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SUMMARY

In the light ©f the reéuirement for a controllable and
reliable extrusion plant for preforming variocus types of
inorganic‘pigment into spaghetti shape onto a convective band
 dryer to facilitate drying, a study of the preforming method
currently in use by the sponsors hés revealed that the screw
extruder being used cannot perform this function saEisfactorily.
The maih reason being the thixotropic nature of the pigments.
They dé not readily tolerate mixing or working; ﬁhich is
inherent in the screw extruder, This necessitated a study of
other preforming methods.

. The thesis reviews the available methods of preforming,
existing theories on extrusion of material, and various extruder
concepts genefated during the initial stages of the project.
The concept chosen is discussed. A mathematical model based
~on test results carried out on a Laboratory model of the
chosen extruder concept and the complete design of the full
scale extrusion machine, together with its charging units and
the plants' control system is presented.

An analysis of fhe performance tests carried.out on the
new plant is discussed.
- . The thesis concludes with a comparison between the new
plant and the screw extruder in current use regarding their
pexformances and product qualities. Proposals for further

work and test are also made.,

(1i4)



U oW o W
& O ™= >

o
o

| = éF

I

o=

Ly .

HP

i

i

" NOTATION

Extrusion cylinder cross sectional area
Extrudate cross sectional area
Extrusion cylinder diameter

Extrudate diameter

Barrel diameter

Hole diameter

Length of zone 1
Extrusion pressure

Pressure behind the piston

. Pressure at the beginning of the dead Zzone

Pressure at the die

Atmospheric pressure

VLength of die hole

Cohesive yield stress
Half angle of cone (dead zone)

Coefficient of friction

Extrusion ratio défined as the ratio of the extrusion

Him

mm
MPa
MPa
MPa
MPa
FiPa
fim

MPa

cylinder cross sectional area to the total cross

sectional area of the die holes
Low pressure pump

High pressure pump
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INTRODUCTICN

In 1977 The Engineering Design Centre of Loughborough
University of Teéhnoloéy (L.U.T.) was asked by Blythe Colours
Limited, Kidsgrove to investigate the performance and hence
product quality of the process they werelusing for the pre-
forming of their cadmium based pigments. The investigation

“and evaluation would lead to the preparation of a product spe-
c;fication and the design for manufacture of an equipment to
supersede the existing extruder if need ke,

Cadmium based pigment is normally processed in two stages.
In the first sfage the cadmium precipitate is pressed in a
filter press where excess water is squeezed out after it has
been washed.  The cake formea there of is taken into a pre-
former in the form of a screw extruder where it is preformed
onto a continuous band dryer where it is dried (see Fig. 1l.1).
At this stage of production the material is called "unfired
pigment", In the second stage of production the dried pigment
from the dryer after the first stage is passed through a high
temperature oven where it is_fired. After this stage of
production the pigment is known as "fired pigment". The fired
pigment is sent back to the filter press for washing after
which it is again preformed and driea. In general the unfired
and fired pigment paste respectively contain about 45 to 50
and 25 to 35 percent water prior to extrusion or preforming.
I¥ is essential to preform the paste into spaghetti like shape
to facilitate drying in a fOrced connected band dryer where
the water content is reduced to below one percent by weight.
| To this end between January and September 1978 the

Engineering Design Centre of L.U.T. commissioned a team of
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postgraduate students on the Mastgrs design course to invest-
igate the problems involved in the pigment production and
design if need bé a néw plané to meet the Company's require-
ments. The authorwas a member of this team. Tests were carried
out on various pigments in production at the company by the
team. It was observed that the main reason why the perfor-
mance of the screw extruder is unsatisfactory is that extru-
sion pressure is applied only to that portion of the material
actually in the barrel of the extruder and in consequence any
local zones of inhomogeneity in respect of water content of
the material affects the quality of the extrudate leading to
. poor drying. .Zones of excessive wetness will bé extruded as
a flowable material or even as_siurry thus blocking the air
passages on the conveyor belt and in conseguence not.being
. properxly dried. A zone of excessive dryness on the other
hand, will tend to block the holes of the extruder. Also due
to the inherent high shear, high mixing effect in the screw
‘extruder it causes the material to coalesce because of its
thixotropic nature, |
After analysing the problems and studying other available
;extrusion equipment it was decided that the best way to over-
comé the abdve problems was to use a preformer in the form
of a ram extruder. However, from the study of existing
methods of preforming in those industries processing fluid
materials of medium to high viscosity such as plastics, food
stuffs, clays, the screw extruder ié widely used.
various concepts based on the ram extrusion principles
weré generated as discussed in Chapter 4. A detailed eva-

