


DESIGN, INSTALLATION OF COMMINUTION CIRCUITS 

1 .  surge requ i red  due t o  feeding 
system 

2. make-up requ i red  due t o  pro- 
cess demand a t  d  i scharge 

3. surge r e q u i r e d  due t o  ma te r i a l  
process var iances 

D. B e l t  speed, as in f luenced by: 

1 .  des t ruc t i on  o f  t r a n s f e r  
s t a t l o n  components and o r e  
c a r r y i n g  i d l e r s  

2 .  mate r l a l  degradat ion a t  
t r a n s f e r  s t a t l o n  

3. ma te r i a l  f l o w a b i l i t y  th rough 
t r a n s f e r  

4.  a i r  e ros ion  o r  environmental 
f a c t o r s  

5. t r a c k i n g  s e n s i t i v l t y  

6. component s tanda rd i za t i on  

7. associated equipment I i m l t a -  
t i o n s  ( t r i p p e r s ,  e t  a l l  

8. wear r a t e  o f  b e l t  covers 

9. sequent ia l  s topp ing t i m e  
c o n t r o l  o f  conveyors i n  
s e r l e s  

E. B e l t  edge d is tance a1 lowance 
t o  i n h i b i t  ma te r i a l  s p i l l a g e ,  
as i n f  1 uenced by: 

1 .  t r a c k l n g  al ignment (wlnd, 
i d l e r  al ignment, s t r u c t u r a l  
al lgnment, load cen te r i ng  
e r r o r  

2 .  lump s l  ze and percent  d i s -  
t r i b u t i o n  

3. m a t e r l a l  surcharge angle 

4. i d l e r  t r ough lng  angle 

5. topograph ic  b e l t  l i n e  
var l a t  i ons 

6. t r anspo r t  d  i stance 

F. Cross-sectional area capaci ty 
as inf luenced by: 

1 . load s t a t  I on f  low r a t e  cor- 
r e c t  i on 

2 .  Be l t  I nc l i ne /dec l l ne  sect ions 

3. I d l e r  t rough conf igura t ion  

Of t he  s i x  mentioned fac to rs  ( A  
th rough F), on1 y  t h e  basic f low r a t e  
( A )  and mater ia l  p roper t ies  (8 )  are 
s e t  as p r i o r  cond i t ions .  Select ion o f  
these values I s  ou ts ide  the  scope o f  
t h i s  t e x t .  

Flow Rate Service Factor  ( I tem C) 

The f low r a t e  serv ice  fac to r  
(FRSF), i s  def ined t o  be a  m u l t i p l e  o f  
t h e  bas ic  f l ow  r a t e  (BFR). Their pro- 
duct  w l  l 1 y  l e l d  t h e  necessary conveyor 
system tonnage throughput f o r  a  speci- 
f i e d  t ime span. The FRSF can 
a l t e rna te1  y  be expressed as a  measure 
o f  t h e  performance variance above the  
BFR o r  u n i t y  tonnage ra te .  The BFR 
can be governed by t h e  mater la1 input  
feed r a t e  t o  t h e  conveyor, t he  demand 
feed r a t e  a t  t h e  discharge point ,  o r  
by a  combination o f  t h e  two. The pro- 
duct  o f  the  BFR and FRSF i s  def I ned as 
t h e  peak f l ow  r a t e  (PFR). Therefore, 
t o  establ  l s h  t h e  peak conveyor load, 
t h e  FRSF must be se t  before the  be1 t 
s  I ze can be selected.  

T h i s  paper w l  1 1 assume t h a t  t he  
FRSF i s  synonymous w i th  t he  system 
aval  lab1 l i t y ,  such t h a t  the  measure o f  
l o s s  o f  product ion (non -ava l l ab i l l t y )  
can be made up by lncreaslng the  f low 
r a t e  above t h e  BFR. The FRSF i s  de- 
pendent on t h e  conveyance f low c i r c u i t  
d l f f e r e n t l a t l n g  a  s i n g l e  conveyor i n  a  
c l r c u l t ,  o r  groups o f  conveyors con- 
nected i n  ser ies,  p a r a l l e l ,  o r  both. 
For s l m p l l c l t y ,  p a r a l l e l  i n te rac t i on  
w i l l  not  be discussed. 

