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Objective

Explain the interaction
between

rock material
and

crusher
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Take home messages

/" The Take Home Messages will address:
* Trouble Shooting
* Improve Yield
* Improve Performance
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® Cone Crusher Operating Principal

® Crusher Operation

® Rock Breakage Behavior

® Crushing Forces
® Optimization-and Crusher Performance Mamp
® Conclusions




Scientific Approach

Problem / Research Question

Hypothesis / System behavior

v, “
/‘\ A S A g

: .
Choice of method a:. ‘or’w.Jde. 7, — .
Study and/or predic*’o. m ~.em behavior _g ke

’ A g Customer
{ O g Values
NEDT. U W, 5 .
- =, .
S I
\ - n &
Prediction of performance ¢

*
e Utilize results for improvement ¢
/RN

QUARRY
ACADEMY




Cone Crusher

® \Why Cone Crusher?

® The cone crusher design
concept is an effective and smart
way of realizing compressive
crushing

® Aggregate Production

® Mechanical Liberation of
Valuable Minerals
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Operating Principle
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Operating Principle
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Operating Principle
Feed - Feed

Concave

CSS

2’ C—D Throw
Product

Product Eccentric speed
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Operating Principal

N

Opening Phase = Closing Phase =
= Transport = Crushing
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Operating Principal

Crushing

Transport

Concave

u
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Operating Principal
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Operating Principal

Crushing

Transport

Concave

u
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Operating Principal

— Crushing Zone

S
b: Bed Height

s: Compression
s/b: Compression Ratio

Concave



Operating Principal

Single Particle Breakage SPB

Inter Particle Breakage IPB

Concave
Mantle




Operating Principal

® [n a cone crusher the stones are crushed with both SPB and IPB as the
material moves down through the chamber.

® The relative amounts of IPB and SPB depends on factors like chamber
design, crusher geometry, speed, css, eccentric throw, and others.

SPB _IPB

Fines Less
Shape Flaky
Force Low
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Operating Principal

® Capacity

Cross section area
Area function

Concave

css o8 <
-

/ |\
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Operating Principals

® Capacity
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Operating Principals

......................................

.......................................

Do you believe it?
All chambers have same capacity.
Capacity is determined by the choke zone




Crusher operation

® As the market demand shifts can the crusher operation be modified?

® The crusher is likely to be installed for maximum production. Can it be
changed to maximum efficiency?

® Understanding how breakage and capacity is effected by
v Eccentric Throw

v Speed
v Closed Side Setting
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® Running the crusher at different eccentric throws
ECC 0.6" (16 mm) o

Crusher operation
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Crusher operation

® Running the crusher at different eccentric throws, CSS optimized

M Product

M Fines

M Re-circulation

Production [%]

16 ECC [mm] 36
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Crusher operation

® Running the crusher at different speeds

"4 280 rpm "+ 360 rpm "+ 440 rpm
11106 tph 11104 tph 1 96 tph
| E—n%. EE Eﬂ%' :: . )
we| § " By tuning the crusher
operation production
efficiency can be
) Improved )"
Tl -008m13% & |[-0.08m17% \& || -0.08"21%
«1110.08"-0.5"; 69%0\ =1110.08"-0.5": 719%0\%, *|; 0.08™-0.5": 719
] +0,5™ 18% 1 +0,57: 12% || +0,5" 8%
||Fines/Product: 0.19 || 'Fines/Product: 0.24 ||| Fines/Product: 0.30
JIL Changing speed can have mechanical effects on the crusher and motor
QUARRY

ACADEMY



|1 1 | |
5651-0 26850 57500 55750 5150-0

5685-2 56800 025-0 42051
oo A L1V s e w0 12
B 4 ?MM%//AW///% se1-0 i
- / 56813 1817-0
= - | gg " sese 1817-2
Design drawings ———3lel < 1
AN ——— "

<A
\
y
0
B
2
L&

80059
6050-0
sm—o\\

NG =
pronsic \
52533 N ! W 50071
-> Lt \
A Fr@, \ 5007-2 18100 \\
5253-0 7 ;,_:?\‘s i 8007-3 A
N 1l sgso=1 1805-0
N 7 A 56502
\ I 1815-0 ™
N L IS 56504 N
\ AR

NIl

e ;
~ Coarse ‘
5005-0 18300 1685-0 1400-0
10050 25400 2305-0
4385-1 i
4385-2 \
s
«m—r\/ A B
1006-0
10061 s
1006-2 se81-3
wos-.:\ 25401 - #4d1-0 2
1320-0
io10-2 a0
:ﬂﬁ—ﬂ £ 1010-1  1285-0
o4 1285-1
o } LI
1430-0 3 \ 3555-0
1005~1 % N i
1005-2 N \
1005-3 %
\‘ <E 1|. II_ -
Cl
N
on) : ;
2\
’ % I !::‘: 2505-1
18550 wrsg 0900
1200-0 N 505-0
;505—2 3070-2 3080-2  3080-1 3080-0
1805-0 N G g40i-1 120-2
18200 1280~0 — R § 3650-0 et 30902
1810-0 2020-2 \
3170-2
2140-0 r 40350 1015-0
s N 84d1=1 fors-1 3190-2
—
22250 1015-3 = 3290-0
i N 2205-0 10154 \\ I 3220-2
22600
4135-0 A 2050-0 D 32402
pia %
J590-0
2515-2 é 25050 35901
2530-0
84010
8401-1
BEE— N . 2

