 500,450 *

5000 FOR K=HMIN TO HMAX1 STEP 1 ,

5210 X$="500":X1$="510":Y$=STR$ (INT( (K-HMIN1) #YFACT+450,5))
5220 PRINT #1, * D *X$*,*Ys.

5230 PRINT #1, * D *X1$*,"Y$

5240 PRINT #1, * D "X$*,"Y$
5250 NEXT K

5060 FOR K=HMIN1 TO HMAX1 STEP 1 :

5270 X$="415":Y$=5TRS (INT ( (K-HMIN1) #YFACT+450, 5)) : YY$=5TR$ (K)
5280 PRINT #1,"U "X$","Y$
5290 PRINT #1,* Sli+ *yys*

5300 NEXT K ’

5310 PRINT #1,*U 800,380":PRINT #1,* S11+ FRONT SLOPE ANGLE _ *
5320 PRINT #1,*U 350,900 :PRINT #1,* S41+ BENCH HEIGHT (M) _ *
5330 PRINT #1," EL *

5340 FOR 1=2 10 9

5350 IF I=2 THEN PRINT #1,“L0 *

5360 IF 1=3 THEN PRINT #1,"L1 *

5370 IF I=4 THEN PRINT #1,"L3 *

5380 IF [=5 THEN PRINT #1,"L5 "

5390 IF 1=6 THEN PRINT #1,“L7 *

5400 IF [=7 THEN PRINT #1,"L8 *

5402 IF 1=8 THEN PRINT #1,*L9 *

5404 IF 1= THEN PRINT #1,"L: *
" 5410 FOR J=1 TO ICOUNT .

5420 X$=STR$ (INT (TAH(1, J) #XFACT+500.5) ) : Y$=GTRS (INT ( (TAH(1, J)-HMIND) #YFACT#450.5))
5430 IF J=1 THEN PRINT #1,"U "X$,Y$* *
5440 PRINT #1,"D * X$*,"Y$" *
5450 NEXT J:NEXT I ,
5460 PRINT #1,*L0 U 550,320 D 650,320 *
5461 PRINT #1,"L1 U 800,320 D 900,320 *
S462 PRINT #1,"L3 U 1050,320 D 1150,320 *
. 5463 PRINT #1,"LS U°550,290 D 650,290 *

S464 PRINT #1,*L7 U 800,290 D 900,290 *
5465 PRINT #1,"L8 U 1050,290 D 1150,290 *

¥
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390 LPRINT USING "MW W& *;TAH(L,J), TAH(2, 3T, TAH(3, J), TRH{4, J), TRH(S, J), TAH(6, J), TRH(7, ], TAH(8, J) |
TAH(Y ,J) : . ’
400 H=He. S
405 J=J+1
4{0 GOTO 250 (
860 LPRINT * *
430 LPRINT “FOR HEIGHT LESS THAN ":HMIN;* THERE IS NO LIMIT DN THE ADVANCE®
432 INPUT "DO YOU WANT TO PLOT THE DATA, (Y/N)*;11$ '
435 IF I1%="Y" THEN GOSUB 5000 : T '
440 INPUT *DO YOU WANT CALCULATIONS FOR ADVANCE RS A FUNCTION OF HEIGHT AND SLOPE ANGLE, (Y/N)*;I$
450 IF 7$="N" GOTO 780
460 LPRINT * * ,
470 LPRINT "MAXIMUM ADVANCE AS A FUNCTION OF HEIGHT AND FRONT SLOPE ANGLE FOR. THE *
475 LPRINT NWELS$.
480 LPRINT " * -
490 LPRINT *'A' IS ADVANCE @ FRONT SLOPE- ANGLE®
500 LPRINT “NOTE: FOR TERRACE CuT*
505 LPRINT * *
S10 LPRINT "HEIGHT  AG30 - AB40  AES0 A0 AG70  AGBO  AE8Y*
520 H=HMIN '
505 J=1
530 =2
40 TAH(I, J)=99!
550 1=1+1
S60 IF 149 GOTO 540
570 IF H)H¥AX GOTO 760
580 FSA=30
590 1=2
600 FSAR=FSAPI/180
610 IF H)HM THEN BTAH=(HM-Y) /LB
620 IF (H(=HM) AND (H)Y) THEN BTAH=(H-Y)/LB
630 IF (H(=Y) AND (H)=HMIN) THEN BTAH=(Y-H)/LB
640 BTHR=ATN(BTAH/SOR(1~BTAHEBTAH))
650 AA=( (D#.5)-H) /TAN(FSAR)
650 BB=LB*COS(BTHR) € .
670 TAHI=AA+BB-CL-F '
675 IF TAHI(0' THEN TAHI=0' -
680 TAH(I, J)=TAHI
690 1=+
700 FSA=FSA+10
710 IF FSR=90 THEN FSA=89
720 IF FSA(90 BOTO 600
725 TAH(1, J)=H
730 LPRINT USING “M4%. %8 ";TAH(1, 1), TAH(2,J), TRH(3,J), TRH(4, J), TAH(S, J), TAH(G, J), TAH(7, J), TRH(8, ])
=735 J=J+ : '
740 HeHF. S
750 GOTO 570
755 YHAX=TAH(8, 1)
. 760 LPRINT * *

770 LPRINT “FOR HEIGHT LESS THEN *;HMIN;™ THERE IS NO LIMIT TO ADVANCE"
774 INPUT “D0 YOU WANT 7O PLOT THE DATA, (Y/N)*;I1l$
776 IF 121%="Y" THEN GOSUB 6000
. 780 END
5000 OFEN "COM2:2400, E, 7,2, CS60000, DS60000* RS #1
3005 ON ERROR GOTO 5300



\\ ’ |

\} l‘)%
5466 PRINT M,'i9 U 550,260 D 650,260 *
5467 PRINT #1,*L: U 800,260 D 900,260 *

9475 PRINT 81, "EL ®

5476 PRINT #1,"L0"*

5480 PRINT #1,* U 400,290 S1{+ LEGEND _*

5490 PRINT #1," U 670,320 S11 A=l _ "

5500 PRINT #1," U 920,320 Si1 A=2 _ *

5510 PRINT #1,* U 1170,320 511 A=3 _* ).

5520 PRINT #1," U 670,270 511 A=4 _ * (

5530 PRINT #1,* U 920,290 S11 A=5 _*

5540 PRINT #1,* U 1170,290 S11 A=6 _ "

5542 PRINT #1,* U 670,260 S11 A=7 _*

5544 PRINT #1," U 320,260 511 A=8 _ * : ‘

5552 PRINT #1,°U 550,230 SI1 A=ADVANCE _* ’ p

5560 PRINT #1,* H ":CLOSE } IO

5570 RETURN !

5900 FOR 1JKL=0 10 1000:NEXT 1JKL:RESUPE .

6000 OPEN "COM2:2400,E, 7,2, (560000, DS60000* AS #1

6010 ON ERROR GOTO 7000 |

6020 HMAX1=INT (HMAX+,5) HMINL=INT (HMINS-, 5)

6030 YY=CINT(TAH(B, 1)+.5)

6040 YFACT=(1300/ (HMAX1-HHINL) ) :XFACT=800/YY

6050 PRINT #1,";: A H * VINITIALIZE PLOTTER

6060 PRINT #1,"U 0,0 D 0,0 0,2200 1700,2200 1700,0 0,0 *

6070 PRINT #1,*U 300,200 D 300,200 30,2000 1500,2000 1
4B

o

b2} 5
Ch W,

6080 PRINT #1, *U 550,1940 S11+ MAXIMUM ADVANCE RS A FU

6090 PRINT #1, “U 730,1905 Sli+ FOR THE TERRACE CUT _ * %

6100 PRINT #1, *U 750, 1845 S12 " NAMELS * _ "

6140 FOR K=0 TO YY STEP 1 '

6150 X$=STRS {INT (K#XFACT+500.5) ) 1YY$="460" sHNIN$="450"

6160 IF K=0 THEN PRINT #1," U *X$", "HMINS

6170 PRINT #1, * D "X$","HMINS

6180 PRINT #1, * D *X$*,"YY$

6130 PRINT #1, * D *X$, "HMINS

6200 NEXT K

6210 FOR K=0 TO YY STEP 1

6220 X$=STRS (INT(KEXFACT+460.5)) : XX$=5TRS (K) :Y$="420, 5"

6230 PRINT #1," U "X$*,"Y$" Si1+ "Xy¢* _*

6240 NEXT K .

6250 PRINT #1, * U 500,450 *

6260 FOR K=HMIN1 TO HMAX1 STEP 1

6270 X$="500":X1$="510" :Y$=STR$ (INT( (K-HMIN1) #YFACT+450,5) }

6280 PRINT #1, * D "Xs",*V$

6290 PRINT #1, *.D *X1$*,"Y$

6300 PRINT #1, * D *X$","Y$

6310 NEXT K .

6320 FOR K=HMINI TO HMAX! STEP |

6330 A$="415": Y$=STR$ { INT ( (K-HMINL) #YFACT+450. 5)) : YY$=STRS (K)

6340 PRINT #1,"U *X$",*Y$

6350 PRINT #1," S1i+ "yyg* *

6360 NEXT K

6370 PRINT #1,"U 800,380%:PRINT #1,* Sii+ ADVANCE (M) _ *

" 6380 PRINT #1,"U 350,900":PRINT #1," S&i+ BENCH HEIGHT (M) _ *
6390 PRINT #1,* EL *




6400 FOR 1=2 10 8

6410 IF 122 THEN PRINT #1,"L0 *
6420 IF 1=3 THEN PRINT B1,"L2 *
6430 IF T=4 THEN PRdT n1 LA *
6440 IF 1=5 THEN PRINT #1,L6 *
6450 IF 1=6 THEN PRINT #1,"L8 "
6460 IF 1=7 THEN PRINT #1,°L9 *
6470 IF =8 THEN PRINT #1,"L: *
6480 FOR J=1 T0 ICOUNT

6490 X$=STR$ (INT(TAH(I,J)#XFACT+500.5)) :Y$=GTRS (INT ((TAH(1,J)-HWINL) #YFACT+450,5)) l

6500 IF J=1 THEN PRINT #1,°U "X$,ys* *

6510 IF TAH(I,J)=0' THEN PRINT #1, "U "Xs,ys* *
6520 IF TAHYI, ])=0' 60TO 6540 :
6530 PRINT #1,"D * X¢*,*Ys" *

6540 NEXT J:NEXT I

6541 PRINT #1,"L0 U 550,320 D 650,320 * P .
6542 PRINT #1,"L2 U 800,320 D 900,320 * [

6543 PRINT #1,°LA U 1050,320 D 1150, 320 * )

6544 PRINT #1,"L6 U 550,290 D 650,290 * \

£545 PRINT #1,°L8 U 800,290 D 900,290 * N

6546 PRINT #1,°L9 U 1050,290 D 1150,290 *
6547 PRINT #1,"L: U 550,260 D 650,260 *
£565 PRINT #1,"EL *

6566 PRINT #1,"L0 *

6570 PRINT #1,* U 400,290 Si1+ LEGEND _*
6580 PRINT #1,* U 670,320 511 FSA=30 _ *
6590 PRINT #1,* U 920,320 S11 FSA=40 _ "
6600 PRINT #1, U 1170,320 Sif FSR=50 _ "
6610 PRINT #1," U 670,290 Si1 FSA=60 _ *
6620 PRINT #1," U 920,290 Si1 FSA=70 _ "
£630 PRINT #1," U 1170,290 511 FSA=80 _ "
6640 PRINT #1,* U 670,260 511 FSA=83 _ *
6660 PRINT #1, *U 550,230 S11 FSA=FRONT SLOPE ANGLE _ *
6670 PRINT #1," H *:CLOSE

£680 RETURN

7000 FOR 1JKL=0 TO 1000:NEXT IJKL:RESUME

Y

L

ﬁ
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APPENDIX -2
LOAD"B: TRMNSSA, BAS
Ok
RN
NAWE OF BHE? OLK SH 638
DIGGING WHEEL DIAMETER? B.4
LENGTH OF BWE LOAD BOOM? 14,35
WAXIMUN-LIFT OF DIGGING WHEEL CENTRE? 13.3
THE DISTANCE 'E'? ~1.1
ELEWATION OF LOAD BOOM PIVOT POINT? 8,15
HORIZONTAL WHEEL FREE ANBLE ON SLOPE SIDE? 56
DO YOU WISH A PLOT OF THE DATA Y/N 7 N

DO YOU WANT TD CHANGE THE HORIZ. WHEEL FREE ANGLE, (Y/N)? N
Ok .

ILIST 2RUN 3LOAD® ASAVE" SCONT 6, "LPTL TTRON BTROFFIKEY

@SCREEN

e
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[}

bi
#
Wt

10 DIN TATA(7,40)

280 Pl=3. 141593

o

g
X f}

L7

36" INUT NV OF PWE* NVELS

A0 NPT *DIGGING WEEL DIAMETER";D

50 INRIT "LENGTH OF BWE LOAD BOOM® ;LB

60 INAUT "MAXIMUN LIFT OF DIGGING WHEEL CENTRE";I¥

70 INPUT *THE DISIANCE "E'*;E -
80 INPUT *ELEVATION OF LOAD BOOM PIVOT POINT*;Y

90 INWUT "HORIZONTAL WHEEL FREE ANGLE ON SLOPE SIDE™;M#A
100 MNSL=90-HWF A

110 IF MNSL) 30 THEN N=30

120 IF MNSL) 40 THEN N=40

130 IF MNSL)S0 THEN N=50

170 MNSLR=MNSL#P1/180

180 LPRINT * * ‘

190 LPRINT "MINIMUM QVERALL SIDE SLOPE ANGLE AS A FUNCTION OF HEIGHT FOR THE *jNAMELS

200 LPRINT * *

210 LPRINT "NOTE: MINIMUN SLEW ANGLE 15" :MNSL

220 LPRINT *SL IS THE MAXIMUN SLEW ANGLE ON THE SLOPE SIDE®
230 LPRINT *NOTE: FOR TERRACE CUT* .

240 LPRINT * * ,

£50 LPRINT “REIGHT  SL=90  5L=80 =70 =60 SL=50  SL=40*
260 BTAD=(Y-(D/2)) /LB

270 BTDR=ATN(BTAD/SOR{1-BTADBTAD))

280 HHMAIL= (HH+(,24D)) /.5

230 HHAX=HIAXXES

300 HMINL=(D/2) /.5

305 HMINHHMINK®, 5

310 HMINS=HMIN

311 IF HMIN((D/2) THEN GOTO 312 ELSE GOTO 320

312 IMINSHNING. S

313 6070 311

320 H=HMIN

325 Ji=1

330 Ix=1

331 J=| ‘ ,
335 ICOUNT=(HMAX-HMIN) 22¢1 ' THIS WILL SET PLOT PARAMETERS
340 IF HYH#AX 6010 5590

350 I=2 :

360 IF HYHM THEN BTAH= (H4-Y) /LB

370 IF (H(=HM) AND (H)Y) THEN BTAH=(H-Y)/LB

380 IF (H(=Y) AND (H)=(D/2)) THEN BTAH=(Y-H)/LB

390 [F HYHM THEN H1=HM ELSE Hi=H

400 BTHR=ATN (BI#4/ SR (1-BTAHEBTAH) )

410 5L=90 “

420 SLR=SLePI/180 °

430 A=(LB*COS(BTHR) -E+(D/2) ) #SIN(SLR)

440 B=(1B+COS(BTDR)-E) #SIN(MNSLR)

450 C=H1/(A-B)

460 TATA(T, J) =ATN(C)

470 TATACL, J)=TATA(L, J1+180/PT

480 [=1+{

490 SL=SL-10

500 IF SLIN 60TO 420

195
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502 IF N=50 THEN TATA(6,J)=0!