An i l l u s t r a t i o n  o f  four basic types 
o f  c l r c u l t s  i s  g iven i n  Flgure 1 .  
These c i r c u i t s  demonstrate, by exam- 
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ple,  t h e  qua1 l t a t i v e  e f f e c t  o f  
stockpiles o r  surge b l n s  on t h e  con- 
veyor system s l z i ng .  For c l a r i t y ,  t h e  
fo l l ow lng  d e f l n l t l o n s  are  assumed: 

- The lnput  feed r e f e r s  t o  o r e  
ma te r i a l  placed on t h e  b e l t  from 
t h e  mlne s lde.  

- The demand feed r e f e r s  t o  t h e  
o r e  dlscharglng from t h e  b e l t  t o  
t h e  next  process. 

Shovel / Road / Truck 

Mi l l  

C A S E  A 

There may be c y c l i c  surges o f  t h e  
l npu t  ore, as an example, due t o  h lgh  
process r a t e s  caused by changes i n  o r e  
p r o p e r t i e s  o f  from over b l a s t i n g .  

On t h e  process demand (discharge) 
feed, t h e  process feed requlrements 
may c y c l e  o r  be i n t e r m i t t e n t  due t o  
t h e  process o r  I t s  machinery. 

Thus, t h e  ne t  system avai  lab1 l l t y  
i s t h e  product  o f  Independent aval  l- 
a b i l i t i e s  o f  i npu t  feed, conveyor, and 
demand feed. The consequent conveyor 
s l z e  may be a f fec ted  by a l l  t h ree .  

The case A c l r c u l t  has t h e  l e a s t  
l l k e l  y steady-state f low expec ta t l  ons 
and g rea tes t  f l ow  r a t e  var iance.  
Therefore, It has t h e  l a rges t  degree 
o f  under-ut i 1 i z a t i  on. 

Case B I s  
t h e  rece l  
feed from 

w i t h  a s tockp l  l e  ahead o f  
v i n g  conveyor. The i n p u t  
t h e  rnlne s i d e  I s  p a r t l a l l y  

o r  f u l l y  I s o l a t e d  from t h e  m ln lng  ac- 
t l v l t y .  Therefore, t h e  conveyor 
f l o w r a t e  i s  dependent on t h e  demand 
r a t e  from t h e  r n l l l  process. The m l l l  
feed I s  dependent o n l y  on t h e  a v a i l -  
a b l l l t y  o f  t h e  conveyor system. 

Mill 

C A S E  0 

Case C I s  w i t h  a s t o c k p i l e  a t  t h e  
demand ( m i l l )  feed. The i npu t  feed 
var iances,  as I n  case A, a r e  dependent 
on t h e  mlne o r e  a v a l l a b l l l t y .  There- 
fo re ,  t h e  m l l  l requlrements a r e  
dependent on t h e  a v a l l a b l l l t y  o f  t h e  
mlne, t h e  conveyor systems, and t h e  
m l l  l s tockp l  l e  l s o l a t l o n  capac i t y .  

F IGURE I. Basic Conveyor Circui ts 

Case A i s  w i thout  s tockp l  l es .  The 
lnput  feed, t h e  process demand feed a t  
t h e  d l  scharge, and t h e  conveyor system 
proper, can each Independently have an 
l mpact on t h e  conveyor s i ze se I e c t  i on. 
The a v a l l a b i l i t y  o f  m a t e r l a l  supp l l ed  
and demanded can cause surges I n  t h e  
t ranspo r t  tonnage. 

On t h e  l npu t  feed slde, crushers, 
t rucks ,  shovel s, roads, weather, e t c .  
can a l t e r  t h e  aval lab1 l l t y  o f  o re .  

Case D i s  w i t h  s tockp i  l e  a t  bo th  ends 
o f  t h e  conveyor. Thus, w l t h  proper 
s t o c k p l l e  s i z i n g  t h e  mlne and m l l l  
process r a t e s  can vary from t h e  con- 
veyor design f l owra te .  The conveyor 
f l o w r a t e  w l  l l be a steady r a t e ,  y l e l d -  
I n g  maximum u t i l l z a t l o n  and mlnlrnum 
cos t .  The mlne, conveyor and mi l 1 
equipment can each r u n  a t  t h e i r  maxi- 
mum capac i t i es .  Except ing f o r t h e  
c o s t  o f  s tockp i  les, t h e  economies o f  
s c a l e  are  opt imized f o r  each system 
l ndependentl y where t h e  l e v e l  o f  
a v a l l a b l l l t y  I s  balanced aga lns t  cap l -  
t a l  expendl tures.  
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B e l t  Speed ( I t e m  D) 