FAS A




Crusher operation
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Crusher operation

® Chamber selection
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Crusher Operation

® Relation between CSS and
Shape

v" The size were the best shape
can be found is at CSS

v It is very difficult for cubical
stones larger then CSS to pass
the chamber

v' Breakage of stones creates flaky
particles. Smaller flaky stones
will more easily find its way
through the chamber
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Flakiness index [%]

Particle size [mm]



Crusher Operation

® Relation between Feed size and
Shape : <

e X
v The greater reduction ratio the ) /
worse particle shape. g Particle Shape:
v' Inter particle breakage improves 2 The Particle Shape can
shape. When crushing a bed of 9 be i db :
material weaker particles will & g 'mprOV? y mow-ng
break first. Flaky or elongated % the reduction to earlier
particles are weaker then round. - stages in the plant
v Breaking round particles gives /4
flaky material. AR

Particle size [mm]
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3—230 miph
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[Pl
76 mtph
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Crusher
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F
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r:

Process Capacit%{

[
Design capacity: 200 tph Capacity;
Crusher Capacity: 300 tph :
Pacty- 5ot | ,  Process Capacity

Choke fed Crusher operation(300 tph): Al
Material in surge bin runs out at even _
intervals _ Crusher Capacity

66% Capacli

utilization must correspond

Conseqguence:

Crusher is operated choke fed 66% of
total operating time feeding the screen
with 300 tph

Screen overload

Solution: Adjust throw in order to reach
200 tph capacity
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Rock Breakage Behavior

Laboratory investigation of breakage modes
Compressive crushing with hydraulic press.

Compression ratio Compression ratio
Distribution width
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Rock Breakage Behavior

SELECTION, S
! ! /

0.9 :

0.8 o : _ : . o "

R . . ; 4 Packing limit | -

07 : : ' f is-=7 Itis easier to crush short
S 06 L.+ fractions than long
% 0 g ”» : : : "'04\ fraCtionS.
AP B/ _ //// _______ TR S S 2y Packing limit is reach

w, Long fraction : | R earlier with long
: : : 1 \ fractionsl

...... Ga
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Rock Breakage Behavior
BREAKAGE, B

l
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- .......... Inter particle crushing with high
... COmpression ratios crushing produces
fines.
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Crushing Force

b: Bed height
S. compression
s/b: compression ratio

F: Force
F=1(s/b,0)
0. Fraction length
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Crushing Force

Flttedfunctlonvstests packing! MUItl (Inter) partICIe
50+ Inter particle
breakage
Longer fractions
results in higher

crushing pressure
and better particle
shape.

P(Sy: 0y ) = 8,505 + 8,550y + ;5% +8,5,0% + 8,50, + 8,5,

o, = Size distribution width
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CrUShing Force

Single particle
-force response

3500

Single particle
z breakage requires
g lower crushing force
2 - compared to inter
| j particle.
BN EE5 .

R S AL S

Compression ratio
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Optimization of a Final Crushing Stage

m \Who is control of your process
performance?
m \What tools have been provided

, *‘ to make the production efficient?

ey
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Optimization of a Final Crushing Stage

m The crushers are the last size
reduction stage in the value
chain.

m Over crushing is common.

m The connection between crusher
setting and yield is often
unknown

m The rock cannot be repaired.

m \We need to control the crusher
carefully.
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Optimization of a Final Crushing Stage

® Optimization of one parameter
(CSS) can be done by sampling
and analysis

® The invested time and lost
production will quickly be repaid
by increased productivity

® Combine product yield and
economic aspects

® This can be done by taking
samples and making the
analysis in MS Excel
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Optimization of a Final Crushing Stage

Material from crusher is sampled

® Measure the capacity at each
crusher settings. CSS will effect the
final product capacity, especially in
a closed circuit.

® Production of 4 valuable products
v' 0.08-0.16” (2-4 mm) Sampi
v' 0.16-0.32” (4-8 mm)
v' 0.32-0.64” (8-16 mm)
v' 0.64-0.87” (16-22 mm)

® By-product with no value
v' 0-0.08” (0-2 mm)
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Optimization of a Final Crushing Stage

Run the crusher at different settings

® Take at least one sample at each
setting. (Multiple samples are often
useful)

® Special Attention to Safety when taking
samples!!

® Position of point were samples are
taking.

® Ensure that the conveyor will not start b
accident.
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Optimization of a Final Crushing Stage

® Particle Size Distribution Plots

® |[f taking single samples on each
CSS the risk of getting
inconsistent results might make
the graph look strange.