504 IF N=40 THEN TRTA(7,J)=0"

506 IF N=50 THEN TATA(7,J)=0!

507 TATALL, J)=H

510 LPRINT USING- “#48. 1 -;mmu.J),mm(a,u,mmu,n,mmu,J),\mms,n,mrme,n.mmn,u
920 H=H+,5 . ,

525 J=J+1 ‘

530 [=2

540 GOTO 340

S50 INPUT “DO YOU WISH A PLOT OF THE DATA Y/N *;vs

360 IF y$="y" THEN GOSUB 5000

370 INPUT *DO YOU WANT TO CHANGE THE HORIZ. WHEEL FREE ANGLE, (Y/N)*;l$

S80 IF 71$="y* GOTO 90

590 END f

5000 OPEN "COM2:2400, E, 7,2, 560000, DS60000* AS #

5005 ON ERROR GOTO 6000

SOL0 HMAX1=INT (HMAX+, 5 tHMINI=INT (HMIN2-. 5)

5020 YFACT=(1300/ (HMAX1-HMIN1) ) s XFACT=80/9

5040 PRINT #1,";: A H * VINITIALIZE PLOTTER

5030 PRINT #1,™U 0,0 D 0,0 0,2200 1700,2200 1700,0 0,0 *

3055 PRINT #1,"U 300,200 D 300,200 300,2000 1500,2000 1500,200 300,200 *

3060 PRINT #1, “U 400,1940 S11+ MINIMN OVERALL SIDE SLOPE ANGLE AS A FUNCTION OF HEIGHT _ *

3065 PRINT #f, "U 730,1905 St1+ FOR THE TERRACE cuT _ *

5070 PRINT #1, "U 750, 1845 S12 * NAMELs * _ °

5073 MNSL$=STR$ (MNSL)

075 PRINT #1, "U 550, 1790 Si1 MINIMUM SLEW ANGLE IS * msLs * _ *
5080 FOR K=0 T0 90 STEP 10

S100 X$=STR$ (INT (KEXFACT+500,5)) : YY$="460" :HMIN$="450" ]
S110 IF K=0 THEN PRINT #1," U *X$*, "HMINS

S120 PRINT #1, " D *X$","HMINS

S140 PRINT #1, " D *X$*,"YY$

S160 PRINT #1, ™ D "X$","HMINS

S170 NEXT K

5180 FOR K=0 T0 90 STEP 10

S183 X$=5TR$ (INT (K£XFACT+460,5)) s XX$=STR$ (K) : Y$="420, 5"

S190 PRINT 41," U *X$",°Y$" Si1+ "Xys* _* . 7
9193 NEXT K

5200 PRINT §8, * U 500,450 *

5220 FOR K=HMIN! TO HMAX1 STEP {

3240 X$="500":X1$="510":Y$=8TR$ (INT ( (K-HMIN1) #YFACT+450.5)) .
3260 PRINT #1, * D "X$*,"Y$

5280 PRINT #1, " D "X1$",*V$

5300 PRINT #1, " D "X$","Ys

5320 NEXT K

5330 FOR K=HMIN1 TO HMAX1 STEP {

3332 x$="415"g#=STR$ (INT ( (K-HMIN1) #YFACT+450.5)) : YY$=STR$ (K)

3334 PRINT #1,°0 “X$®,"vs$

S336 PRINT #1," Sli+ *vys* =

5338 NEXT K

3340 PRINT #1,"U 750,380 :PRINT #1,* Si1+ SIDE SLOPE ANGLE _ *

3350 PRINT #1,"U 350, 900" :PRINT #1,* SAl+ BENCH HEIGHT (M) _*

5353 PRINT #1," EL *

3360 FOR I=2 TO 7 . ‘

- 3365 IF I=2 THEN PRINT #i,"L0 *



5366*145 123 THEN PRINT #1,%L3 *
5367 IF I=A THEN PRINT #1,"L5 "
5368 IF 1=5 THEN PRINT #1,"L7 *
5369 IF I=6 THEN PRINT #1,"L9 *
3370 IF I=7 THEN PRINT #1,"L: *
5380 FOR J=1 TD ICOUNT

n 5400 X$=STR$ { INT(TATA(I, J) #XFACT+500.5)) : Ys-—STRmNT((mm(l J) MINInypgcm

5420 IF J=1 THEN PRINT #,"U *X$,Ys* "
3440 PRINT #1,"D * Xx¢*,"vys" *
3460 NEXT J:NEXT I -

* 5461 PRINTM‘,'LOUSSOBEODBSO?:EO'
5462 PRINT $,"L3 U %0 320 D 900,320 * ..
.. 463 PRINT i, "L5 U 1050,320 D 1150, 320 ",

o

5666 PRINT u " u 1050 290 D 1150 2% *
5469 PRINT #1,"EL~*
_ 5470 PRINT #1,"L0 *
" 5480 PRINT #1," U 400,290 S11+ LEGEND *
5488 PRINT #1," U 670,320 511 MXSL=90 _ * -
., 5489 PRINT #1," U 920,320 S11 MXSL=80"_ "
.- 5430 PRINT #1,* U 1170,320 S11 MYSL=70 _ *
o 5491 PRINT #1,* U 670,290 511 MXSL=60 _ "
4 SA92 PRINT #1,* U 920,290 511 MXSL=50 _*
© 5493 PRINT #1," U 1170,290 'S11 MXSL=40 _ "¢
5495 PRINT #1,"L0 *
549 PRINT #1, "U'550,260 S11. MXSL=MAXIHUM SLEW ANGLE _
5499 PRINT_#1," H *:CLOSE.
5500 RETURN
6000 FOR IJKL=0 10 $000:NEXT 1JKL:RESUME

‘o
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' APPENDIX I-3
LDAD"B: TROUTW. BAS .
Ok
RN

NA¥E OF .BME? OIK SH 638

- DIGEING WHEEL. DINETER? 8.4

LENGTH OF BVE LOAD BOOM? 14,35

WAXIMM LIFT OF DIGGING WHEEL CENTRE? 13.3

THE DISTANCE 'E'? -1.1

 THE ELEVATION OF THE LOAD BOO PIVOT POINT? 8,15

MAXIMUN HORIZONTAL WHEEL FREE ANGLE ON THE SLOPE SIDE?. 36
MAXIMM SLEW ANGLE ON DPEN SIDE AT GROUND LEVEL? 30 °
WAXIMM SLEW ANGLE ON TOP TERRACE ON SIDE SLOPE SIDE? 7@
DO YOU WANT TO PLOT THE DATA, (Y/N)? N

DO YOU MANT TO CHANGE MAXIMUN SLEW msﬁts" /N7 Y
'WAXIMM SLEW ANGLE ON OPEN SIDE AT GROUNDLEVEL? 38
WAXIMN SLEW ANGLE ON TOP TERRACE ON SIDE SLOPE SIDE? 90
DO YOU WONT T0 PLOT THE DATA, (Y/N)? N )

D0 YOU WNT TO CHAEE MRXIMM SLEW AHGLES, (vmw N o
Ok o S

@,
&

ILIST ~ 2RUN  3LOAD" 4S$WE" SCONT 6, "LPTH 7TRUN 8TROFFIKEY  @SCREEN

198



199

10 DIN (B, 40) o o ' o
20 PI3. 141593 | | -
30 INPUT “NAME OF BHE” ;NOWE1$ . ' ‘

40 INPUT *DIGGING WHEEL DIAMETER™;D

50 INPUT “LENGTH OF EWE LOAD BOOM“;LB

60 INPUT “MAXIMUM LIFT OF DIGGING WHEEL CENTRE";HM .

70 INPUT “THE DISTANCE 'E'*;E ) ' : '
80 INPUT *THE ELEVATION OF THE LOAD BODM PIVOT POINT*3Y - 1 '

90 INPUT “MAXIMUM HORIZONTAL WHEEL FREE ANGLE ON THE SLOPE SIDE',[:MFR
100 MNSL=30-HWFA

110 Ix=t

120 NASLR=MNSLPI/180

130 INPUT "WAXIM SLEW ANGLE ON GPEN SIDE AT GROUND LEVEL*{055

140 INPUT "MAXIMUM SLEW ANGLE ON TOP TERRACE ON SIDE SLOPE SIDE®;pssa

150 IF PSSA(MNSL BOTO 630

160 PSSAR=PSSA#PT/180

170 0SSAR=0SSAXPI/180

175 MNSLR=MNSLEP1/180

180 LPRINT * * -

190 LORINT “WIDTH OF CUT RS A FUNCTION OF HEIGHT AND SIDE SLOPE ANGLE FOR THE *jNAMELS
200 LPRINT * * :

210 LPRINT "NOTE: MAXIMUN SLEW ANGLE FOR THE TOP TERRACE ON SIDE SLOPE SIDE 15°;PSSA
220 LPRINT *NOTE: MAXIMUM SLEW ANGLE ON THE. OPEN SIDE I5";0S5A

230 LPRINT *'H' 1S THE CUT WIDTH @ THE SIDE SLOPE ANGLE FOR THE TERRACE CUT"

240 LPRINT "MINIMM SLEW ANGLE 1S *;MNSL

245 LPRINT *TERRACE CUT*

250 LPRINT "HEIGHT 30 . We4o We50 WBE0 We70 Weso Weas*

260 BTAD={Y-(D/2)}/LB

270 BTDR=ATN(BTAD/SGR (1-BTADEBTAD) )

280 HHMAXX=(HM+(.2%D)) /.5

290 HWAX=HHMAXEE,S , S

300 HHMINX=(D/2) /.5 | x
305 HMINSHIMING®, S

310 HAIN2=HMIN .

311 IF HMINC(D/2) THEN GOTO 312 ELSE 6OTO 315

312 HMIN=HMIN®, S

313 6070 311 ‘

315 ICOUNT=(HMAX-HMIN) ¥2+1 , v
320 H=HMIN '

35 Jx=1

36 J=1 ‘

330 1=2 -

340 W(I,3)=99!

350 1=1+

360 IF 1¢3 60TO 340

370 IF HYHMAX GOTO 592

380 1=2

390 58=30 ; - ' o C
400 SGR=5S¥P1/180

$10 IF HIHM THEN BTAH=(H#-Y) /LB

420 IF (H{(=HM) AND (H)Y) THEN BTAH=(H-Y)/LB

_ 430 IF (H(=Y) AND (H)=(D/2)) THEN BTAH=(Y-H)/LB

440 BTHR=ATN(BTAH/SAR (1-BTAH+BTAH)) ' ) | o
450 A=(LB*COS (BTHR)-E+(D/2) ) ¥SIN(PSSAR) ' ~



/ .
§52 A= (LB#C0S (BTOR)~E) #SIN(MNSLR)

455 L1A=A-A1

460 B=(LB+COS (BTDR) -E) #SIN(0SSAR)
470 C=H/TAN(SSR)

480 IF C)LIA THEN WI=0!
490 IF C)LIA 60TO 510
500 WI=A+B-C ‘
510 IF WI(0! THEN WI=0!
520 W(I,J)=hI

530 [=1+1

540 §5=55+10

550 IF §5=90 THEN S5=89
560 IF S3(30 GOTO 400
565 W1, J)=H

570 LPRINT USING "84 4% "3W(1,J) W(2, ), W3, 1), W4, J), W(5,0), W6, J), (7, ]}, H(B, J)

575 J=J+1

580 HeH+. 5

590 FNTN 370
597 o #(B, 1)

9% ~ "D0 YOU WANT TO PLOT THE DATA, (Y/N)";I1$

596 I+ LI$="Y" THEN GOSUB 5000

600 INPUT “DO YOU WANT TO CHANGE MAXIMUM SLEW QNGLES, (Y/N)"318

610 IF 1$="Y" GOTO 130
620 GOTO 650.

630 PRINT "SLEW ANGLE IS LESS THQN THE MINIMUM ANGLE®

640 6070 600
650 END

3000 OPEN "COM2:2400,E, 7,2, C560000, 0560000 AS #{

3005 ON ERROR GOTO 6000

5010 HMAX1=INT (HMAX+, 3) :HMINI= INT(HMINE- 5)

3015 YY=CINT(YMAX+,5) :YYY=INT (R14B) \

3017 IF YY/2 ) { INT(YY/2) THEN YY=YY+i

J018 IF YYY/2 ) ( INT(YYY/2} THEN YYY=YYY-L

5020 YFACT={1300/ (HMAX 1 -HMIN1) } sXFACT=B00/ (YY-YYY)
3040 PRINT #1,";: A H * "INITIALIZE PLOTTER

_

2030 PRINT 81, 'UO0D0002200170022001700000'

5055 PRINT #1,*U 300,200 D 300,200 300,2000 1500,2000 1500,200 300,200 *

S060 PRINT #1, "U 500, 1940 S11+ WIDTH OF CUT AS A FUNCTION OF BENCH HEIGHT _

© 5065 PRINT #1, *U 680,1905 S11+ FOR THE TERRACE CUT _
5070 PRINT #1, "U 750,1845 512 * NAMELS * _

3072 MXSL$=STR$ (PSSA) :MNSL$=GTR$ (MNSL} :0SSA$=GTR$ (0SSA)

5075 PRINT #1, "U 370,1790 511 MINIMUM SLEW ANGLE IS * MNSL$ * _
5077 PRINT #1, *U 720,1790 SI1 MAX SLEW ANGLE SLOPE SIDE * MISL$ * _
5078 PRINT #1, *U 1110,1790 Si1 MAY SLEW ANGLE PIT SIDE * 0SSA$ *