(L.

luation of the concepts is given in



The author took over the project in January 1979 with a

view tO carrying out further studies of the pigment in precduct-

1

ion at the sponsoxs works, the designing, manufacturing and

commissioning of a complete equipment with the following

respohsibilities:

(a)

(b)
(c)

(a)

(e)

(£)

(g)

{(h)

design and construction of a Laboratory test facility

for the determination of the force required to extrude
various pigments in production, using a ram extruder;
theeretical and experimental.analysis of the ram extruder;
formulating a system configuration within the constraints
impoéed by existing ancillary equipment;

the design of the complete extrusion plant, i.e. the
extrusion machine, its material transfer unit and the
system control unit;

the provision of detailed drawings and process specifi-
cation to the manufacturer of the plant, the supervigion
of and technical liaison with the manufacturer on behalf
of the sponsoring company;

supervision of the installation and commissioning of the
equipment at the company's works at Kidsgrove and later.
at Stratford in East London;

preparation of'maintenance manuéls;

testing and evaluation of the complete installation.



CHAPTER 2

 PROJECT OVERVIEW
In this chapter the initial work carried out by the
project team ( the author et al} is presented, the full detail

1)

of their report is given in( e

2.1 INFORMATION SEARCH
Early in the project, following a careful study of the
existing preformers used by the sponsoring company the team
decided that there are two areas needed to be studied.
(1) a general investigation of equipment available for pre-
forming of viscous fluids and wet particulate material;
(2) a detailed investigation into the behaviour of viscous
fluids and wet particulate material during the pre-
forming process.
In carrying out_the first investigation, the search area
was divided into sections, viz:
(L) Type of extruder in use.
(ii) Industries using extruders.
(iii) Materials normally extruded.

(iv) Effect of the extrusion process on the éroPerties of

the ﬁaterial being extruded.

“The outceme of the investigation showed that the equipment
uséd for producing preformed viscous fluid and wet parti-
culate materials may be divided into three basic types:

(i) Direct preformers.

{ii) Positive displacement pumps.

(iii} Extfuders aﬁd other devices where pressure is built -
up through shear flow, intermittent suction, and

centrifugal action.



MECHANICAL

PREFORM

Comparison chart for preformers (1)

FIG TYPE WORKING PREFORM FEED MANUFACTURING
* or X~-SECTION LENGTH SYSTEM PRECISION
2- MATERIAL
1 Granulator Considerable M‘Mgifige Short Continuous Low
2 Extruder Considerable M:giige Short Continuous Low
3 Gear Pump Considerable Any shape Any length Continuous High
4 TWin screw
Extruder Considerable Any shape Any length | Continuous High
5 Ram extruder Low Any shape any length Batch Medium
6 Ram pump Low Any shape Any length Continuous High
_7 Per;i;gltlc Moderate Any shape Any length Continuous Medium
8 Single :
Screw Considerable Any shape Any length | Continuous Medium
Extrudexr '
TABLE 2.1
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FILTER CAKES OF UNFIRED PIGMENTS