I n  general, t h e  b e l t  speed i s  
maximized w i t h l n  good design p rac t i ce .  
T h i s  I s  t o  r e a l l z e  t h e  s i g n l f l c a n t  
c o s t  savlngs from s e l e c t i n g  t h e  m in l -  
mum necessary b e l t  w id th  t o  meet t h e  
f l ow  area requirements. The b e l t  
speed se l e c t  i on i s  dependent through 
t h e  i n t e r a c t i o n  o f  t h e  n lne  given fac- 
t o r s .  

A  number o f  re ferences g i v e  some 
b a s i c  guidelines f o r  t h e  speed I l m i t a -  
t Ions correspond i ng t o  t h e  mater l a  l 
p rope r t i es ,  b e l t  width, and a n c i l l a r y  
equlpment, such as CEMA (19791, 
R l j s e n b r i j  (1972), Goodyear (1979). 
The graphs, shown I n  F igu re  2, I n d l -  
c a t e  some empirical l i m i t s  f o r  general 
design w i t h  respect  t o  p o i n t s  1 and 3. 

S o f t  Ore 

( 4" Lumps 

- Hard Ore 
r 

8 0 0  

0 Hard Ore 
w 6 0 0  > 12" 

m 

B E L T  WIDTH ( IN.)  

F IGURE 2 .  Belt Speed Limit v s  Width 

Transfer  S ta t i on .  The speed s e l e c t i o n  -- 
should t ake  i n t o  account malntenance 
o f  t h e  t r a n s f e r  s t a t i o n .  As t h e  b e l t  
speed Increases, t h e  damage t o  t rans -  
f e r  s t a t l o n  equl pment and degradat ion 
o f  t h e  o r e  Increases as t h e  square o f  
t he increased speed. Env l ronmenta I 
c o n t r o l  a l so  becomes more d i f f i c u l t .  
The design o f  t r a n s f e r  f l ow  i s  o u t s i d e  
t h e  domain o f  t h i s  paper. A  good r e f -  
erence I s  C o l i j n  (1972).  

Tr ippers .  B e l t s  w i th  t r i p p e r s  are  
speed-l lmited due t o  t h e i r  r e s t r i c t e d  
chute f low path. In  hard rock mining, 
t h e  speed i n  f ee t  per minute (FPM) I s  
I l m l t e d  t o  about 10 t imes the  b e l t  
w id th  i n  inches w l th  an upper l i m l t  o f  
700 FPM. 

B e l t  Edge Dlstance ( I t em E )  

To insure against  s p l l l a g e  a t  t h e  
load ing s ta t ion ,  and t o  a l low f o r  
changes i n  t r anspo r t  geometry, t h e  
d is tance between t h e  b e l t  edge and the  
mater l a  l must be eval uated. 

Six f ac to rs  were s ta ted which In-  
f luence the  edge distance selection. 
A b r i e f  d lscusslon o f  each fac to r  
f o l l ows :  

Tracking. The b e l t  w l  l l not  p e r f e c t l y  
t r a c k  t o  i t s  t h e o r e t i c a l  center !  lne  
f o r  var ious reasons. An allowance i s  
made t o  accomodate f o  these condl- 
t i o n s .  Varlous standards, such as 
CEMA (19791, DIN 22101 (19421, and 
JIS-0-8805 (1965), reference t h e  mini-  
mum edge allowance f o r  t r a c k i n g  as: 

Th is  i n d u s t r i a l  standard a l  lowance 
does not  inc lude any conslderat lon f o r  
l ump contal  nment . 
Lumps. To conta in  lumps a t  t he  loading 
zone and a t  t h e  discharge, a  separate 
eva lua t i on  I s  requ l red .  When mater ia l  
leaves the  sk l r t boa rd  contalnment, I t  
I s  I n  a  s ta te  o f  f l u x .  An edge d is -  
tance al lowance I s  made f o r  large l ump 
contalnment, as shown i n  Flgure 3, by 
t h e  f o l  lowlng formula: 