5080 FOR K=0 TO (YY-YYY) STEP 2

3100 X$=STR$ (INT (K¥XFACT+500.5)) : YY$="460" :HMIN$="450"

S110 IF K=0 THEN PRINT #1," U "X$","HMINS

5120 PRINT #1, " D *X$", "HMINS
5140 PRINT #1, * D *X$","YY$
5160 PRINT #1, * D "X$", " wBINS
5170 NEXT K

5180 FOR K=0 TO (YY-YYY) STEP 2

5183 X$=STRS (INT (K#XFACT+460. 5) ) : XX$=5TR$ (K+YYY) s Y$—'420 2"

5190 PRINT #1,° U "X$","Y$" Sif+ “XXs* _

200



5195 NEXT K :
5200 PRINT #1, * U 500, 430 *
220 FOR K=HMINI TO HMAX1 STEP 1
5240 X$="500" :X1$="510" :Y$=STR$ (INT M{K-HMIN1) #YFACT+450, 5))
5260 PRINT #1, * D “X$*,*Y$
5280 PRINT #1, * D “X1$",*Y$
5300 PRINT #1, * D “X$*,*Y$
5320 NEXT K
5330 FOR K=HMIN! TO HMAX1 STEP 1
5332 X$="A15" :Y8=GTRS (INT ( (K-HNINL) §YFACT+450.5) ) :YY8$=STR$ (K)
5334 PRINT #1,*U "X$",*Y$
5336 PRINT #1,* S11+ “yys" *
5338 NEXT K
5340 PRINT #1,"U 800, 380" :PRINT #1,* Si1+ WIDTH OF CUT (M) _*
5350 PRINT #1,"U 350,900*:PRINT #1," S41+ BENCH HEIGHT (M) _ *
5355 PRINT #1," EL * ‘
5360 FOR I=2 T0 8
5365 IF I=2 THEN PRINT #1,*L0 *
5366 IF 1=3 THEN PRINT #1,"L2 *
5367 1F I=4 THEN PRINT #1,"L4 *
- 5368 IF I1=5 THEN PRINT #1,"L6 *
5369 IF I=6 THEN PRINT #1,"L8 *
5370 IF [=7 THEN PRINT #1,°L9 *
5375 IF 1=8 THEN PRINT #1,"L: *
5380 FOR J=t TO ICOUNT
5400 X$=STR$ (INT (W (1, J) #XFACT+500. 5- (XFACT#YYY)))
S410 Y$=STRS (INT((W(1,J)-HMINI) #YFACT+450.5)) w
5420 IF J=1 THEN PRINT #1,"U "Xs,Ys" *
5423 IF W(I,J)=0' THEN PRINT #1, *U *Xs,ys" *
5426 IF W(1,J)=0' GOTO 5460
5440 PRINT #1,°D * X$*,"ys* *
5460 NEXT J:NEXT I
5461 PRINT #1,°L0 U 550,320 D 650,320 *
5462 PRINT #1,"L2 U 800,320 D 900,320 *
5463 PRINT #1,"Lé U 1050,320 D 1150,320 *
5464 PRINT #1,°L6 U 550,290 D 650,290 *
5465 PRINT #1,"L8 U 800,290 D 900,290 *
5466 PRINT #1,"L9 U 1050,290 D 1150,290 *
S467 PRINT #1,"L: U 550,260 D 650, eeo .
5475 PRINT #1,"€L *
5476 PRINT #1,"L0 *
5480 PRINT #1," U 400,290 S11+ LEGEND - *
- 5488 PRINT #1," U 670,320 S11 §SA=30 _*
5489 PRINT #1,* U 920,320 511 SSA=40 _*
5490 PRINT #1," U 1170,320 S11 SSA=50 _*
5431 PRINT #1,* U 670,290 511 55A<60 _ *
5432 PRINT #1,* U 920,290 S11 SSR=10 _ *
5493 PRINT #1,* U 1170,290 S11 55A<80 _ *
5434 PRINT #1,* U 670,260 Si1 SSA=89 _ *
5437 PRINT #1, *U 550,230 S11 SSA=SIDE SLDPE ANGLE _ *
5499 PRINT #1," H *:CLOSE
5500 RETURN ’
6000 FOR 1JKL=0 TO 1000:NEXT IJKL:RESUME

.
1 .

201



LOAD"B: DRFSA. BAS APPENDIX I-4
O

AN

NE OF BIE? OBK SH 638

DIGGING WHEEL DIAMETER? 8.4

LENSTH OF BWE LOAD BOOM? 14,35

MAXIMUM LIFT OF DIGGING WHEEL CENTRE? 13.3 ' L
THE:DISTANCE ') -1.1 .
ELEVATION OF LOAD BOOW PIVOT POINT? 8,15 *
WINIMUM SLOPE HEIGHT? 4 ' '
DISTANCE BETWEEN LATERAL CENTER LINE AND FRONT EDGE OF CRAWLER, IE. CL? 4.65

DIST‘NIET\EENCENTELI'ENRWNCEMWTSIDEEDE(FCRMER IE. CH"#S
S

L) Y(ll WANT TO PLOT THE DATA, (Y/N)? N

DO YOU WANT CALCULATIONS FOR ADVANCE AS A FUNCTION OF }EIEﬂ AND SLOPE ANBLE, (Y

M7 Y-

DO YOU WANT TO PLOT THE DATR, (Y/N)? N
Ok

ILIST 2RUN 3LDAD* ASAVE" SCONT 6,°LPTI TTRON BTROFFIKEY  @SCREEN

202



203
19 DIN TAH(9,40) ’ .
o PI=3.141593 '

39 [NPUT “NAME OF BWE" ;NAME1S

A9 INPUT "DIGEING WHEEL DIAMETER";D

58 INPUT "LENGTH OF BWE LOAD BOOM“;LB
64 INPUT "MAXIMUM LIFT OF DIGGING WHEEL CENTRE® ;HM

79 INPUT "THE DISTANCE '€'";E -
88 INPUT "ELEVATION OF LOAD BOON PIVOT POINT®;Y
98 INPUT *MINIMUM SLOPE HEIGHT*;HMIN '
108 INPUT "DISTANCE BETWEEN LATERAL CENTER LINE AND FRONT EDGE OF CRAMLER, IE. CL*;CL
110 INPUT *DISTANCE BETWEEN CENTRE LINE OF ADVANCE AND OUTSIDE EDGE OF CRAWLER, IE. CW*;CW
126 LPRINT "OVERALL MINIMUM FRONT SLOPE AS A FUNCTION OF HEIGHT AND ADVANCE FOR THE *;NAMELS
138 LPRINT * * , .
149 LPRINT *'A" 1S ADVANCE AND CALCULATED NUMBERS ARE FRONT SLOPE ANGLE"
150 LPRINT *NOTE: FOR DROPPING CUT*
160 LPRINT "HEIGHT A=t A2 A3 A=A A5  R6 AT A=B"
170 BTAD=(Y-(.54D)) /LB
180 BTDR=ATN(BTAD/SQR(1-BTADBTAD))
198 F1=L B4COS(BTDR)~E
200 F2=((F1°2)-(CW"2))~.5
210 F=1+(Fi-F2)
212 N=D )
215 HHTE=(HM-(D/2)) /. 1 :HT=HHTX4, |
(228 HHIN s
(230 HIAXL= (HM+(.28D)) /.5
. 235 HMAX=HMAXLE, §
249 13=1
. 242 1COUNT=(HMAX-HMIN) £2+1
24 Ji=1
246 J=1 ‘
250 IF H)HMAX GOTO 470
260 A=1
278 =2
280 H1=H+(D/2)
290 IF H1)HM THEN BTAH=(HM-Y) /LB .
308 IF (H1(=HM) AND (H1)Y) THEN BTAH=(H1-Y) /LB
318 IF (H1{=Y) AND (H1)=(D{2)) THEN BTAH={Y-H1)/LB
359 BTHR=ATN (BTAH/SQR (1 -BTAHBTAH))
355 IF AN THEN TAH(I, J)=0!
3% IF AIN 60TO 419
368 AR=(LB#COS (BTHR) -E) - (A+F+CL)
370 IF AA(=8! THEN TAH(I,])=90! ’ '
309 IF AA(=0' GOTO 410 ‘ °
399 IF HCHT THEN TAH(I, J)=RTN(H/AA) ELSE TRH(I,J)=ATN(HT/AR)
. 498 TRH(I, 1)=TAH(1,J) #1B8/PI
MO 1=141
420 Rl
439 IF A(9 BOTO 355
435 TAH(1, D =H _ ,
A0 LPRINT USING B M " TAH(L,J), TRH(R, 00, TRHI3, ), TAH(4, 1) TAH(S, J), TAHI6, J), TRH(T, J) , TRH(B, 1), TAH(S, I)
AS® HeH+.S
455 J=JH
468 50TO 250
A78 LPRINT * *



204

AB9 HHTX=(H-(D/2)1/. 1

485 HT=HHT®s, |

499 LPRINT "TERRACE CUT ABOVE BENCH HEIGHT OF *;HT

432 INPUT "DO YOU WANT TO PLOT THE DATA, (Y/N)*;1I$

494 IF 17$="Y" THEN 6G0SUB S00@

590 INPUT "DO YOU WANT CALCULATIONS FOR ADVANCE RS A FUNCTION OF |{IGHT AND SLOPE ANBLE, (Y/N)®;1$
518 IF Zs="N" GOTO 888

529 LPRINT * *

538 LPRINT *ADVANCE RS A FUM:TION OF HEIGHT AND FRONT SLDPE ANGLE FOR THE JNAMELS

540 LPRINT = *

558 LPRINT "*A' 15 ADVANCE @ FRONT SLOPE ANGLE®

560 LPRINT *NOTE: FOR DROPPIPG cure “

576 LPRINT "HEIGHT  A@38 ~ ARMd  PeSd  Recd e n'eaa Aeasg"
508 H=HMIN ‘
585 J=1

5% 12 .

608 TRH(L,J)=99!

618 =141 , :
628 IF 1(19 60TD 6@ A
638 IF H)H4AX 60TO 879 ’

" 6A F5A=30
658 1=2
660 FSAR=FSAEP1/168
678 Hi=H+(D/2)

608 IF HI)HM THEN arm-mn—kua
698 IF (HL(=HM) AND (H1)Y) THEN BTAH=(H1-Y)/LB

708 IF (H1(=Y) AND (H1)=HMIN) THEN BTAH=(Y-H1)/LB .

749 BTHR=ATN (BTAH/SOR(1-BTAHIBTAH) )

758 IF HIHT THEN AA=HT/TAN(FSAR) ELSE AR=H/TAN(FSAR)

768 BB=LB#COS(BTHR) -E e

779 TRHI=BB-AA-CL-F

788 IF TAHI (@' THEN TRHI=R!

785 IF TAHI)D THEN TAHI=D

T98 TAH(I, J)=TAHI

8O0 1=1+1

B1® FSA=FSA+1Q

828 IF FSA=98 THEN FSA=89

838 IF FSA(99 G0TO 668

BAQ LPRINT USING *##4. 0 *3TRH(L, 1), TRH(2, J), TAH(3, 1), TRH(4, 1), TAH(S, ), TRH(B, J), TAH(T, 00 , TAHLB, 1)

850 H=H+.5

BSS J=J#1

" 860 5010 638

865 YWAX=TAHI(8, 1)

870 LPRINT ® *

888 LPRINT *TERRACE CUT ABOVE BENCH HEIGHT OF sHT

882 INPUT "DO YOU WANT TO PLOT THE DATR, (Y/N)*;ll$

884 IF 12$="Y" THEN GOSUB 6008 '

899 END

5008 OPEN "COM2:2499,E, 7,2,C560000, DS60008° AS #1 )
5685 ON ERROR 60T0 5999 ” f
5918 HMAXL=INT (HMAX+.5) tHMINI=INT (HMIN-, 5)

5829 YFACT=1(1300/ (HMAX1-HMIN1) ) :XFACT=80/9

5830 PRINT #1,%;: A H * "INITIALIZE PLOTTER

843 PRINT #1,°U 0,8 D 2,0 0,2200 1700,2200 1760,0 9,0 *
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5050 PRINT #1,°U 309,208 D 300,280 300,2000 1500, 2000 (509,200 00,2080 *

5060 PRINT #1, "U 40,1949 S11+ MINIMUN OVERALL FRONT SLOPE ANGLE AS A FUNCTION OF HEIBHT _ *
5065 PRINT #1, "U 738,195 511+ FOR THE DROPPING CUT _ *

5870 PRINT 81, *U 750,1845 512 * NAMEL$ * _* . :

5088 FOR K= TO 99 STEP 1@

5090 X$=STRS (INT (KeXFACT+50@.5)) :YY$="A60" HMINS="450"

5108 IF K=9 THEN PRINT #1,° U “X$", "HUIN$

5110 PRINT 81, * D "X$*, "HNINS

512 PRINT &1, * D *X$*,°YY$ .

5138 PRINT #1, * D "X$*,"HMINS -

5148 NEXT K
5158 FOR k=@ TO 9@ STEP 18 s T
S168 X$=STRS ({INT (KEXFACT+46@.5) ) :XX$=5TRS (K) : Y$="428, 5" RN

5178 PRINT #1," U *X$°,°Y$" Si1+ *Xxs* _* : ‘

5188 NEXT K -

5198 PRINT #1, * U 500,45 *

5000 FOR K=HMIN1 TO HMAX1 STEP 1

5218 X$="580" :X1$="510" :Y$=GTRS (INT ((K-HKIN1) YFACT+450.5))

5229 PRINT 81, * D "X$*,"Y$

5239 PRINT #1, * D *Xi$",*Y$

SOAQ-PRINT #1, ° D “X$","Y$ ‘
5250 NEXT K

5268 FOR K=HMINI TO HWAX| STEP 1

5278 X$="A15":Y$=STRS (INT( (K-HMIN) YFACT+450.5) ) : YY$=GTRS (K)

5280 PRINT #1,°U "X$",°Y$

5299 PRINT #1,° St1+ *Yys* _*

5388 NEXT K

5318 PRINT #1,°U B88,388*:PRINT #1," Si1+ FRONT SLOPE ANGLE _ *

5329 PRINT #1,°U 350,989 :PRINT #1,* S41+ BENCH HEIGHT (M) _ * s
5330 PRINT #1,"EL* + /

5348 FOR 1=2 70 9 o

5350 IF 1=2 THEN PRINT #1,°L8."

S360 IF 1=3 THEN PRINT #1,°L1 *

5370 If I=h THEN PRINT #1,7L3 "

5380 {F 1=5 THEN PRINT #1,°L5 *

53% IF 1=6 THEN PRINT #1,°L7 * "
5490 IF 1=7 THEN PRINT #1,"L8 " _) /
5482 IF 1=8 THEN PRINT #1,°L9 * '