SHADE CODE COMP SPECIFIC GRAVITY MOISTURE CONTENT
g/cc '
Pure Yellow Y37 cds 1.65 47,9%
YOl 1.78 48.6%
Pure Primrose PO6 . 1.72 49, 8%
P91 cds.Zns 1.66 53.2%
Lithopones L.CO ) 1.92 45.9%
_ 102 )Cds.Zns.BaSO4
L57 cds.NaSO4 1.66 48,.1%
Increase in cds
Orange RO1 1.78 50.0%
RO2 l.65 49, 7%
Light Red RO3 4 1.90 44,73
Medium Red RO4 Cds.Cdse 1.80 46.1%
Deep Red ROG 2,0 42,5%
RO7 | 1.88 46.5%
M 96 1.28 46.5%
aroon M2 Increase in Cdse .
M59 1.72 51.7%

 “TABLE 2.2

Material properties, unfired pigments




FILTER CAXKES OF FIRED PIGMENTS

 SHADE CODE comp™ SPECIFIC GRAVITY | MOISTURE CONTENT
g/cc
X777 ) 2.36 - 25.4%
Pure Yellow Yol y cds 2.50 28.9%
PO6 ) 2.54 24 . (%
Pure Primrose P91 ) cds.Zns 2.38 26. 1%
LOO ) 2.50 23,.8%
Lithopones LO2 ) cds.Zns.BaSO4 2.32 24.9%
L57 cds.BaSO4 2.38 26,2%
Orange ROL1
Tncrease ‘1.92 36. 3%
Orange RO2 in cds 2.04 33.1%
Light Red RO3 i 2.05 33.1%
Med. Red RO4 2.17 30.7%
RO5 cds.Cdse 2.38 27,23
Deep Red ROG * 2.27 28.9%
RO7 ‘
M59 in cds 2. 50 26. 9%

TABLE 2,3

Material properties fired pigments

- o1~
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Sketches and brief descriptions of typical devices
belonging to the above categories are shown in Figs. 2.1 to
2.8. The granulator and the Roller type extruder, Figs. 2.1
and 2.2 respectively are direct preformers. The Gear pump,
Twin screw, Ram pump, Simple ram, and the Peristaltic, Figs.
2.3, 2.4, 2.5, 2.6, 2.7 respectively are positive displacement.
The screw extruder, Fig. 2.8 belongs to the third group where
pressure is built up by shear flow.

From Table 2.) it is seen.that most of the currently
used methods of preforming tend to mix the materials, ofteh
éxcessively. | |

Since the material is inhomogenous, thixotropic, i.e
would not tolerate excessive mixing, Investigation of other
methods in which mixing is at a minimum was found necessary.

. A form of ram extruder was chosen as the basis for a
new design.

An information search of the physical and flow character -
istics of cadmium pigments revealed diéappointingly that
~ such information was not available. It was decided therefore
.that a test programme be carried out to resolve areas of

uncertainty.

" 2.2 MATERIAL PROPERTIES

- Information relatiné to the material chemical composition,
density, specific gravity and moisture content, as supplied
by the sponsors is shown in Table 2.2 and 2.3.
Information relating to the rheological properties of
clay - water materials and the behaviour when subjected to

an extrusion process were found in{2) -
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A small scale ram éxtruder was built to enable the team to
determine the bulk flow propertieé of pigments. Tests were
also carried out to determine the shear stress and angle of
friction of the material in the line seﬁ out in(3) and(qf

Test results for the small scale ram extruder are discussed

ih Chapter 3.

The cbserved shear stress are tabulated in Table 2.4
together with their $est methods.

It was observed that the shear stress (ér cohesion valve)

of the pigment increases with compaction pressure,

2.2.) Conclusion

A series of tests were carried out on the ram extruder
model by the project team. From the test results obtained

the following conclusions were drawn:

(1) Thét the extrusion force required to extrude various
pigments at-the same extrusion rate and extrusion ratio
depends on their yield stress i.e. an increase in the
latter is accqmpanied by an increase in the former,

(see Table 2.5).

(2) That some pigment particles absorb and retain water which
is gradually squeezed out dﬁring-extrusion process, Thus
there is a controlled fléw of die lubrication, (see Fig.
2.%a). This type of pigment (e.g. unfired yellow)
reguires lower extrusion force.