® Impossible to determine optimum
setting by only using particle size
distribution graphs
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Percent Passing

Particle Size Distribution for different CSS

—0,51
—0,55
—0,59

Sieve Size ["']

10

0,63
—0,67
—0,71
—0,75
—0,79
— 0,83
—0,87
—0,91
— 0,94



Optimization of a Final Crushing Stage

. . Capacity and CSS
® |[f taking single samples on each

CSS the risk of getting
inconsistent results might make o0
the graph look strange. "

250

150

® Impossible to determine optimum
setting by only using particle size
distribution graphs

Capacity [tph]

50

0.50 0.60 0.70 0.80 0.90 1.00
CsS["]
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Optimization of a Final Crushing Stage

® Combine the particle size distribution and capacity.

® Percentage of final product times the capacity gives the production capacity of

each product. Capacity and CSS
250

® Example 0.087-0.16” mm at CSS 0.79”:200

v Percentage of crusher O
production

v 20% -11% = 9%
v Crusher capacity
v' 193 tph

o
a1
o

Capacity [tph]

[
o
o

50

v" Total Production:
v' 193 tph x 9% = 17 tph

0.50 0.60 0.70 0.80 0.90 1.00
CSS "]
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Optimization of a Final Crushing Stage

Crusher Production

® Entering all the values into MSo

Excel makes this easy to get JUE——, > .
. - y g 70 = e ——
production capacities. .
. P . ‘E >0 ——0-0.08
® Still difficult to determine the £, 008016
optimal setting 5 e 0.16.032
';g 0 —(}.32-0.64
& 20 “==0.64-0.87
10
0 T T T T 1
0.50 0.60 0.70 0.80 0.90 1.00
css']
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Optimization of a Final Crushing Stage

Crusher Yield

2500

® Use the price* per ton for all
. KF"'@"""—'—Q—' products:

v' 0-0.08": $ 0 (by-product)

= 1500 0008 v' 0.08-0.16": $12.30
P VY =—0.08-0.16 .

g I g o VA VR VARVR 0.16-0.32 v' 0.16-0.32”: $ 13.85

- 10 ——032064 v 0.32-0.64": $ 16.90
0.64-0.87 v .

co0 | o o ncome 0.64-0.87”: $ 10.80

00._5_: : [Ttl’)[) : : OIYE : [TEI%O : : 0I9;_¢ 1.60 . Make an Income graph by
css['] combining prices with capacity

LA *All prices are estimates based on publicly available data
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Optimization of a Final Crushing Stage

Crusher Yield

® \What difference does it make? 2500

® Running the crusher 0.08” off: EBBBZM_._'—._H

v' Decrease the profit by 58.5 $/h fgﬂg 7 \ —4—0-0.08

o 150
v" Running the crusher at 1600 2 5150 %v o ‘\. —=-0.08-0.16
S Eaa o~ Ca ran ran e )(—x -
hours per year: £ 000 —o Income

58.5*1600=$93600 2100 | o e
28%8_ :F_ ‘ - " —@—|ncome
21000)) 7 S G S U S S S A N —
/ B0 1.a000
Optimization:
The effort put in to optimization will repay
= itself quickly

QUARRY y
ACADEMY -



Crusher Performance Map

Optimization

Crusher Production

80
70 B — — e e TRV ¢
el A ——x
60
=
s
=50
o
W
(1]
=
& a0
| =
S
=
330 -
=
o
’ M
10 )./
0 T T T T T T T T T 1
050 055 060 065 070 075 080  0.85 090 095 1.00
css[']
T4
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Crusher Performance Map

Crusher Performance Map

90%
[
——0-0,08
70%
- 60% ——0,08-0,22
2 50% | —0,22-0,3
3
T 40% < o~ —0,3-0,44
E 30% T — / 7
< ——0,44-0,62
20% - —
0% —0,62-0,88
The Crusher Performance 0% — . . 008044
. 0.20 0.30 0.40 0.50 0.60 0,22-0,62
Map can assist your st
operator with maintaining Crusher Performance Mao
efficient production 4000
35.00 0.0,08
= 3000 1= N =——0,08-0,22
£ 25.00
5 5000 - —0,22-0,3
. —0,3-0,44
3 15.00 ~ ——
£ 10.00 ~ — 7 ~_ 7~ —0,44-0,62
500 . —0,62-0,88
- — . . 0,08-0,44

0.20 0.30 0.40 0.50 0.60 0,22-0,62
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Capacity is determined by the choke zone

By tuning the crusher operation production efficiency can be
improved. Throw, Speed and Chamber Selection

The Particle Shape can be improved by moving the reduction to
earlier stages in the plant and selecting correct CSS

Process Capacity and Crusher Capacity must correspond
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It is easier to crush short fractions than long fractions.

Longer fractions results in higher crushing pressure and better
particle shape.

Single particle breakage requires lower crushing force compared
to inter particle.

The effort put in to optimization will repay itself quickly

The Crusher Performance Map can assist your operator with
maintaining efficient production
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