SA4 IF 1=9 THEN PRINT 41,°L: "

5418 FOR J=1 TO ICOUNT

5428 X$=STR$ (INT(TAH(I, J) #XFACT+508.5)) :Y$=STRS (INT((TRH(1, J) -HMINI) $YFACT+450.5))

5438 IF J=1 THEN PRINT #1,°U *X$,¥$" *

S44Q PRINT #1,°D ° X$°,°YVs® *

5450 NEXT J:NEXT 1

SASS PRINT #1,°L8 U 550,329 D 650,320 *

5456 PRINT #1,"L1 U 809,320 D 908,320 *

5457 PRINT #1,"L3 U 1858,328 D 1158,328 *

5458 PRINT #1,*L5 U 558,298 D 650,29 *

© 5459 PRINT #1,°L7 U 828,290 D 908,2% *

546 PRINT #1,"L8 U 1059,299.D 1158,298 *

SA61 PRINT #1,°L9 U 550,268 D 658,268 *

5470 PRINT 41,°L: U 84@,260 D 989, 260 "

SATS PRINT #1,°EL *

5476 PRINT #1,°L8 "
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5488 PRINT #1," U 408,29 Sii+ LEGEND * ‘
5499 PRINT #1,* U 678,329 51 A=l _ * |

5560 PRINT 81," U 58,320 Si1 A2 _ *

S51 PRINT #1," U 1178,320 Si1 A=3 _*

5529 PRINT #1,° U 670,299 511 A=A _ °

5530 PRINT #1,° U 920,29 Si1 A=5 _ °

5548 PRINT #1,° U 1178,298 Stl A=6 _ *

5542 PRINT #1,* U 670,260 Si1 A=7 _ *

SS44 PRINT #1,* U 928,260 511 A8 _ *

5552 PRINT #1,°U 550,230 S11 A=ADVANCE _ *

5568 PRINT #1,° H *:0L0SE

5570 RETURN '

5990 FOR 1JKL=9 TD 1800:NEXT 1JKL:RESUME

6000 OPEN "CONCT2489,E, 7,2, (560900, DSE0808* RS #]

6818 ON ERROR 60TQ

087 (HMAX1-HMINL) ) :XFACT=800/YY

£@58 PRINT #1,";: A H * " INITIALIZE PLOTTER

60868 PRINT #1,°U 9,0 D 8,0 9,2290 1709,2200 1709,0 9,0 *

6870 PRINT #1,"U 309,208 D 309,200 300,209 15082000 1508, 280 309,299 *

6880 PRINT #1, U 558, 1948 511+ MAXIMUM ADVANCE AS A FUNCTION OF HEIGHT _ * ,
6893 PRINT #1, °U 738, 1985 Si1+ FOR THE DROPPING CUT _ * s
- 6109 PRINT 81, "U 750, 1845 512 * NAKELS * _ * /

~ 6148 FOR K=9 TD YY STEP 1

6150 X$=STR$ (INT (KeXFACT+509,5)) :YY$="468" :HMIN$="450" ~~

6168 IF K=8 THEN PRINT #1,* U *X$*,"HNIN$

6178 PRINT 81, * D "X$°, "HMINS

6180 PRINT #1, * D "X$°,"YY$

6190 PRINT #1, * D "X$", "HMINS

6208 NEXT K

6218 FOR K=@ T0 YY STEP |

6220 X$=STRS$ (INT (KeXFACT+46d. 5)) :XX$=STRS (K) :Y$="429.5"

6238 PRINT #1," U "X$*,"Ys" Si1+ *Xys* _

6248 NEXT K .

6250 PRINT #1, * U 508,450 *

6268 FOR K=HMINL T0 HWAX! STEP 1§

6270 X$="508":X1$="518" :Y$=GTRS (INT( (K- mmnmcmse 5)

6289 PRINT #1, * D "X$*,"V$

_ 5299 PRINT #1, * D -xw "v$

6388 PRINT n, *D -xs-,-vs

6318 NEXT K

6328 FOR K=HMIN! TO HMAX! STEP | ~

6338 X$="415":Y$=5TRS (INT ((K-HNINI) #YFACT+450.5) ) : YY$=STR$ (K)

6340 PRINT #1,U "Xs*,"Y$ _

6350 PRINT B1," Si1+ "vys* *. 7 ,
6368 NEXT K !
6378 PRINT #1,"U 809, 380" :PRINT #1," S11+ ADVANCE () *

6388 PRINT #1,°U 350, 990" :PRINT n, SAl+ BENCH HEIGHT (0 _ ®

6398 PRINT #1,° EL "

6488 FOR 1=2 10 8

6418 IF 1=2 THEN PRINT #1,°L@ °

6429 IF [=3 THEN PRINT #1,"(2 *

6438 IF I=A THEN PRINT #1,°Ld °
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6AA0 IF 1=5 THEN PRINT #1,°L6 *

6450 IF 1=6 THEN PRINT #1,°L8 * | : /
6468 IF 1=7 THEN PRINT #1,°L9 "

6AT® IF 1=8 THEN PRINT #1,°L:.*

6480 FOR J=1 10 [COUNT

6A90 X$STRS (INTITAN(L, J) ¢XFACT+500,5) ) :Y$=STRS (INT((TAH(L, J) -HMIND) aYFACT+459, 5))
6508 IF J=1 THEN PRINT #1,"U *Xs,Ys* *

6510 IF TAH(I,J)=9' THEN PRINT 81, *U "Xs,V$* °*

6520 IF TAH(1,J)=4" GOTD 6548

6530 PRINT #1,°D * X$*,°v$* ° "~ ,
6548 NEXT I:NEXT 1

6545 PRINT #1,°L@ U 559,328 D 650,328 *

6546 PRINT 81,°L2 U 889,328 [ 900,320 =

6547 PRINT #1,"LA U 158,329 D 115,320 *

6548 PRINT #1,°L6 U 550,29 D 650,299 *

6549 PRINT #1,°L8 U 809,29 D 99,29 *

6550 PRINT #1,°L9 U 1850,290 D 1150,299 *

6568 PRINT #1,°L: U 550,268 D 650,260 *

6565 PRINT #1,"EL *

6566 PRINT #1,°L8 * i

6576 PRINT #1," U 400,290 Sil+ LEGEND

6580 PRINT #1,* U 679,329 S11 FSA=38 _ "

6590 PRINT #1," U 329,329 511 FSA=49 _ *

6609 PRINT 1, U 1178, 329 S11 FSA=50 _ *

6619 PRINT #1," U 679,299 511 FSA<68 _ °

6629 PRINT 81, U 929,299 511 FEA78 _ "

6638 PRINT #1," U 1178,299 S11 FSA=80 _°

6648 PRINT #1,° U 670,268 511 FSA=B9 '

6660 PRINT #1, *U 558,238 511 FSA=SIDE SLOV ANGLE _ *

6670 PRINT #1," H *:CL

6680 RETURN :

7080 FOR 1JKL=9 TO 190Q:NEXT 1JKL:RESUME



APPENDIX 1-5
LORD"B: MODELL. BAS
Ok
RN
NAME OF BHE? OUK SH 630
DIGGING WHEEL DIAMETER TO DUTSIDE OF BUCKETS? B.4
DIGGING WHEEL DIAMETER WITHIUT BUCKETS? 6.9
LENGTH OF BME LOAD BOON? 14, 35
WAXIMM LIFT OF DIGGING WHEEL CENTRE? 13.3
THE DISTANCE 'E'? -1, 1 '
ELEVATION ON LOAD BOON PIVOT. POINT? 8. 15

HAINIUM BENCH HEIGHT? & :
SAFETY DISTANCE REQUIRED BETMEEN SLOPE TOES AND CRAMLERS? |
VERTICAL WHEEL FREE ANGLE? 59
MAXIMM SLEW ANGLE ON SLOPE SIDE? 78
DO YOU WANT TO PLOT THE DATA, (Y/N)? N
. DO YOU WANT TO CHANGE THE MAXIMUM SLEW ANGLE ON THE SLOPE SIDE, (Y/N)? Y
MAXIMM SLEW ANGLE ON SLOPE SIDE? %
DO YOU WANT TO PLOT THE DATA, (V/N)? N
DO YOU WANT TO CHANGE THE MAXIMM SLEW ANGLE ON THE SLOPE SIDE, (Y/N)? N
DO YOU WANT TO CHANGE THE VERTICAL WHEEL FREE ANGLE, (Y/N)? N
Ok

ILIST 2RUN 3LOAD® ASAVE® SCONT b, °"LPT! TTRON BTROFFSKEY  @SCREEN

4

CJNSTANCE BETHEEN CENTRE LINE OF ADYANCE AND EDGE OF CROWLERS, IE. CN? 4,95

208
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18 DIM S5A(7,40)

20 Pl=3. 141593 ‘>
30 INPUT "NAME OF BME" (NAMELS -

08 INPUT *DIGGING WHEEL DIAMETER TO QUTSIDE OF BUCKETR™;D
A5 INAUT *DIGEING WHEEL DIRMETER WITHOUT BUCKETS®;DI
A7 AB=(D-D1)/2

58 INPUT “LENSTH OF BWE LOAD BOOM”;LB

68 INPUT *NAXIMM LIFT OF DIGEING WHEEL CENTRE® jHM
70 INUT "THE DISTANCE '€

89 INPUT "ELEVATION ON LOAD BOOM PIVOT POINT®;Y

30 INPUT "DISTANCE BETWEEN CENTRE LINE OF ADVANCE AND EDGE OF CRAMLERS, IE. CW*;CN
189 INPUT *NINIMUM BENCH HEIGHT®;HMIN

110 [NPUT °SAFETY DISTANCE REQUIRED BETWEEN SLOPE TOES AND CRAWLERS®;F
120 INPUT *VERTICAL WHEEL FREE ANGLE®;WFR

130 WFAR=WFR#P]/ 189

148 HAXL= (H (. 220)) /.5

150 HAX=HHRXXE, § :

168 BTAD=(Y-(D/2)) /\B <

170 BTDR=ATN(BTAD/SQR{1-BTAD*BTAD) )

188 MNSL=(CWF) / (LB#COS(BTDR) -€)

199 MNSLR=ATN(MNSL/5QR (1 -MNSLHMNGL) )

229 INPUT "MAXIMUM SLEW ANGLE ON SLOPE SIDE*;MXSL -
23 Ix=l:1=2

235 Ji=1:J=1

238 HTTi=(HM-(D/2))/. L:HT=HT T4, |

239 HS=HT+AB

24 SSA(], J)=4!
-2 [=1+]

269 IF [(=7 GOTO 248

279 MXSLR=MISL#P]/180

275 IF WXSLR{MNSLR GOTO 1165

200 LPRINT * *

€M LPRINT "RANGE OF SIDE SLOPE ANGLES AS A FUNCTION OF HEIGHT FOR THE *;NAKELS
389 LPRINT * *

310 LPRINT "NOTE: DROPPING CUT, MODEL C

329 LPRINT "MAXIMUN SLEW ANGLE 15" ;MISL

325 LPRINT *VERTICAL WHEEL FREE ANGLE IS *;VWFA

339 LPRINT "HEIGHT  MINSSR  MAXSSA®

349 H=HMIN

4 J=1

346 ICOUNT=(HMAX-HMIN) #2+]

350 IF HYHWAX 60TO 1895

368 IF H=9 60TD 1835

375 SSA(2, )=, 1:58A(3, 1) =. 1

389 HA=H+(D/2)

398 IF HAYHM THEN BTAH=(HM-Y)/LB

499 IF (HA(=HM) AND (HA)Y) THEN BTAH= (HA-Y) /LB

4198 IF (HA(=Y) AND (HA)=(D/2)) THEN BTAH=(Y-HR)/LB
415 BTHR=ATN (BTAH/SGR(1-BTAH4BTAH))

453 Pe=(LB#COS (BTHR) -E) 4SIN(MXSLR)

456 B=(LB#C0S (BTDR)-E) #SINTMNSLR)

439 SSAI=ATN(H/(R-B)) :IF HIHT THEN SSAI=ATN(HT/(A-B))
462 SSAJ=GSAI+188/PI :S5AJ=98-55AJ: 550J=55AI+P1/ 168
465 Hi=(D/2) #SIN(5SAT) :R1=(D/2) #COS (SSAJ)
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468 H2=(D/2) -AB-H1
A71 IF HU(HS+H2) GOTD 489 / (
ATA IF W)WM BOTO 1837
ATT RD=(((D/2)°2) - ( (HM-H) "2))~.5
480 =L B+C0S (BTHR) - +RD) #SIN(MISLR)
483 B=(LB+COS(BTDR) -E+R1) 1SIN(MNSLR)
486 SSAI=ATN(H/ (A-B))
489 BTAD1=(Y-(D/2)-RB)/LB: amymm(armx/som amm-amnm
432 LIAB=AB/TAN(SSAI)
435 SLAB1=(LB#COS(BTDR) -E) #SIN (MNSLR)
498 SLABR=(LB+COS (BTDRL) -£)
501 SLAB=(SLABIL1AB) /SLAB2:SLABR=ATN (SLAB/SAR (1-SLAB#SLAB) )
54 YB=(LB#COS (BTDRI) -E) #SIN(SLABR) -SLAB1
587 XB=(LB#{0S (BTDR) -E) #£0S (MNSLR) - (LB#C0S (BTDRL ) ~E) #C0S (SLABR)
519 XYB=((XB*2)+(YB"2))~.5
513 L2AB=AB/ TAN (VKFAR)
516 IF XYB(L2AB THEN SSA(2,J)=8! ELSE SSA(2,J)=SSAI#188/P1
518 IF XYB(L2AB THEN SSAI3,J)=4!
519 IF XYB(L2AB 6OTO 1850 '
550 BTHRI=BTHR:L2AB1=L2AB:N=H/AB: K¥=1:K=1:AB1 =AB: sﬁm-nxsuz :SLRT=MXSLR
568 HA<H+(D/2)- (ABI#K) :IF (ABI®K) )H THEN HA=H+(D/2)- (N#AB1)
IF (RBI#K))H THEN L2RB1={ (N-K+1) #AB1) /TAN (VWFRR)
IF HA)HM THEN BTAHR:= (HH-Y) /LB
IF (HA(=HM) AND (HA)Y) THEN BTAH2=(HA-Y) /LB
7 IF (HA(=Y) AND (HRY=(D/2)) THEN BTAH2=(Y-HA) /LB
568 BTHRO=ATN(BTAH2/SAR(1-BTAKREBTAHR) )
575 SL2A={LB+COS (BTHRI) -£) 1SIN(SL1R)
588 SL2B= (LB#COS (BTHR2) £)
585 SL2= (SL2R-L2AB1) /SL2B
598 SLAR=ATN(SL2/SOR(1-SL2#5L2))
608 SL3R=(SLIR4SL2R) /2
682 IF ABS(SLIR-SLRT) (9. 99999%-86 THEN LIAB=-1
604 IF ABS(SLIR-SLRT) (9. 9939%-86 BOTO 782
619 YR={LB#COS (BTHR1)-E) 4SIN(SLRT) - (LB+COS (BTHR2) -E) #5IN{SL3R)
628 L2ABR=YA/COS (SL3R)
648 IF ABS(L2ABR-L2AB!I) {=. 081 BOTO 708
650 IF L2AB2)L2AB! THEN SL2R=SL3R
668 IF L2AB2 (L2ABI THEN SLIR=SL3R
676 GOTO 580 “""
708 L1RB=(LB+COS(BTHR1)—E) +SIN(SLRT) - (LB#COS (BTHR2) -E) #5IN(SL3R)
782 IF L1AB(® THEN L1AB=8 ELSE GOTD 718 :
783 SLR=((LB#COS (BTHR1)-E) #SIN(SLRT) ) / (LB#C0S (BTHR2) -E)
704 IF SLR)1 THEN L1AB=(LB+COS(BTHRL)—£)#SIN(SLRT)- (Ls*cosmmnz)-ensnusmn
785 IF SLR)1 THEN SL3R=SLRT
706 IF SLR)1 6OTO 710
708 SL3R=ATN(SLR/SOR(1-SLR#SLR) )
718 L1=L1+L1AB:K=K+1 :BTHRI=BTHR2 :SL1R=SLIR:SLRT=5L3R
739 IF K(=N 5070 560
748 IF (K-N) (1' GOTO 560
768 SSAI=ATN(H/L1) :IF HYHT THEN SSAI=RTN(HT/L1)
765 SSAJ=SSAI#188/P1: 5SAJ=98-5SAT: SSAJ=SSAIEP1/ 180
770 H1=(D/2) #SIN(SSA) :R1=(D/2) +COS (SSAJ)
775 H2=(0/2)~AB-H1 :R2=R1-H2/ TRN(SSAT)
788 IF H{(HS+H2) 6OTO 0@