(3) Other pigmént particles are non-absorbent and.ail the water
is contained between particles.- Thus during extrusion
the water drains away readily and only part of it is

available for die lubrication, (Fig. 2.%bh) an example
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PIGMENT
PRESSURE p OR

AVERAGE VALUL

FOR COHESION :
MATERIAL CONDITION OF _ TEST METHOD
PIGMENT 2 2
KN /m 1bf/in
U/F Yellow Uncompacted 17.5 2.54 Weissenberg
Rheo'meter
p = 14 kN/m2 22.7 3.3 Shear Box
‘ p = 43 kN/m2 34.8 5.0 Shear Box
p = 56 kN/m2 40.9 5.9 Shear Box
p = 67 }N/m® >40.9 | 5.9 Shear Box
Slightly’ compacted 43 6.2 Lab. Vane
U/F Red Uncompacted 27.6 4.0 Welissenberg
Rheo'meter
U/F Lithopone Uncompacted 97 | 14.0 Lab. Vane
Fired Lithopone Slightly compacted 11.5 1.2 Lab. Vane

TABLE

2.4

Experimental Shear Stress. values for Pigments (1)

Shear Stress R .
- Extrusion Rate Extrusion
MATERIAL from Tests and Die Aperture Force
- p A
KN/m? Ibf/in? | (PO mm Dia.Ram) xgf.| 1bf
Fired Lithopone 11.5 l.2 120 mm/s; 5.5 mm 95 209
U/F Red 27.6 4, 120 mm/s; 5.5 mm 120 264
U/F Yellow 43 6. 2 120 mm/s; 5.5 mm 160 | 352
U/F Lithopone 97 14.0 120 mm/s; 5.5 mm 300 660
TABLE 2.5

Shear Stress/Extrusion Force Relationships (1)




(4)

(5)
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of this type of pigment is the £fired red pigment.
Electromicrographs of sample pigment are shown in

Fig. 2.10+

‘That a better quality of extrudate, i.e. better texture,

homogeneity; extrudate continuity and beam strength, is
obtained at.higher extrusion rate. An extrudate velocity
of around l20mm/sec. from a 5.5 mm diameter hole suits
all the pigments tested.

That the extrudate producéd at around an extrusion rate
of 120 mm/sec. has a_better_surface finish than at lower
or higher rate. Good surface finish of the extrudate

results in less dust formation during drying.

2.2.2 Hypothesis

The following hypotheses were developed by the author

during the test period:

(a)

(b) -

That, when extruding wet pigment thfough a die, at some
extrudate velocity, liquid will start to migrate through
the material to 1ubridate the interface between it and
the die, see fig. 2.1la. This is by virtue of "capil-
lary pumping action", see Fig. 2.11b.

That there exists a range of extrudate velocity for
which the force required to maintain extrusion is minimum,
That is, as the extrudate velocity increases from zero,
the extrusion force drops until the minimum force zone
is reached. After’this range, the'ektrusion fofce
starts increasing.

The minimum extrusion force depends upon:

(1) The actual pigment being extruded.
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(ii) Its moisture content,
(1ii) The extrusion ratio.
(iv) Extrudate velocity.
The sécondlhypothesis was verified by the author and is
discussed in Chapter 3. The first hypothesis could not be

verified due to the time constraints and instrumentation involved.

2.3 DRYER TEST

The dryers used . by the sponsors are supposedly a through
circulation dryer. The essential features of a through circu-
lation dryer is the passage of hot air through a permeable bed
of wet material which passes continuously through the dryer.

A description of-the‘dryer is given in Chapter 4.

Although the project did not include the design of a
dryer; it was felt that since the new preformer to be designed
will have its products dried in this manner, it was necessary
to become familiar with:

(i)- the drying mechanism involved in reducing the moisture
content of particulate material;
{(ii) the performance.of the existing dryer.

A model of the dryer constructed was based on the work of
Nonhebel and Moss(S);. Tests were also carried out to evaluate
the performance of the dryers.