4 rD"pl ( 2 )  d2 = (SF) (-1 TAN 



SELECTION, SIZING OF CONVEYORS, STACKERS 549 

where: 

SF: s l ab  f a c t o r  o f  lump slze, 
normal l y  1.5 4: rock  dlameter ( I n . )  

D ( :  surcharge angle (degrees) p :  i d l e r  t rough ang le  (degrees) 

d l :  t racking error 

d : lump spillage control 
2 

(P : lump size 

FIGURE 3. Bel t  Cross Sectional Area 

8 Edge Distance Allowance 
Dimensional Porometers 

An example edge d i s tance  c a l c u l -  
a t i o n  I s  given: 

W: b e l t  w ld th  60 Inches +: rock  s l z e  8", p r  lmary crusher 
O ( :  surcharge angle 25 degrees 
p: i d l e r  t rough ang le  35 degrees 
SF: o r e  s lab f a c t o r  1.5 

edge = d l  + d2 

Th i s  y i e l d s  a 72% b e l t  load lng 
based on t h e  CEMA (1979) d e f i n i t i o n .  
H i s t o r l c a f l y ,  englneers have used a 
f i x e d  va lue (e.g. 75%) as a bas i c  
deslgn c r i t e r i a  w i thout  regard  t o  t h e  
lump slze,  b e l t  wldth, ang le  o f  ln -  
c l i ne /dec l i ne ,  o r  o ther  f a c t o r s  ye t  t o  
be discussed. Th is  can lead t o  s i g n i -  
f l c a n t  overdeslgn o r  underdesign o f  
t h e  b e l t  w id th  as w i l l  be I l l u s t r a t e d  
l a t e r .  F igu re  4 i l l u s t r a t e s  t h e  v a r i -  
ance i n  load ing percentage due o n l y  t o  
t r a c k 1  ng and lump s l z e  a l  lowances. 

minimum., loadin .,for .. 
specified lumpa 

BELT W I D T H  ( I N . )  

FIGURE 4. Load Percentage vs Width 
Dependent on Lump Edge 
Distance 8 Tracking Error 

The s i z e  and d l s t r l  b u t l o n  o f  lumps 
shou ld  be considered i n  t h l s  evalua- 
t i o n .  I f  t h e  ma te r l a l  i s  be ing 
r e t r i e v e d  from a stockpile, t h e  l a r g e r  
lumps tend t o  segregate t o  t h e  ou te r  
edges and along t h e  bot tom o f  t h e  
p i l e .  Thus, a concentrated f l o w  o f  
l a r g e r  lump ma te r i a l  may occur.  Engi- 
nee r i ng  judgement i s  r e q u i r e d  t o  
t a i l o r  t h l s  al lowance f a c t o r  t o  t h e  
l ump percentage i n  t h e  f l o w  stream. 

The b e l t  w ld th  should be no l ess  
than  t h r e e  t imes t h e  l a r g e s t  dlmensl on 
o f  t h e  maximum lump s i z e  t o  prevent  
lumps from p inch ing between t h e  I d l e r  
wlng r o l l s .  

= 7.66 inches 
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k-value i s  u n i t y  a t  t h e  end o f  t h e  Th is  c r i t e r i a  assumes no cohesive 
s k i r t b o a r d  ( b e l t  and ma te r i a l  are a t  r e s  I  stance between mater l a i  and be1 t . 
t he same speed) . 

The cross-sect ional  area, when ob- 
The magnitude o f  change o f  k, and served i n  normal sec t ion  (F igure  31, 

t h e  c o n f i g u r a t i o n  o f  t h e  tu rbu lence must be corrected f o r  an l n c l l n e  o r  
zone ar i l l u s t r a t e d  i n  F igu re  6. decl  i n e  po r t i on  o f  t h e  conveyor 

( CEMA) . The area formul a g l  ven Area = 
I A 1  + A2 I s  corrected as fol lows: 

\ 
\ 

incline angle: lo0 

1 I I 

0 4 8 12 16 20 

SKIRTBOARD LENGTH (FT.) 