Lumen e,

798 RD={((D/2)*2)-( (H-H)*2))~.5

808 SSAI=ATN(H/ (L1+RD-R2))

99@ SSA(3,J)=SSAI+188/P1

1835 5SA(1, J=H . o

1836 600 1040 . co
1837 IF (J-1)=0 THEN B=1 ELSE.G=J-1 o

1838 55A(2, J)=55A(2, 6) :55A(3, J1 =55A(3, 6) B L
1039 5SA(1, )=H ' ,‘

1048 LPRINT USING "HH. M ";5SSA(1,]),55R(2, 1), 85A(3,J)

1845 6070 1068 ‘ ‘ o _

1850 LPRINT USING 'm u ';ssnu,-n,,ssma.n,ssq(s,n)

1068 H=H+.5 D

1865 J=J+1

1966 L1

1878 5010 358 ‘

1895 LPRINT * * ' f

1198 LPRINT "TERRACE CUT IS USED ABOVE A BENCH HEIGHT UF iHT

1182 INPUT *DO YOU WANT TO PLOT THE DATR, (Y/N)";1111$
1184 IF 1712$="Y" THEN GOSUB 5690 2

1110 INPUT "DO. YOU WANT T0 CHANGE THE HAXIMM SLEH ANGLE ON THE SLOPE S1DE, (Y/N)*;1$

1128 IF 1%2"Y" B0TO 229 |
1150 INUT D0 YOU WNT TO CHNGE THE VERTICAL WHEEL FREE ANGLE, (Y/N)*;111$

1164 IF 77I8="Y" GOTO 128
1164 60T 1178 ..

1165 PRINT *MAXINM SUEN W&E 15 LESS THAN THE HlNIlLﬁ SLEW QNGLE
1366 6070 1119 ‘ o :

5000 OPEN mamme,cssm,nsm a5 M
5085 ON ERROR G0TO 5989

S@10 HMAX1=INT (HMAX+, 5). :HNIN1=INT (HMIN- 5) - ‘

5815 IF HMINI (=B THEN HMIN1=9

519 PRINT #1, * U 509,450 *

5829 YFACT=(1308/ (HMAX1-HNINL) ) : XFACT=8/9
'5839 PRINT #1,%;: A H "V INITIALIZE PLOTTER

5349 PRINT #1,°U 8,0 D 0,0 09,2200 1709, 2200 1704,0 2,0 *

5050 PRINT B1,"U 389,200 D 309, 200 300, 2000 1509, 2000 1500, 289 309, 200 *
5063 PRINT #1, "U 408, 1949 511+ RANGE OF SIDE SLOPE ANGLES AS A FUNCTION OF HEIGHT _

863 PRINT #1, "U 568,1995 S11+ FOR THE DROPPIPG ot (HUIEL o_":
579 PRINT #1, "U 758, 1845 512 * NAME($ * '
872 MXSL$=STRS (MASL) : WFRS=STRS (WFR) :
5876 PRINT #1, U 359,1808 511 MAX SLEW ANGLE SLOPE SIDE " HXSU L

76 pﬂlNT #1, "U 859,168 Si1 VERTICAL WHEEL FFEE ANGLE * WFM Ut

5062 FOR K=4 TO 9 STEP 10

S0M X$=GTRS {INT (KXFACT+509.5) ): W&'#&"MIN‘- 450"
5100 IF K=9 THEN PRINT #1," U "X$", "HMINS
5118 PRINT #1, * D *Xs","HMINS ' » ‘

5120 PRINT #1, * D *X$*,*YY$ .

5138 PRINT 81, * D *xs", 'HHNS
o140 NEXT K
5150 FOR K=9 T0 98 STEP 18

5168 X$=STR$ (INT (KeXFACT+468.5)): XXS—-STR‘(K) $=" WS'
5179 PRINT #1,° U "Xs*,"Y$" SH+ XKy v
518 NEXT K

5208 FOR K=HMIN! TO HMAX] STEP | S - .



5218 X$=x"500":X1$="510": Y&STRi(INT((K-HINl)lYFRCTMSO. 3))
328 PRINT 81, * D "Xs*,"Ys

5238 PRINT 81, * D "Ki$*,"Y$ , | '

~ 5240 PRINT #1, * D "X$*,°Y$
5258 NEXT K.
. 5260 FOR K=HMIN1 TO HMAX1 STEP |

5279 X$=°415°: Y$=STRS { INT ( (K-HNIN1) #YFACT+4%0.5) ) s YY$=5TRS (K)
5280 pmrr,u,-u "$", Y8

5299 PRINT #15* S11+ "m- .

5308 NEXT K

5318 PRINT #1,"U B80@,380°:PRINT #1," S11+ SIDE SLOPE ANGLE _ "
5329 PRINT n,-u 350, 909" :PRINT B1," SAl+ BENCH HEIGHT m) .
5330 PRINT #," EL *

1

-3348 FOR Is2 T03 ‘

I4

541 FOR J=1 TO ICOUNT

5428 X$=GTRS (INT (SSAN], J) #XFACT+509. 5)) :Y$=GTRS { INT((SSA(1,J) -HMINI ) +YFACT+450,5))
5430 IF Js1 THEN PRINT M1,"U "Xs,¥s* *

5431 IF J-1=@ THEN 6=10ELSE 6=J-1 ,

5432 IF SSA(I,J)=8! THEN PRINT #1, "U "I1$,Ys" *

5434 IF SSA(1,])=@' 60TD 5450

5436 IF SSA(I,5)=8! AND SSA(I,J) ()@ THEN PRINT n, "UoUXs,ve" "

S4AQ PRINT #1,°D * X$°,"vs"

5450 NEXT J:NEXT I

S455 PRINT #),. " EL *

5456 PRINT #1, *U 358,288 511+ NOTE: A SIDE sups ANBLE OF 99 DEGREES CAN ALWAYS BE FORMED _
5568 PRINT #1," H ":CLOSE :

5579 RETURN

3998 FOR IJKL=0 TO 1009:NEXT IJKL RESL!E

212
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LORD" B: DRCUTY. BAS APPENDIX 1-6 | | )
m o

RN 7 , (
NAE OF BWE? Otk SH 639 '

DIGSING WHEEL D R T0 DUTSIDE OF BUCKETS? 8.4

'DIGEING WHEEL DI R WITHOUT BUCKETS? 6.9

LENGTH OF BNE LORD BOOM? 14.35

MAXINUM LIFT OF WHEEL BODM? 13.3

THE DISTANCE 'E'? -1,1 ,

ELEVATION OF LOAD BOOM PIVOT POINT? e 15

MINIMUM BENCH HEIGHT? 4

SAFETY DISTANCE REQUIRED BETWEEN SLOPE TOES AND CRAWLER? 1

DISTANCE BETWEEN CENTRE LINE OF ADVANCE AND EDGE OF CRAWLER, [E. (W? 4.95
MAXIMUM SLEW ANGLE ON PIT SIDE AT GROUND LEVEL? 38

MAXIMUM SLEW ANGLE OF TOP TERRACE ON SIDE SLOPE SIDE? 79

DO YOU WANT TO PLOT THE DATA, (Y/N)I N

DO YOU WANT TO CHANGE MAXIMUM SLEW ANGLES, (Y/N)? Y

MAXIMUM SLEN ANGLE ON PIT SIDE AT GROUND LEVEL? 39

MAKIMUM SLEW ANGLE OF TOP TERRACE ON SIDE SLOPE SIDE? 99

DO YOU WANT TO PLOT THE DATA, .(Y/N)? N

DO YOU WANT TO CHANGE MAXIMM SLEW ANGLES, (Y/N)? N
&

CILIST  2RN 3LOAD' ASRVE® SCONT 6, "LPT! 7TRON BTROFFIKEY . @SCREEN
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18 DIN W(B, 48)
29 Pl=3. 141593 :
30 INPUT *NAME OF BWE" ;NAMELS -
49 TNPUT *DIGSING WHEEL DIAMETER 1O OUTSIDE (F BUCKETS®;D
45 INPUT *DIGGING WHEEL DIAMETER WITHOUT BUCKETS”;D!
_ 58 INPUT "LENGTH OF BWE LOAD BOOM";LB
- 68 INPUT "MAXIMUN LIFT OF WHEEL BOOM";HM
70 INPUT "THE DISTANCE 'E'*;E
B8 INPUT "ELEVATION OF LOAD BOOM PIVAT POINT*;Y
9 INPUT "NINIMUM. BENCH HEIGHT* ;HMIN
168 INPUT "SAFETY DISTANCE REQUIRED BETMEEN SLOPE TOES AND CRAWLER™iF

118 INPUT "DISTANCE BETHEEN CENTRE LINE OF ADVANCE AND EDGE OF CRAMLER, IE. CH' o
iea Ix=1 :

130 Ab=(D-D1) /2 , ‘

168 INPUT "MAXIMUM SLEW ANGLE ON PIT SIDE AT GROUND LEVEL":PSSA
170 INPUT "MAXIMUM SLEW ANGLE OF TOP TERRACE ON SIDE SLOPE STDE" ;555A
180 BTAD=(Y-(.5+D)) /LB

198 BTDR=ATN (BTAD/SAR(1-BTADBTAD) )
200 MNSL={CW+F) / ( (LB-E) #COS(BTDR) )
21@ MNSLR=ATN (MNSL/SGR ( 1-MNSLEMNSL) )
229 PSSAR=PSSRHP1/180
238 555AR=SSSAPI/180
248 IF SSSAR(ANSLR GOTO 1278
250 BTAH={HM-Y)/LB
- 268 BTHR=ATN(BTAH/SQR (1-BTAHEBTAH) )

275 AR=(LBHCOS (BTHR) -E) #SIN(SSSAR)

280 BBB=(LB*C0S(BTDR) -E£) sSIN(MNSLR) -

29@ L1A=AA-BBB

308 LPRINT =

310 LPRINT *MAXIMUM WIDTH OF CUT AS A FINCTION OF HEIGHT AND SIDE SLOPE ANGLE FOR THE ";NAEIS
320 LPRINT * *~

330 LPRINT "NOTE: MAXIMM SLEW ANGLE ON SIDE SLOPE SIDE 15555
349 LPRINT "NOTE: MAXIMUM SLEW ANGLE ON PIT SIDE IS*: PSSR

358 LPRINT "NOTE: FOR DROPPING CUT

368 LPRINT *NOTE: 'W' IS THE CUT WIDTH @ THE SIDE SLOPE ANGLE®

378 LPRINT "HEIGHT W38 W84  WeS8  MEcd  We78  wesd Wea9"
390 HHMAXX= (HM+ (, 24D)) /.5 :

408 HMAX=HHMAX1E, 5 .

405 ICOUNT= (HMAX-HMIN) #2+1 , ‘ v
406 HHTL=(HM-(D/2)) /. 1 : '
487 HT=HHTx®, 1 . .
408 HS=HTHB R

410 H=HMIN : g

415 Ji=1:J=1

428 1=2

430 W(1,J)=99!

44@ =1+t
458 IF 1(9 GOTO 430

468 IF H)HMAX BOTO 1151

478 1=2
489 §5=39
485 S51=99-S§
498 SSR=55+P1/180

431 SSIR=SS1+P1/180

‘



&

49 IF HHM 6OTO 1065 _
580 L1=H/TAN(SSR) :
510 IF LOLIA 6070 1068 : o
512 R1=(D/2) #C0S (SSIR) :

514- He= (D/2) -AB-(D/2) 4G IN (SSIR)

516 RI=H2/TAN(SSR)

528 HizHe (D/2)

S8 IF H1JHM THEN BTAH=(HA-Y) /LB

S48 IF (Hi(=HM) AND (HL)Y) THEN BTAH=(H1-Y) /LB

550 IF (H1(=Y) AND (H1)=(D/2)) THEN BTAH=(Y-H1)/LB

5% BTHR=ATN (BTAH/SQR(1-BTAHIBTAR))

608 IF H(=HS THEN RD=R1-R3 ,

610 IF HYHS AND Hi(=(HG+H2) THEN RD=R1-( (H2- (H-HS) )/ TANISSR))-
28 IF Hy=(HS+H2) AND H{=HM THEN RD=( ((D/2)*2)-( (H-H)*2))*.5
1010 R=(LB4COS(BTHR) -E+RD) #SIN (SSGAR)