Various observations made during the tests are given iél)

and the conclusion drawn is as follows:
"(i) That the dryer is not operating as a‘through circulation
drye; bu£ as a continuous tray dryer.
(1i) That the f#n capacity is too low to generate enoﬁgh

presshfe'head to force air through the band.

(iii) The perforated plate through which air is discharged onto
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the band is, if.anythingr acting as a diffuser and does
not create the mass velocity effect required.

(iv) The temperature above the band is too high and can be
harmful to the pigment. A maximum temperature of 80°c
is preferred.

(v) The high humidity of the almost stagnant air above the

band has an adverse effect on the dryer efficiencyQ

2.4 MATHEMATICAL MODEL OF THE RAM EXTRUDER

A mathematical model to describe the behaviour of pigment
during extrusion was developed by the team and is discussed in
Chapter 4..

\

2.5 EQUI?MENT SPECIFICATION

The team prepared an initial product specification which
was presented to the sponsors for their approval. This speci-
fication was later revised and modified by the author. The

final specification is given in Appendix 'A'.

2.6 CONCEPTUAL DESIGN

Following agreement of the product specification with the
sponsors, various concepts of preformers (twenty-one in all)
were generated. These concepts were then evaluated using matrix
techniques: ., The ram extruder concept was chosen and the
work done by the team in its development is discussed in
Chapter 4.

The team work copdluded with the consideration of various
approaches based upon the ram extruder concept. This work,

being minimal and ' inconclusive due to the course timescale.
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" CHAPTER 3

PROCESS ANALYSIS

In carrying out detail design, safety factors used in
design Ealculation are then recognized as beilng too large and
probably add unnecessarily to the’product.cost. Very often,
safety factor c&des aictate the practice. However, even Qhen
no code applies as in this case the designer loathes to reduce
his section dimensien' arbitrarily., This is particﬁlarly true
if his design is based on principal forces and safety factor
has been covering the influence of unknown or ﬁnstudied seéondary
forces.

From the literatufe survey carried out it wés disappeinting
to note that there were no published matter dealing with the
extrusion of pigments or like materials. This being the case
it was considered not only worthwhile but essential.to carry
out both a theoretical analysis of the ram extrusion pro&ess
and an experimental analysis on a prototype ram extruder, This
would enable the deduction of logical rules for proportioning
'the important parts that make up the extruder, These rules can
then be applied in selecting a judicious safety factor thus
minimizing weéight, cost, complexity of form and improved
reliability.

There are in reality tworimportant parameters to be
ascertained: |

(i) the forces required to extrude various grades and

colour of pigments; and .

(ii) the pressure distribution within the chamber from where

it is being extruded.
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3.1 THEORETICAL ANALYSIS

Analytical work in the field of ram extrusion of pigment
or like material could not be found. This might be attributed
to the fact that these materials are almost exclusively processed
using the screw extruderé.

Experimental study encounters inherent limitations in the
absence of adegquate theorétical support. Such support is pro-
vided in this section of analytical approach to the study of
the raﬁ extrusion process of pigment particulate.

In all extrusion processes the pressure required.to extrude
is usually the sum of ﬁhree terms:

Po= £(¥) + £(n) + £(C) |

In the case of pigment Y can be termed the cohesive stress
of the particﬁlate mass, p the coefficient of friction' between
particles and the walls'of thé extrusion chamber and C is the
geometrical factor that is essentially defined in terms of the
piston and die configuration.

The structure of the pigment influences its cochesive
stress. The coefficient of friction depends on the water content
of the pigment; its chemical and physical characteristics. The
geometry of the extrusion chamber and the die will largely
détermine the constraints that are imposed upon the material in
éltering its shape and therefore determines the manner in which

it fldws.