FIGURE 6. Belt Overlood Rotio vs 
Skirtboord Length 

B e l t  Slope_. - Dur ing s t a r t i n g  and stop- 
p ing  a conveyor w i t h  ma te r i a l  on a 
s loped po r t i on ,  a determinat ion  should 
be made on t h e  stab1 l l t y  o f  t h e  mater- 
i a l .  A harsh j o l t  may f l u i d i z e  t h e  
load.  A d e r i v a t i o n  o f  t h e  k - fac to r  
can be used as a c r i t e r i a .  The mater- 
i a l  s t a b l l l t y  c r i t e r i a  i s  g iven as 
fo l l ows :  

where: 

r =  TAN( 0 1 - TAN( OC 1 (21 1 ' . f r i c t i o n  c o e f f i c i e n t  o f  
pr '  mate r i a l  t o  b e l t  

: surcharge ang le  (deg.) 
8 : b e l t  s lope ang le  (deg.) 

t ime:  accel /decel  t l m e  (sec.)  
g: a c c e l e r a t i o n  o f  g r a v i t y  

Area = (A1 ) cos 8 + A2 

where: 

8 :  t h e  b e l t  slope (deg.) 

The DIN 221 01 makes a co r rec t i on  t o  
t h e  I n c l i n e  b e l t  loading using a d i f -  
f e r e n t  c r l t e r i a .  The area co r rec t i on  
f a c t o r  by DIN 22101 I s  g lven by t h e  
formula:  

Area(baseline1 
Area( co r r .  1 = (23) 

c0s38  

where: 

8 :  t h e  b e l t  slope (deg.) B & 2 0 °  

I d l e r  Tco- Angle. The resu l t an t  b e l t  
cross-sect ional  area ca icu la t lon ,  as 
de r i ved  from t h e  i d l e r  conf i gu ra t l on  
parameters, I s  dependent on: 

- r o l l  conf igura t ion  o r  shape 
f a c t o r  ( length,  angles) 

- edge distance a l  lowance 
- e f f e c t i v e  surcharge angle 

J i l e k  reviewed the  i d l e r  t rough 
c o n f l g u r a t l o n s  I n  depth. H l s  s tud ies  
inc luded i d l e r  conf igura t ions  from one 
t o  f i v e  car ry  r o l  I s  w i th  vary lng r o l l  
l eng ths  and t rough lng angles. H l s  re -  
s u l t s  showed t h a t  by a l t e r i n g  t h e  
l eng ths  o f  t h e  r o l l s ,  f o r  a g iven 
t rough lng  angle, t h e r e  was an optimal 
area t o  r o l l  length re la t i onsh ip .  

I n  t h e  standard th ree - ro l l  i d l e r  
se t ,  t h e  optimal r o l l  conf lgura t ion ,  
f o r  most mater ia l  surcharge angles was 
found t o  be: 
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DESIGN, INSTALLATION OF COMMINUTION CIRCUITS 

MTTR: mean t l m e  t o  r e p a l r  
t h e  I - t h  component 

Note: component may be synonymous w l t h  
conveyor assemb I  y. 

To make t h e  cos t  t r a d e - o f f  on t h e  
conveyor component aval  lab  I I l t y ,  a  
measure of cos t  e f f ec t i veness  (CE) 1 s  
used. Th is  I s  expressed i n  t h e  form: 

where: 

CE: cos t  e f f e c t i v e n e s s  o f  
system 
where greater  than 1.0 i n d l -  
ca tes  t h e  m u l t l p l e  Increased 
leve l  o f  e f f ec t i veness .  

1 :  I - t h  component eva luated 
VP: product  vat ue 
An: a v a i l a b i l i t y  index o f  new 

equ i pment 
Ao: a v a i l a b i l i t y  Index o f  o r l g l n a l  

( basel l ne) equl pment 

The CE, as g iven above, I s  an e s t i -  
mate i n  t h a t  I t  does no t  i nc lude  t h e  
t l m e  value o f  money. 