1920 B=(LB+CCS (BTDR).-E) #SIN(PSSAR)

1838 WI=A+B-L1 -

1048 IF WI(8! 6OTO 1068 ELSE GOTO 106!

1068 WI=8!

1061 WL, J)=HI

1063 6070 1089

1365 IF (J-1)=8 THEN B=1 ELSE 6=J-1

1078 W(I,J)=H(, )

1000 1=1+]

© 1099 55=55+1@

1180 IF $5=99 THEN 55=89

1118 IF S5(99 60T 485

115 W(L, J)=H ' S ,
{120 LRINT USING "$44. 8 *;N(1, 1), W(2, 1), W(3,J),Wi4,J) WIS, 1), Wi6,J), Wi7,J),W(B,))
1125 J=J+1

1130 K=t S

1133 60TO 468

1151 @=8

1153 YMAX=N(D, 1)

1155 IF YWAK=8 THEN @=Q-1 ELSE 60TO 1168

1157 8070 1153

1189 LPRINT * *

1198 LPRINT *TERRACE CUT IS USED ABOVE BENCH HEIGHT OF *;HT
1192 INPUT DO YOU WANT TO PLOT THE DATA, (Y/N)*;I1Z18

1194 IF “7121$="Y" THEN G0SUB 5009 '
1268 INPUT "DO YOU WANT TO CHANGE MAXIMUM SLEW ANGLES, (Y/N)*;l$
1210 IF 1$="¥* GOTO 168

1268 60T0 129

1279 PRINT "SLEW ANGLE IS LESS THAN THE MINIMUM ANGLE"

1268 50TU 1209

1290 END -

5000 OPEN *COM2:2409,E, 7,2, cssem DS69008" AS #1

5085 ON ERROR 6070 6009 o

5810 HNAX!=INT (HMAX+. 5) :HMIN1=INT (HMIN-, 5) L
5012 YY=CINT(YMAX+.5) :YYY=INT(BEB+B)

SO17.IF YY/2 ) ( INT(YY/2) THEN YY=YY+1

5018 IF YYY/2 ) ( INT(YYY/2) THEN YYY=YYY-]

3820 YFACT=(1200/ (HMAX1-HMIN1) ) :XFACT=B88/ (YY-YYY)

5940 PRINT #1,";: A H " 'INITIALIZE PLOTTER ~ , l’_\\

9

215



216,

5058 PRINT #1,7U 0,0 D 9,0 9,2209 1708, 2208 1704,0 0,0 ° - _ : \
5855 PRINT #1,"U 309,200 D 309,200 309,2000 1500,2000 1509,280 309,200 *
- 5060 PRINT #1, *U 560,1968 S11+ WIDTH OF CUT AS A FINCTION OF BENCH HEIGHT _*
5065 PRINT #1, U 68,1925 511+ FOR THE DROPPING CUT _ * .
5078 PRINT #1, "U 750, 1875 512 * 'NAMELS * _ ‘
5072 MYSL$=STRS (SS5A) : PSSRS=STRS (PSSA)
5877 PRINT #1, *U 508,1815 S11 MAX SLEW AMGLE SLOPE SIDE " WXSL$ * _*

5078 PRINT 81, *U 958,1815 511 MAX SLEW ANGLE PIT SIDE * Pssas * _
5080 FOR K=@ TO (YY-YYY) STEP 2

5180 X$=STRS ( INT (K#XFACT+500.5)) 1 YY$="460" s HNIN$=" 450"

5110 IF .K=@ THEN PRINT #1,* U "X$*°, “HMINS 'Y
S128. PRINT #1, * D "X$","HNINS :

5149 PRINT #1, * D "X$","VY$

S160 PRINT 81, * D "I$", "HMINS

5178 NEXT K

5188 FOR k=8 TO (YY-YYY) STEP 2

5185 X$=STRS (INT(KHXFACT+460.5)) s X1$=STRS (K+YYY) :Y$="429,5" °

S190 PRINT #1," U *X$°,"Y$* S11+ "Xx¢* _*

5195 NEXT K

5200 PRINT #1, * U 500,45 *

5220 FOR K=HMINI TO HMAX{ STEP { :

5240 X$="508" :X1$="510" :Y$=5TRS (INT( (K-HMINL)#YFACT+454. 5))

- 5260 PRINT #1, * D *X$°,"Ys

S280 PRINT #1, * D "Xi$",°Y$

5300 PRINT #1, * D "I$","Y$ , ’
5320 NEXT K ‘
5338 FOR K=HMINL TO<HMAX{ STEP | )
5332 X$="415" s Y$=GTRS (INT( (K-HMINI) $YFACT+450.5) )1 YY$=STR$(K) o
5334 PRINT #1,°U *X$*,"Y$

5336 PRINT #1," Sii+¢ *Yys* *

‘5338 NEXT K

5349 PRINT #1,°U 889, 388°:PRINT 41," SI1+ WIDTH OF ot m _ "
5350 PRINT #1,°U 350, 900° :PRINT #1," Sél+ SLOPE HEIGHT (M) _ *

5355 PRINT #1," EL *

5368 FOR =2 TO 8

5365 IF 1=2 THEN PRINT #1,"L0 *

5366 IF 1=3 THEN PRINT #1,"L2 *

5367 IF I=4 THEN PRINT #1,°L4 " , /

5368 IF 1=5 THEN PRINT #1,"L6 *

5369 IF 1=6 THEN PRINT #1,°L8 *

5378 IF I=7 THEN PRINT #1,"L9 *

5375 IF 1=8 THEN.PRINT #1,"L: *

5380 FOR J=1 ) ICOUNT

540 X$=TRS (INT(W(1, J) #XFACT+500, 5~ (XFACTHYYY) })

5418 Y$=STRS (INT( (W(1,J)-HMINL) $YFACT+A54, 5)) L4
5415 IF J-1=8 THEN B=1 ELSE 6=J-1 ’

5428 IF J={ THEN PRINT #1,°U *Xs,ys* *

5423 IF W(I,J)=8' THEN PRINT #1, *U “Is,Y$* *

5426 IF W(I,J)=9! GOTO 5460 '
5440 IF W(I,6)=8 THEN PRINT #1,"U * X$*,*Y$* * ELSE PRINT #1,°D * X$*,*Y$"* °*
S46H NEXT J:NEXT: [ ‘

. 5461 PRINT #1,°L® U 550,320 D 658,320 *

5462 PRINT #1,°L2 U 8@, 320 D 900,329 *

5463 PRINT #1,°L4 U 195@,328 D 1150,309 *

»
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5464 PRINT #1,°L6 U 550,299 D 656,290 *
5465 PRINT #1,°L8 U 509,299 D 990,294 *
5466 PRINT #1,"L9 U 1856,29@ D 1158,299 *

5479 PRINT #1,"L: U 550,268 D 650,264 *
SATS PRINT #1, "EL *

5476 PRINT #1,°L0 * '
S480 PRINT #1," U 480,299 Sil+ LEGEND _°
5488 PRINT #1," U 670,328 S11 SSA=30 _°
5489 PRINT #1," U 920,328 511 SSge@ _ *
549 PRINT #1,° U 1179,329 Si1 SGA=58 *
5491 PRINT #1," U 679,29 511 SS=60 "

5492 PRINT #1," U 920,290 Sl 5578 _ *
5493 PRINT #1,* U 1178, 290 S11 SSA<B _ °
5494 PRINT #1," U 679,260 S11 SSA=89 *

5497 PRINT #1, *U 550,230 Si1 SSA=SIDE SLOPE ANGLE _*
5499 PRINT #1,* H *:CLOSE .
5580 RETURN : :

6080 FOR 1JKL=0 TO{0O8:NEXT IJKL: RESUME
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APPENDIX IT-1 ‘

MINIMUM OVERALL FRONT SL[PE RS A FIMZTICN OF HEIGHT AND ADVANCE OF TERRACE FOR
THE DK SH 638

'A' IS ADVANCE AND CALCULATED MUMBERS ARE FRONT SLWE ANGLE
NOTE: FOR TERRACE CUT

HEIBHT A=l A2 R=3  Asd =5 g et A=8
30 265 313 383 493 6.9 1147 2.8
6.0l 691 813 986 1253 17.18 265 5369
338 1897 12.84 1545 19.34  25.68 334 615
13,81 14.85 17.27 20.68 25.41 32.84 45.18 6633
16.32" 18.55 21,44 2535 382 .85 510 69.59
19.51 22.97 2537 2972 B/6A AL 5.7 To.49
8.5 .M 2987 376 39.9 403 59.69 .16
6.5 2867 .56 3151 4389 S2.18 62.83 75.%
28,42 3L76 3587 AL®® ALA5 S5.5B 65.64 71.58
.20 372 39.81 .26 SO.72 S58.64 G68.14 7908
3.9 1358 4208 AL SL74 6LA2 70.48 80.59
36.52 40.33 4485 5021 56.55 63.98 72.48 81.84
39,83 4299 4758 529  §9.19 66.35, 74.42 8315
M.58 4557 5629 5555 6168 60.60 76.24 84 4l
4.8 40.08 5273 54844 6B LTI 77.98  BS.66
i6.41  50.52 55,18 60.43 66.29 72.73 79.65 86.88
M.76 5291 S1.56 6274 68.46 74.67 B1.26 84,18
.88 S5.24  59.87 6498 78.5 76.54 82.83 89,3
3.5 "53.85 SL19 6L76 66,75 7215 T77.89 83.89 9.8
[4.80 5448 56.54 6299 67.82 701 78.49 8429 9. 08
.58 55,82 59.80 6413 68.80 7379 T9.84 8448 %.00
5.9 57.07 68.97 65.18 6970 74.50 79.53 84.74 98,80

N g -

YTILETLILILBLR

—

—
[ - "WV - BV B - . i - R )
- e & e .

Il
2LIIL

FOR HEIGHT LESS THAN 4.5 THERE IS NO LIMIT ON THE ADVANCE
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MAXIMUM ADVANCE AS A FUNCTION OF HE[GHT AND FRONT SLOPE ANGLE FOR THE
0K SH 630

"A' 1S ADVANCE @ FRONT SLOPE ANGLE
NOTE: FOR TERRACE CUT

HEIGHT B30 AGAD MBSO AGGP - AETE  Aess  neg
A58 7.%  8.12  B.23 8.31 8.37  8.43 B.A7

5.0 7.2 7.65 7.93 814 831 8.46 8.9

5.0 6.45 7.15 7.6 7.95 8.23 B8.47 .B.68 .

6.8 5.67 6.64 7.28 .75 B.13 8.7 8.7

6.58 487 611 693 7.5 8.8 8.45 B.82

7.0 4% 5.5 6.5 1.9 71.89 8.4l 8.8

7.58 3.2 5% 617 7.3 .74 835 8.88

8.0 . 2.37 A4 576 676 1.57 8.28 8.88

8.5 1.5 3.8 534 64 1.3 8.19 8.87 ‘
9.8 8.61 3.2 49 615 7.18 B.88 .84 .
9.8 2.9 2.57 A.M 583 6% 1.95 8.79 ' '
0.00 ‘2.8 1.2 3.9 S48 672 7.81 8.73

8.5 0.8 1.25 347 512 6.4 1.65 B.65

11,00  9.08 8.5 2.9% 474 6,19 T.47 8.5%

11,50 0.90 9.8 2.43 434 59 7.27 8.43

1200 o.% 8.8 1.88 3% 559 71.85 4&.29

2.5 0.9 8. 1.31 348 525 6.81 B.13

13.00  0.29 9.00 8.72 383 4N 65 1.9

“13.50 .00 0.0 9.19 263 A6l 636 7.83

14,09  0.00 0.9 0.00 2.3% 443 627 1.8

1450 9.0 0.0 .00 285 425 618 7.8

1598, 0.0 0.0 ‘0.9 .76 4% 689 7.8

FOR HEIGHT LESS THEN 4.5 THERE IS NO LINIT TO ADVANCE

-
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BENCH HEIGHT

MINIMUM OVERALL FRONT SLOPE ANGLE AS A FUNCTION OF HEIGHT

FOR THE TERRACE CUT

0&K SH 630

1

————— A=l

. LEGEND e R=4

- ——e R=7 .

R=ADVANCE

30- 48 58 68 78 80
FRONT "SLOPE ANGLE

A=2

------- R=3
— o o = A=S e o A=6
- - R=8




(M)

BENCH HEIGHT

15

147

13 L

12 L

114

10 L

MRXIMUM RDVANCE AS A FUNCTION OF HEIGHT
FOR THE TERRACE Cur

0&K SH 630

-
-

-
._

LEGEND

1 2 3 4 5 6 7 8
ADVANCE (M)
—— FSA=30 L a... FSA=48 . . . _. FSR=50
~— e FSA=BB  ______ FSA=78  ________ FSR=688
~ « FSA=89

FSA=SIDE SLOPE ANGLE
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APPENDIX I1-2
NINIMM OVERALL SIDE SLOPE ANGLE RS R FUNCTION OF HE[GHT FOR THE 08K SH 639

NOTE: MINIMUM SLEW ANGLE IS 34

SL IS THE MAXIMUM SLEW ANGLE ON THE SLOPE SIDE
NOTE: FOR TERRACE CUT

HEIGHT ~ SL=90  SL=88 SL=70 SL=6 SL=50  SL=40
4,50 2253 23.89 2491 28.53 35.27 438
5.00 2458 25.89 27.82 3881 376  50.B1
5.50 26,41 27.83 29.85 3298 M.99  sief
6.80  28.27 28,91  31.81  35.07 42.28  55.83
6.58 3007 3074 3.9 37.87 M35 5.88
7.0 3184 32,51 W75 389 4631 58.61
750 3356 .27 36.54  A.BA 41T 6022
8.0 3525 3598 38.29 4264 A9.9% 6174
.56 3691 37.65 A0.8  M.39  51.67 63.17
9,80 38,55 39.38 4167  46.98 53.32 6454
9.50 . 416  48.92 A3 AL74 5491  65.85

10.98 4176 42.52 44,93  49.36  56.45  67.10
10.50 4334 A1l 46,53 5894  S1.95 | 68.31
11,00 44,91 45.68 AR, 11 52,50  59.48  69.48
11,50 46,47 47.25  49.67 S54.04 68,83 T.62
12,60  48.83  48.89 S51.22 555 6.2 .7
12.50 49,58 50.36 576 51.85 G680 ‘72.81
1380  5l.14 5191 SA.3® 58.53 6495  73.87
13.50 .52.07 5284 5522 594 65.75  TASM
14,08 5287 S2.84 5522 59.42 65,75 TA.St
14,58 52.87  S2.84 55,22 59.42  65.75  74.51
15,08 52,87 S2.84  55.22 59.42  65.75  TA.51
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- .
{

(M)

. BENCH HEIGHT

MINIMUM OVERALL SIOE SLOPE ANGLE AS A FUNCTION OF NEIGHT

FOR THE TERRACE CUT’