3.1.1 Work and Pressure for Homogeneous Deformation

By considering the elemental work done in deforming a pre-
compacted slﬁg_of pigment from its original form and then inte-

grating this over the whole deformation region, the force reguired
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to carry out the deformation assunming a uniform deformation in
the absence of friction and ?ie constraint woula be obtained.
If the compacted pigmeﬁt has an instantaneous yield
stress Y at the straln € corresponding to an appropriate cross-
section area‘a and length £, the increment of work done in
increasing the length of the specimen by 6% beyond this strain

is given by the product of force and displacement

W = (Ya)se

The increment of work done, per unit wvolume V is:

ﬂ:ﬂ = Y§-&
v ak [

Assuming that the volume remains constant we may integrate

this expression betweén the original length 25 and final length 23

W o das
2 J ¥ =z
Lo
N e
- “ .
[ 1 1
Area a
Area A
l Initial Form Final Form —

" FIG. 3.1
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This gives the result that the work done per unit volume in
homogeneous deformation is equal to the area of the stress -
sﬁrain curve, between the appropriate strain values. This
result was also ébtained by Siebel andxFangmeier(lG) and‘G.Sachs
and W, Eisbein(l7) for metals. |

The integral may be eﬁéluated directly from the dimension

change, assuming an average yield stress Y.

%1
W o_ oo ar = o 21
v.—YJ. 'E— an'!—’—
[} 0
o]

If A was the original area of the slug and a, the final

area after deformation:

tben v = Azo = alll
. El A
[} . —— 'a—
% 1

Substituting in the equation for W/V we have:

W A
v Yf,n al

In the extrusion process this work is done by a force or
. pressure pushing the material through the die, if this force
is PA where P is the force per unit area causing extrusion to

take place, then

W = P A£° = PV
¢ _ W
« « P = v
- :-:wri’ -t:-— . . » . e = . ‘?T','.-. e _ol‘ - ‘l’
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Although the coefficient of friction between material

particles and extrusion chamber wall may be reduced to a low

value due to the'presence of waﬁer in the material, it is

clear that the extrusion. process will always operate with some

caistraints imposed upon the flow of material by the die and

thus cannot be homogeneous.

The result of the shear box test carried out by the author

et al(l) on unfired yellow pigment, Table 3.1 indicated that

the yield stress of the pigment increases with increase in

compaction pressure. The rheological test result, Table 3.2

Normal stress Shear stress
.fc = P/A = F/A
P (N) F(N) -
2 2, 2 -2
(kN/m") (lbf/in"™) (kN/m"™) (ILbf/in")
9.5 15 14.4 2.1 22.7 3.3
28.5 23 43.2 6.3 34.8 5.0
37.5 27 56,8 8.2 40.9 5.9
TABLE 3.1

Results from Shear Box Tests, (for Unfired Yellow Samples) (1)

Material Tested

Unfired Yellow Unfired Red
Strain Test
Rat D ti
? (g-l’ ufg) on Shear Stress Shear Stress

xti/m2) | (bf/in®) | (v/m?) | (1b£/in?)
0.017 60 18.7 2.7 37.3 5.41
0.167 60 18.8 2.73 26.0 3.75
1.670 GOI 17.0 2.47 19.5 2.82
16.670 60 15.4 2.23 - -

TABLE 3.2

Results from Weissenberg Rheologcniometer Tests (1)
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shows that the yield stress.is also strain rate dependent.
Thus the iéeal equation (1} above cannot be appliéd, since the
functional relationship between the pressure, strain rate and
yield stress is not exactly known.

To involbe the effect of friction and inhomogeneous deform-
aticn in the ideal pressure‘equation it can be assumed that
dgring an extrusion pfocess, the drop in power required during
the extrusion of long billets is .ascribable entirely to reduced

friction between the compacted pigment and the wall of the

extrusion chamber, (see Fig, 3.2); the additional force that.
‘Dead

| Zone

p ' Po

Extrusion Pressure

e e e — —am— —

) X

Piston displacement from die

FPIG. 3.2
(Typical preééureiéu;VQa,for extrusion of pigment)

this entails can be evaluated as shown below.
If a thin slice of the compacted pigment, of area A and
thickness dx (see Fig. 3.3), is in eguilibrium, then the force

on the face nearest to the ram equals the frictional force

~acting at the cylindrical surface plus the force on the = ‘-
I .
opposite:face i.e. . Adp = 7Ddx. uP

v
%

where P is the pressure, D the diameter of the compacted pigment

and u the coefficient of friction between the;?igment:concerned.
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yi

] /AP

Dead zone

FIG, 3.3

Single die direct extrusion

nD
= TR

. Audx

D _ _
on integration over the length L of the pigment excluding the

Hence

ol

dead zone, this gives: .