Conveyor components and system e f -  
f e c t s  t h a t  a re  t y p i c a l l y  a  p a r t  o f  t h e  
conveyor system aval l abi  I i t y  c l  r c u l  t 
a r e  governed by t h e  f o l  low1 ng: 

- E l e c t r i c a l  l i n e s  - Feeder t rans formers  t o  motor - Motor con tac to rs  
- Motors (bear ings,  I n s u l a t i o n ,  

winding) 
- Motor c o n t r o l  s  ( f  I  u l  d  coup l i ng, 

e t  a l l  
- Gear boxes and aux l I l ar  I es 

(bear ings,  gear lng)  
- D r l v e  coup l lngs  
- Pu l l eys  ( s h a f t ,  r i m ,  end d l s k )  
- P i l l o w  b lock  bear lngs  
- Takeup assembly - I nstrumentat  l on 
- Chutes, p lugg lng  
- Holdbacks/brakes 
- B e l t  r e p a l r  ( r i p s )  

- B e l t  sp l i ces  
- Power outages 
- Weather shutdowns 

Informat ion f o r  e l e c t r i c a l  MTBF and 
MTTR data I s  referenced I n  published 
data of IEEE Committee Report (19741, 
and Yu (1978). The MTBF on reducers 
and p i  I low block bear i ng can be est  lm-  
ated from t h e  L-10 l l f e  hours. The 
MTl3F o f  bearlngs I s  t y p i c a l l y  given as 
approximately four t imes t h e  L-10 l i f e  
(Sh ig ley ,  1963). Therefore, by exam- 
p le ,  t h e  MTBF o f  a  two-stage reduct lon  
gearbox w l th  two Iden t i ca l  bearings 
per sha f t  would be: 

MTBF = 

where: 
L1: L-10 l i f e  hours o f  t h e  low 

speed shaf t  bear lngs 
L2: L-10 l i f e  hours o f  t h e  

l ntermed l a t e  sha f t  
bear i ngs 

L3: L-10 l i f e  hours o f  t h e  high 
speed sha f t  bear i ngs 

INTRODUCTION TO 
MONTE CARL0 SIMULATION METHODS 

Each product ion center  should be 
desl  gned f o r  t h e  most cost  e f f e c t i v e  
p l a n t  f low r a t e  (CEFR). The FRSF f o r  
t h e  p lan t  I s  made up o f  t he  lnd lv ldua l  
CEFR values f o r  a l l  process centers. 
I t  I s  somewhat complex t o  make an 
eval  ua t  I on o f  t h e  best CEFR a t  each 
s t a t l o n  when a l l  o f  t h e  p lan t  f a c l l l -  
t l es a re  I n t e r a c t  l ng. Therefore, 
modern methods a re  employed today w l th  
t h e  use o f  computers, t o  formulate 
such manners o f  Inves t  l g a t i  on. 

HI s t o r  l ca I I y, t h e  FRSF has been se- 
l ec ted  through experience fac tors .  
Typically, t h e  FRSF has been set  t o  a  
va lue  o f  1.25 t imes t h e  BFR. Lack o f  
understand1 ng o f  t h e  system interac- 
t i o n s  t r a d l t l o n a l l y  leads t o  an 
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overdesigned rule-of-thumb FRSF. 
Overdesl gned equl pment and stockpi l e  
sizes are speci f ied t o  canpensate f o r  
potent lal  productlon loss due t o  ad- 
verse weat her cond i t i ons and/or 
prolonged equipment downtime. The 
breakeven economic t radeo f f  fac tors  o f  
r i s k  capl ta l  versus product lon losses 
are normally not quant l f ied. A modern 
method of quantl f y  I ng the  FRSF, I n- 
c I udi ng the In teract  1 on o f  equ i pment 
performance, stockp I l e  s i  zes, operat- 
ing constraints, and seasonal weather, 
var la t lons I s  through t h e  use o f  sto- 
chast I c slmu I a t  I on of  t he  process. 
Pr inc ip les of  these techniques have 
been referenced i n  t he  a r t l c l e s  o f  
Cruz et  a i  (1981 1,  Lakey (1979) and 
Sajklewlcz. The techni ques o f  Monte 
Cario simulatlon are we1 i su i ted t o  
invest igat ing the  stochast ic behavlor 
o f  al te rna t l ve  system concepts. 

The Monte Carlo simulat ion tech- 
nique Is  patterned a f t e r  I t s  namesake 
place of chance. With a spln o f  t he  
wheel of chance, you e i t he r  observe 
the  event (you wln) o r  you don't (you 
lose). The wheel o f  numbers repre- 
sents a random set o f  occurences. 
Each occurence represents an observ- 
a t ion  In tlme. By se t t i ng  the  
aval labi  I l t y  factors  (random numbers 
on the wheel) t ha t  correspond t o  the  
expectation o f  continued production o f  
each const i tuent event (shovel, t ruck, 
crusher, conveyor, weather, power, e t  
a t )  t h e i r  interaction can be slmul- 
ated. 