.

o
0&K SH 630 4
H;NIHUHVSLEV ANGLE 1S 34
15
1
| |
4 ; !
14 L
|
I . )
3 y :
13| ]
v
'0
12 'l
/!
11 L ! :
/'/ U
19 |
9 L
8 L
7 L
6 L
5 L
4 L )
¥
3\ L 1 1 1 1 1 1 1 —
4] 10 20 38 408 S8 60 78 88 99
SIDE SLOPE ANGLE
prreema HXSL=CGE s mee MXSL=80 e pomae pree sme MXSL=78
LEGEND w w om = MXSLeEB  wesm——mme= MXSL=SB o w o MXSLe48

MXSL=MRXIMUM SLEW ANGLE

224
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APPENDIX IT-3
WIDTH OF CUT AS A FUNCTION OF HEIGHT AND SIDE SLOPE ANGLE FOR THE OZK SH 638

NOTE: MXIMM SLEW ANGLE FOR THE TOP TERRACE ON SIDE SLOPE SIDE 15 79 a
NOTE: MAXIMM SLEW ANGLE ON THE OPEN SIDE IS 38 3

- 'W' IS THE CUT WIDTH @ THE SIDE SLOPE ANGLE FOR THE TERRACE CUT .
NINIMM SLEW IS | , ‘

TERRACE CuT

HEIS W38 WeAd  WESe  Wece  weTe _
A.Nsl\;g. e8.11 2169 22.87 2383 24.68
5.0 A6.%. 1963 21.39 22.78 23,76 24.79
5.8 1615 19.13 2187 2.5t 23,68 aT1
6.0 0.0 18.51 2073 22,30 2358 2478
6.5 0.8 18.88 20.37 22,87 21,46  24.68
7.8 0.8 17.53 20.88 21.83 ' 23.32  24.6A
1% e.®  16% 19.61 21,57 2L17 24.58
8.8 9.8 16.33 1920 21,29 2108 2.0 5.7
8.5 9.9 15.78 18.78 21,80 22,82 A4l 25.76
9.8 - 8. 8.8 1834 20.69 22,61 2.3 25.73
9.5 0.08- 0.88 17.88 20,37 22,48 2418 ' 25.69

1088 0.8 - 8.8 1741 20,83 22.16 24,04 - 25.63
5% o.00 0.8 169 19.67 21.91 23.88 25.55
1.0 800 9.0 1641  19.29° .21.64 ~ 23,70 25.45 '
1.5 600 0.8 1589 18,9 21,35 23.51 5.4 -
2. 0.0 0.00  0.00 1849 21,85 233 5.2
125 8.0 0.08 - 9.0 1806 . 20.73 2307 25.%

1308 0.5 000 0.8 1761 20.39 22.83 2.8

133 e 0.0 8.00  17.22 28,18 22.63  24.78
149  0.00 0.0 0.0 . 1693 1% 2.5 24.77
1450 .00 0.00  0.08 16,64 19,74  22.46  24.76
158 0.08 ' 0.8 0.8 1635 19.5 .31 . .75 : q\

:
.

DD DB DY
JA2FREES
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NOTE: MAXIMM SLEW ANGLE FOR THE TOP TERRACE ON SIDE SLOPE SIDE IS &4
NOTE: MAXIMUM SLEW ANGLE ON THE OPEN SIDE IS 38

W' IS THE CUT WIDTH @ THE SIDE SLOPE ANGLE FOR THE TERRACE CUT |
NINIMM SLEW MELE IS 34 . - o

TERRACE CUT ° :
HEIGHT = WA30  We4d w50 NeGS - WeTR wegse  wesy

b

A0 1850 20.97 22.56 23.7ThA 2478 25,54 26.26
.8 17,79 8. 22.26 23.57 24,63 25.97 26.37
.8 17.83 20.8 21,94 23.38 2435 25.99 26.46
6.9  16.23 .49 21,61 23.18 2446  25.58 2604

19

6.3 9. 18.% 21.25 2295 AW 255 .59
708 0.0 18,41 20.88 2271 . 2%.21 25.50 . 26.63
7.9 0.8 17.85 ,20.49 2245 249  25.46  26.65
B0 .M 17.26 20.89 - 22.18 23.89 25.39  26.66
8.5 8. 16.67 19.66 21.83 23.78  25.30  26.65
9.0 8. 1685 1922 21,58 23.50 25.19  26.82
9.50 8.0 6.0 1877/ 21.25 23.28 5.8 26.%
0.0 9.8 8.0 1829 20.91 23.84 24.%R  26.5
8.5 0.0 - 0.9 17.80 2.5 22.19 A% 26.43
1.0 0.8 0.8 17.29 20.17 2251 2058 26.33
1.5 0.8 0.8 1676  19.77 22.22 43 6.2
2.0 9.8 0.9 1621 19.35 2191 2017 26.97
2.5 @00 900  0.90 16.%2 2158 23.93 25.%
1200 0.0 800  08.80 18.46 2124 23.68 25.7h
1350 0.9 0.8  0.08 10.86 20.94 23.48 25.62 -
148 0.9 0.08 808 17.77 28.76 23.39 25.61
1459 6,00 0.0  0.08 17.49 20.58 . 23.3  25.60
1500 2.00 Q.00  8.08 17.28 28.48  23.21 25.60
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WIDTH OF CUT RS R FUNCTEEN OF BENCH HEIGHT
FOR THE TERRACE CUT

0&K SH 630
34

MAX SLEV ANGLE SLOPE SIDE 78
15 : . '
: \

MINIMUM SLEV RNGLE IS

MAX SLEW ANGLE PIT SIDE 3@

\ 1
\‘ i ]
. \ \ )
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48
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' WIDTH OF CUT (M)
- ;}A N *
Y S 8SA38. eeceol. SSA=40 0 o e . om SSA=S5E
LEGEND o e 5SA=68 . eeemmwm= SSA=78 e SSA=87
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e SSA=SIDE  SLOPE-ANGLE ’
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WIDTH OF CUT AS A FUNETION OF BENCH HEIGHT
FOR THE TERRRCE CUT

0&K SH 630
MINIMUM SLEV F‘NGLEV [S 34 MAX SLEV ANGLE SLOPE SIDE 94 MAX SLEW ANGLE PIT SIiDE 38
15r \ . I
' i
\ \
: |
[}
14t A \ \
. l‘ 1
\ \ \
o \
131 \ \

-
N

-
-

\ %
12 ,\,-

t
\ \
"" ' \ \\ » ‘\
z \‘ \ “ t
e \ \ \
pa Y \ \ \
2 \ \ \,
. le:J \ .\\ \ ;‘l‘ ‘
I 8 L ‘\ N \ \ .
U v ‘
<z \\ \ . \ )
B 3 U U T
[N ]
Tr \ U W
. t ]
SRR R U O
[N Kol ]
6 L \‘ \\ \ ll I .
[y ' t - [
~ U S A
5 | " o) |-
\\‘ ? \ : ]
. . \ | I S
3 a4 1 1 1 4 1 '
14 16 18 20 22 24 26 28
f WIDTH OF CUT (M)
55A=30 V camewa=- SSR=40 - o e ae 93SA=58
LEGEND . . S5A=6@ ° omemeee SSA=20 ce———ee’ 55A=50
, . - . S5R=B9
SSA=SIDE SLOPE ANGLE
y -
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. APPENDIX IT-l

OVERALL MINIMUM FRONT SLOPE AS A FUNCTION OF HEIGHT AND ADVANCE FOR THE
04K SH 639 '

TA' IS ADVANCE AND CALCULATED NUMBERS ARE FRONT SLOPE ANGLE

NOTE: FOR DROPPING CUT

HEIGHT  f=t 2 A3 P4 RS B=6 AT A8
L® 26,70 29.91 3398 38.92 A5.3 5.5 63.97 76.59
450 2983 3295 313 423 *§%77 56.82 66,65 78.17
5.00 32,28 35,87 40.21 45,49 81,94 59.76  69.84 79.63
5.5 34.95 38,68 4314 48,48 54,87 62.45 T71.23 AL
6.8 37,55 41.40 45,9 S51.3® S.6! 6493 73.25 82.35

6,50 49,88 M4.82° 43,63 53,99 68.18 67.25 T75.14 A3.63
7.8 .55 #4657 51,21 56.54  62.62 6£9.44 76,93 B4.89
7.50 M,97 49,85 53.71 58.99 6494 .51 78,64  B6.12
8.88 47.35 5147 56.13 61.35 61.16 73.50° BO.28 47.35
8.50 49.68 53.84 5B8.48 63.63 69.29 T75.41 81,88 88.%
9.8 5198 5615 68.77 65.85 7.3 TI.o6 83.M  89.T7
9.50 52.M4 56.61 .61.23 66.28 TI.TT TI.62 683.74 90.M
1088 52.44 56,61 61,23 66.28 71.77 TI.62 683,74 90.0Q
18.58 52.44 56.61 61.23 66.28 TI.TT \T7.62 B3.74 90.08
1.8 52.44  56.61 61.23 66.28 T7L.T7 T.ek B83.T4 99,00
11,58 S2.44 956.61 61.23 66.28 T1.77 TI.6R2 83.74 99.088
12.88 5.4 06,61 61,23 6628 TL.TT TI.62 8374 N.NW
12,50  52.44 56.61 61.23 66.28 ; 7171 T1.62 83.74 90.90
1380 32.44  D56.61 61.23 66,28 T71.77 TI.62 B3.7TA 9.0
13.58 - 52.44 ° 56.61 61.23 66.28 TL.77T TI.62 BI.TA N
14,00 52,44 56.61 61.23 66,28 TL.T7T T2 B83THA N.M
14,5  52.44 56,61 61.23 66.28 TL.77 TI.62 B3.TA .08
15,8 32,44 56.61 61.23 66,28 70.T7 TI.62 B3.7h 90.00

TERRACE CUT ABOVE BENCH HEIGHT OF 9. 109901
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hege  nea9
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ADVANCE AS A FUNCTION OF HEIGHT AND FRONT SLOPE ANGLE FOR THE OMK SH 639

"A' IS ADVANCE @ FRONT SLOPE ANGLE

NOTE: FOR DROPPING CUT
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TERRACE CUT ABOVE BENCH HEIGHT OF 9. 18099t



231

MINIMUM OVERALL FRONT SLOPE ANGLE AS A FUNCTION OF HEIGHT

FOR THE DROPPING CUT

0&K SH 630

Y

15 -

14 |

13 |

12 |

11

18 ¢

(W) LHOTIH HON3E

20 48 50 68 78 88 92
- FRONT SLOPE RNGLE

18

reessrovesees BE2

K G

RA=3
6

—————e A

=5

=1
=4

o e e e A

LEGEND

« A=B

A=7

- e o o

ADVANCE

R=




(M)

BENCH HEIGHT

15
14
13
12
11

18

LEGEND | e FSR=68

- s B s G e B e B e B s e D e D e @ s W am

" MAXIMUM ADVANCE AS A FUNCTION OF HEIGHT

FOR THE DROPPING-CUT
0&K SH 6308

- e e s S S Y S P Tty Sy o S S G G (o S S St S S G Sy

"___....-—-___..._-..._-__..—_-_-..—..-_-_-

ROVANCE (M)

- = e o FSA=50
e FSA=68

. FSA=30 eemaneas FSA=40
mmmemw FSA=78 -
"~ . FSh=89 v

FSR=SIDE SLOPE ANGLE
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APPENDIX T1-5
RANGE OF SIDE SLOPE ANGLES AS A FUNCTION OF HEIGHT FOR THE D&K SH 639

NOTE: DROPPING CUT, MODEL C
MAXIMUM SLEN ANGLE IS 79
VERTICAL WHEEL FREE ANGLE IS5 59
HEIBHT  MINSSA  MAXSSA
LW B TI.M
LS8 1. Th T6.%
5.0 3.37 75.49
S5 R.H T 89
.08  35.44 74,28
6.4 37.83 73.97
1.8 .28 72,95
.50 42,62 72,24
8.0 4,93 71.%
8.59 A7.20 7e.88
.00 43.43  70.17
.50  49.87  69.22
18,08 49.87  68.21
1.50  49.87 67,47
1.0 48,62  66.11
.50 49,12 65.%
128 49.80 . £5.59

1250 58.62  65.%
13.00 51,55 4.7
13,9 51.55 6470
1408 51,55 ¢A.70
1450 5155 6470
15,08 51,55 6479

TERRACE CUT 1S USED ABOVE A BENCH HEIGHT OF 9. 100081
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RR!GE(FSIIISL(PEM!_ESRSRFU{ZTI(N(F}EIGWFDRT}EOIKSH&N

Non-f omwms CUT, MODEL C
mx“x SLEW w 1S 9
VERTICAL WHEEL FREE ANGLE IS 59
4 HEmh NINSSA  MAXSSA
L0 2283 s
050 2537  8e.53 !
5.00  27.85  83.27
5.9 3029 84.%
5.00 32.68 84,32 .
6.9 3583  a1.% ,
.8 3.3 7972
7.5 39.66  77.99
8.0 4199 76,76
B0 AA 1A 75,58
9.0  46.36  TAAS
9.5 46,88 73.83
10.90  46.88  73.69
8.0 4513  73.29 _
11.00 4543 72.84 . '
1.5 4597  72.39 .
12.00 46,68  72.87
1299 4153 T2.M
13.00 48,48 T72.18
135 48,48 72.18 ;
14,08  A8.48 72,18
14,50 48,48 72,18 :
15,08 A8.48  T2.18 : -

-

TERRACE CUT 1S USED ABOVE A BENCH HEIGHT OF 9. 1009091

5
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RANGE OF SIDE SLOPE ANGLES RS A FUNCTION OF HEIGHT
FOR THE DROPPING CUT (MODEL C)

0&K SH 630

MAX SLEV ANGLE SLOPE SIDE 78 VERTICAL WHEEL FREE ANGLE 59

15 _

14 L

13 ¢

12

184

(M)

ke

BENCH HEIGHT

1 1 .|

U 19 20 38 48 S@ 60 79 88 90
SIDE SLOPE ANGLE

NOTE: A SIDE SLOPE ANGLE OF 9@ DEGREES CAN RLWRYS BE FORMED




4

RANGE OF SIDE SLOPE ANGLES AS A FUNCTION OF HEIGHT
FOR THE OROPPING CUT (MODEL C)

0&K SH 639
MAX SLEW ANGLE SLOPE SIDE 98 VERTICAL VHEEL FREE QNGLE 59

15 F

vl

13 ¢

12 L+

11 L

10 |

BENCH HEIGHT
Q0

1 1 ]

%) 9 20 3@ 48 580 68 78 80 9@
SIDE SLOPE ANGLE

NOTE: R ‘SIDE SLOPE ANGLE OF 9@ DEGREES CAN RLWRYS BE FORMED

4
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APPENDIX 11-6

J

MAXIMUM WIDTH OF CUT AS A FUNCTION OF HEIGHT AND SIDE SLOPE ANGLE FOR THE
DK SH 630 '

NOTE: MAXIMUM SLEW ANGLE ON SIDE SLOPE SIDE 1S 70

NOTE: MAXIMUM SLEW ANGLE ON PIT SIDE IS 39

NOTE: FOR DROPPING CUT

NOTE: 'N' IS THE CUT WIDTH @ THE SIDE SLOPE ANGLE

HEIGHT W30  WeAD  WE50  Wesd  WA70  Wese  wees
L0 17.R 0 19.48 2L, 2.% 253 7 5.7
) 0.00 18.87 28.61  22.84 23.3 2468 25.77
5.0 0.0 18.25 28.17  21.73 23.13 2448 25.73
.50 8.8 17.61 19.70 21.48 22.91 24,35 25.68
6.0 0.8 1695 19.22 21.85 22.66 2421  25.61
6.5  0.00 0.8 18,73 20.68 22,41 2484~ 25.53
.80 0.8 9.8 1822 20.3 22.13 238k 5.M3
7.58 9.09 0.0 1769 19.99  21.84 23.66 25.31
8. 8.9 9.0 17.14 19.A8 21.53 23.M  25.17 '
8.5 8. 8.8 1657 19.¢5 2128 2321 5.
9.0 0.00 0.8 1598 18.59 - 28.85 22.95 24.B4

950 0.9 0.0 0.9, 18.27 28.63 22.83 2479

T 0 4 0.0 18.06 0.5 2277 2479
.59 9.0  9.00 - 9.0 18.84 20.49 22,76 2479

1.6 a8 .00 | 0.08 18.83 20.48 2275 279
11,59 0.8 0.089 2.0 17.99 20.47 2275 2478
2.8 0.8  2.80 0.9 17.89 20.45 22.74 2478
2.5 0.0 8.9 8.0 1773 2039 2274 24.78
1300 0.0 9.9 0.8 1759 2027 22.71 24.78

1359 0.08 0,88 ' 8% 17.50 20.27 2271  24.78
14,08 0.0 0.0 0. (759 027 2271 2478
50 0.8 0% 9.00 (7.5 W27 2271 2478
1580 &M 0.0 8.0 17,50 20.27" 2.1 w1 .

TERRACE CUT IS USED ABOVE BENCH HEIGHT OF 9. !0008i
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MAXIMUM WIDTH OF CUT AS A FUNCTION OF HEIGHT AND SIDE SLOPE RNGLE FOR THE
03K SH 38 . LA

NOTE: WAXIMUM SLEW ANGLE ON SIDE SLOPE SIDE IS 9
NOTE: MAXIMUM SLEW ANGLE ON PIT SIDE IS 3
NOTE: FOR DROPPING CUT ,
NOTE: 'W' IS THE CUT WIDTH @ THE SIDE SLOPE AMBLE :
HEIGHT W3l WBAD  WESe  WeGd  WeT® Wesd Wea9
Lo 18.39 2035  22.13  23.45 2466 2585  26.97
30 17,52 19.95 2178 2315 2046 25.75  26.95
.08 .00 19.32 2125 22,83 2425 25.63  26.91
350 0.00  18.68 2079w 22.59  24.83 25,50  26.86
6.0  0.00 18.82 20.30 2214 2378 2535 2.79
650 8.0 1735 19.89 2.T7T 2352 25.18 26.78
7.4 8.8 1665 19,28 21.39 23.24 2099 2659 A
7.9 8.8 .80 18,75 8.9 22.94 2479  26.46 ,
.0 8.8 0.8  18.19 20.55 22.62 24.5% 2.3
8.5 0.0 8.0 17.61 2811 22.28 24.32  26.15
.09 0.8 0.8 17.82 19.64 2l.R 2485 25.9%
.50 0.00 0.00 16,5 19.31 2..78 23.%2 5.9
1.8 8.0 0.00 1626 19.11 21.57 23.86 25.91
.58 0.2 %.08  8.0@ 19.11 2.57 23.86 25.91
11,00 9.00 6.0¢ 9.9 19.11 2157 23.86 25.91
.9 0.8 o000 0.0 19.18 2.5 23.86 25.91
2.0 8.9 . 0.0 9.08 19.91 20,57 23.86 25.91
.50 .00 .08 .M 18.85 21.52 23.86  25.91
1208 0.09 .08 8.9 (8.63 21.49 23.84 5.9
1350 0.® .00 0.00 1863 21.M 2384 25.91
14,00  0.09 9.0  0.00 18,63 21.40 23.84 25.91
13 8.0  0.00  0.00 18.63 21.M  23.84 - 25.91 ‘
5.8 8.9 9.8 9.0 (8,63 2.0 23.84 25.91 15

TERRACE CUT IS USED ABOVE BENCH HEIGHT OF 9. 108891 | e
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VIDTH OF CUT RS A FUNCTION OF BENCH HEIGHT -
i FOR THE DROPPING CUT

0&K SH 630

MAX SLEW ANGLE SLOPE SIDE 78 MAX SLEW ANGLE PIT SIDE 38

o B | L
5y A . |
H 1
- l ! |
, ! '
141 l ! 1
. H 1
]
l ! |
13 ¢ . | [
o | \ !
1
\ { |
2l I
’ K ' . 1 H
o \ I ’l
- 1L [ ; l
\ 1
. o !
- e \ '. 1
= v t 1
Z , \ : \\‘ \ ;
g 8 \ 1 ?r
.EI_‘;J:. \ \ \ \‘
Lt ’ AN \ . \\ \ -
L . \ ‘ \ \
W 8 L « \ \ \ -
o . < v
o ’ \ " ; \ 1
— \ \ \‘ \ «
W \ ' 1 \
7 L \ \ \ \
N . \ \
\ \
\ \ \\ \ t
B L . \ \ \ \ .
. \ \ \
SUREE A W S
\ \ 1
St S U T
8 \\ \ \ )
MU U S
4 L ¢ * \ \ \ l\
y 3 — I - 1 1 1 . 3
12 - 14 ( 16 18 20 22 24 26
) WIDTH OF CUT (M)
/ | | : .
Lo SSA=30 wieemes SSA=4B . . _. — S5A=SB
LEGEND — ——  ssn=68 —eee—e SSAS7@ | eme—... SSA=68

- ~ ~ S5R=89
SSA=S[DE SLOPE ANGLE




WIDTH OF CUT AS A FUNCTION OF BENCH HEIGHT
FOR THE DROPPING CUT

B 0&K SH 630
MAX SLEV ANGLE SLOPE SIDE 9@ MAX SLEW ANGLE PIT SIDE 38
5 _
1 ! ' !
| l 1
! 3
14 | . | ! I
w2 ’ : H
| ! 1
‘ ) i .
13 L : ' ‘ l
\ & 1 !
RS-
124 : ) \ ) I
H 1
\ I .
; | .
11 L | ! i
H )
l ! |
:
181 \ I i
- Voo \ !
' )
Z .\ \ l‘ \
E g b= ‘ : :\ ’ \ v '\
5 ) \
— AN N N \
Ul Z \ \ \ \
I . v
N\ ' . X
wl 8 - Y \ \ \
Q. \
o \ ) 1
| ’ \ \ \
v \ oA )
7 L . Y \ \‘ \
: ‘v \ . : ‘ ) )
\' '\\ 4 \ \“ ¢ b \
6 L " v \ \‘ \
~0 \ \ 1
Y " \ \“ Ve
5 L " O\ ‘\ .
v. \ \ “ /
-.. * \ ‘ ”
4 L \ SE AR U T T
4
3. 1 i 1 i A 1 1 1 . |
12 14 16 18 20 22 24 26 28
WIDTH OF CUT (M)
eSS0 eeemees SSA=4B = am — SSA=SB
J LEGEND o —— s55R=60 e S5A278 mmmmmma SSA=80
<~ . SSA=89

SSA=SIDE SLOPE ANGLE
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Height

S 12:6

8.4
472

Slew Angle
Slope Side

76.14
51.10 -
41.60 :

Slew Angle

Pit Side

16.00
24.45
35.50

Dist X1

0.00
2.23
3.21

TABLE Tl Slew angles and distance the BWE load boom pivot

¢

point must move to form the slope model Tl

242



243

”
Height Slew Angle Slew Angle Dist X1
Slope Side - Pit Side
19,10 . 70.00 8.71 0.00
8.35 63.32 10.25 0.43
7.60 , 58.38 11.79 1.35
6.85 - 54,40 13.33 1.96
6.10 51 .04 14.88 2.53
5.35 48.13 - 16.46 - 3.05
4.60 45.57 18.09 3.54
3.85 43,27 19.77 3.99
3.10 41.18 21.52 4.39
2.35 39,27 23.36 4.76
2 1.60 : 37.51 25.32 5.09
0.85 35.88 27.41 5.38

0.10 34.36 ©29.68 5

.63

TABLE DI - Slew angles and distance ‘the BWE load boom pivot
‘point must move to form the slope model D1



Height

.10
.35
.60
.85
.10
.35
.60
.85
.10
.35

.85

-

CO—NWWEULOG O KO

—
(o)

TABLE D2-A Slew angle and distance the BWE load boom pivot
- point must move to form the slope model D2-A

Height

.10
.35
.60
.85
.10
.35
.60
.85
.10
.35
.60
.85
.10

OCOFFNWWHFLEOO N®O

TABLE D3-A Slew angle and distance the BWE load boom pivot
point must move to form the slope model D3-A

.60

SleQ

~70.

63.
.38
54.

58

51

35
34

Slew

70.
64.
60.
.64
55.
52.
50.
49.
47.
46.
45,
.64
43,

57

44

§

Angle

00
32

40

.04
48,
45.
43,
41.
39.
37.
.88
.36

13
57
27.
18
27
51

Angle

00
73
79

03
82
92
28
85
61
55

88

oo~~~ wNre——=O

Nelioolie L NRe e IV, BESNUCH SN _J &)

Dist X1

.00
.01
.98
.91
.79
.64
44
.21
.93
.62
.26
.87
.43

Dist X1

.00
.01
.98
.91
.79
.64
44
.21
.93
.62
.26
.87
.43

4]
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Height Slew Angle Dist Xl ‘ 5

9.10 - 70.00 0.00
8.35 " 66.05 1.01
7.60 63.08 1.98
6.85 60.76 2.91
6.10 58.90 3.79 N
5.35 57.40 4,64
4.60 56.20 5.44
3.85 55.25 6.21
3.10 54,53 6.93
2.35 . 54,02 7.62
1,60/ . 53.71 8.26
1 0.85 53.62 8.87
0.10 © 53.74 9.43 !

FABLE D4~A "Slew angle and distance the BWE load boom pivot

H

TABLE D5-A

OO~ MNWWE O G~ 0O

- point must move to form the slope model D4-A

eight Slew Angle - Dist X1
.10 65.00 0.00
.35 60.64 1.01
.60 57.20 1.98
.85 - 54,37 2.91
.10 51.98 3.79
.35 49,93 4,64
.60 48,15 5.44
.85 46.60 - 6.21‘
.10 45.2¢4 - 6.93
.35 44,05 7.62
.60 ' 43,01 8.26
.85, 42.11 8.87
210 41.35 9.43 ' )
3 .
Slew angle and distance the BWE load boom pivot

point must move to form the slope model D5-A
)
N b

N



TABLE D1-B

TABLE D2-B

TABLE D3-B

Height

.00
.25
.50
.75
.00

.50
.75
.00

OC—NWWLWREULDS

.25

246

Slew.Angle Dist X1~
89,00 0.00
77.52 0.52
72.87 1.00 g
69.62 1.44
67.15 1.85
65.22 2,21
®: 2.53
62.55 2.82
61.71 3.06

Slew angle and distance the
point must move to form the

Height

00
257"
.50
.75
.00
.25
.50
.75
.00

Slew Angle

BWE load boom pivot
slope model D1-B

Dist X1
89.00 0.00
-80. 85 . 0.52
77.78 . 1.00
75.92 1.44
74.80 1.85
74.26 2.21 , |
74.26 2.53 .
74.83 2.82 ' '
76.06 3.06

Slew angle and distance the
point must move to form the

Height

.00
.25
.50
.75
.00
.25
.50
.75
.00

OO~ NWWEULO

P

BWE load boom pivot
slope model D2-B -

* Slew Angle Dist X1
89.00 0.00
81.83 "0.52
79.26 1.00
77.87 1.44
77.24 1.85
77.28 2.21
78.01 2.53
79.61 2.82
82.72 3.06

Slew angle and distance the
peint must move to form the

BWE load boom pivot
slope model D3-B
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o
]
Height Slew Angle Dist X1
9.10 70.00 0.00 -
8.35 61.67" 0.70
7.60 55.62 1.35
6.85 50.73 ~1.96
6.10 46.57 2.53
5.35 - 42,91 3.05
4,60 39.62 3.54
3.85 . 36.61 3.99
3.10 : 33.82 4.39
2.35 31.19 4.76
1.60 .. 28.70 ~5.09
0.85 26.31 5.38
0.10 23.99 5.63
0

.00 . 23.69 5.70.

TABLE D1-C Slew angles and’ distance the BWE load boom kivot
point must move to form the slope model DI-

Height Slew Angle Dist X1.
9.10 70.00 0.00
8.35 63.32 0.47
7.60 58.38 0.89
6.85 54.39 1.26
6.10 51.04 1.60
5.35 48.13" 1.89
4.60 p 45.57 2.15
3.85 43.27 2.36
3.10 41.18 2.54
2.35" 39.26 2.68
1.60 37.51 2.77
0.85 35.88 2.83

. 0.10 34.36 2.84
0.00 34.17 2.84

TABLE D2-C Slew angles and distance the BWE load bo@é@%iyotg
point must move to form the slope model D2-Cc#*®



Height
¥

9.10
8.35
7.60
6.85
6.10
5.35

4.60

3.85
3.10
2.35
1.60
0.85
0.10 "
0.00

~

Slew

70.
65.
61.
.93
56.
54.
52.
50.
48,
47,
.04
44,

43,

43,

58

46

’

Angle

00
45
90

38
14
16
39
80
37

91
88
79

NN DONNDNNEHEHO DO

Dist X1

.00
.47
.89
.26
.60
.89
.15
.36
.54
.68
.77
.83
.84
.84

TABLE D3-C Slew angles and distance the BWE load boom pivot=~

Lot

point must move to form the slope model D3-C
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