Thl s i s accomp I 1 shed by 
sequent ial ly splnnlng the  wheel f o r  
each successl ve f unct I on I n t he  pro- 
cess c i r c u i t ,  applying productlon 
const ra in ts  where appl lcable.  For a 
wln, the  productlon continues. For a 
loss (equl pment fa1 I ure, e tc .  1 ,  t he  
productlon stops a t  t h e  given event 
and any consequences broadcast by t he  
event unt l  i t ime corrects  t he  shutdown 
(equl pment I s  repai red, t he  storm 
passes, e t  a l l .  

Monte Carlo model lng can in tegrate 
most of  the  major a c t l v i t l e s  o f  the  
process. Maintenance programs can be 
1 denti f led i n  terms o f  manpower, 

equlpment, and par ts  Inventory. AS 
h i  s t o r i c a l  records are tabulated, 
ongoing simulat ion can be used t o  im- 
prove fu ture expectation f o r  p lan t  
p l annl ng and prospects f o r  expansion. 
Capi ta l  erpenditure can be d l rected t o  
those Items I den t i f i ed  t o  be produc- 
t i o n  bott lenecks wi th  the  greatest net 
r e t u r n  on investment. It I s  t he  ob ject  
o f  the simulat lon study t o  evaluate 
a l t e rna t i ve  concepts such t h a t  a pro- 
cess conf igurat ion can be found which 
y i e l d s  the greatest overa l l  per for -  
mance. 

COMPUTER AIDED DESIGN (CAD) 

Today, t he  engineer I s  faced w i th  
more complex systems. He i s  requl red 
t o  make declslons wi th  fa r  greater 
cost  imp1 l c a t  ions as t he  t ranspor t  
systems Increase I n  s ize and scope. 
Unfortunately,  the  t lme a l located t o  
engineer such systems has not increas- 
ed proport ionately,  Therefore, more 
engineers have turned t o  canputer sys- 
tems fo r  deslgn asst stance. 

One such program I s  presented here 
i n  Figure 7 and 8 .  The program I s  
tradenamed BELTSTAT. It i s  used f o r  
deta i  led analysis o f  b e l t  and motor 
s i z lng ,  i d l e r ,  pul ley,  con t r o l s  and 
brake sel  ections, and other  features 
necessary t o  good conveyor design. 

BELTSTAT i s  patterned a f t e r  t he  
CEMA englneering methods. The convey- 
o r  I s  analyzed fo r  a i l  operat ing 
states, such as: 

1. F u l l y  o r  p a r t i a l l y  loaded b e l t s  

2. Summer and winter cond i t i ons  

3. Running, s tar t ing,  and stopping 

4. Mu l t i p l e  d r i ve  placements 

BELTSTAT eval uates t h e  conveyor 
b e l t  as an in -e las t i c  body (non- 
s t re tch ing) .  

Although an in -e las t i c  analys is  I s  
s u f f i c i e n t  f o r  the  ma jo r l t y  o f  con- 
veyors designed, it I s somet I mes 
des l rab le  t o  study the  s t a r t i n g  and 
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stopping t r a n s i e n t  phases. B e l t f l e x  
i s a computer-ass1 s ted design t o o l  
which models t h e  elasto-mechanical 
t r a n s i e n t  behavior du r l ng  s t a r t i n g  and 
stopping.  I t s  va lue  i s  i n  p r e d i c t i n g  
excessively h i g h  o r  low t r a n s i e n t  
f o r ces  i n  t h e  conveyor system which 
can over load components o r  cause o ther  
harmful e f f e c t s .  I t  I s  primarily used 
as  the  f i n a l  s tep  i n  r e f i n i n g  o r  v a l i -  
da t i ng  t h e  design, f o r  chosen c o n t r o l  
concepts t o  s t a r t  and s top t h e  system. 
A t y p i c a l  ana l ys i s  i s  i l l u s t r a t e d  i n  
F i g u r e  9 f o r  general re ference.  

Many o f  t h e  f a c t o r s  discussed i n  
t h i s  paper are now u t  i l 1 zed i n  canpu- 
t e r  alded design. A1 l aspects o f  t h e  
conveyor can be s tud ied  t o  maximize 
I t s  o v e r a l l  u t i l i t y .  
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