P = Po expLQuL/D) cessees (2)
where P is the maximum pressure, at the beginning of exfrusion,
and Po the minimum pressure, given by the ideal equation 1 above,
(see Fig. 3.1). From the experimental pressure/piston displace-
ment curves obtained (see Figs. 3.10 to 3.17) tﬁe curvature of
the_line joining P and Po (Fig. 3.2) is small, and can be approxi-
" mated to a straight line of slope represented by the tangent
to the exponential curve at the maximum piston travel excluding
the dead zone, then equation 2 becomes: |

P = Po (l +‘4—101'I"') ----occ- (3)

In arriving at equation 3 it was assumed that the pressure
ﬁ)——\‘
acting on the extrusion chamber wall Pt is equal to the mean
axial pressure P inside the undeformed compacted pigment, however,

experiment by the author et al shows that it is less than the
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latter, but that the pressure acting on the chamber wall ‘R is
related to the axial pressure by: |
P = Kp |
where Kis the raeio of the transverse . to axial solid pressure.
Equation 3 is then modi.fied to:

P = Po (L + 4“““} ceveeee (4)

Again tests have shown that the coefficient of friction
u for each pigment varies with extrusion pressure (see Table
3.3) for soﬁe plgments,

The fact that the- yield stress and the coefficient of
friction are both dependent on the extrusion pressure and the
lmaterial being extruded prompted the author et al to formulate
other mathematicel models based upon a power equation. The
matefial within the extrusion chamber was divided into three .
zones; {see Fig. 3.4). The erea in which the material is
noving parallel to the extrusion chamber wall is labelled zone 1;
and the area where the material deforms to pass through the'die |
hole is labelled zone 2. In zone 2 deformation or reduction:
of the cross sectional area takes'place and a part of the
material becomes stationary behind the die {dead zone). Finally
the material flows into zone 3 to emerge as extrudate.:l),

' as derived in ,
The equations for pressure in each zoneAfor materials

with coefficient of frict;one 4 = Kpn are

- D2 -1/n .
X Po = PB (l - %%%11—6— £f {(In -——) PB) eaes (b)
B n_ . LD _ ge. X_ AKnf(L-X X,
PE = (P, "-4Kn 5D - 4Kn g~ Dl"Dz ) eer {0
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Approximate

"Priction/ Approximate
- pressure pressure at value of
Material relationship which u became | constant u
' ' constant '/ :
2
bar 1bf/in
Unfired Red u=0.32p 0112} 3 45 0.16
Fired Orange u=0;43p-0f228 4 60 0.1
Fired Yellow u=1.68p 07 | 5 75 0.09
Fired Red p=1.75p O+ ? 5 75 0.04
Unfired Yellow u=2,316p 984 - 105 ' 0.05
Unfired Lithopone |p=  6p 1°%%| 8 120 0.04
TABLE 3.3

Friction/Pressure relationship

(1)

L .
X
A
_EE*,
Pt Dl
| _
Zone 1 Zone
il
) ! AL
(2
FIG. 3.4

Mathematical Model for Ram Extrusion

Dead zone

(1)
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for materials with u = constant, C (e.g. fired Orange and

unfired Red pigment) the pressure equation were also derived as:

— 4 . 4C
‘ LnPB - ﬁnPA. + "5"-2"’ I.-D N NN N ) (d)
.. 2cE Dy -
f.nP = 'EnP + — n l T et e (E) N
C B tan Q, BE~ \
i ACX 4CLD . ACE _ Dy
RnPE = _LnPA. + DL + --]5-2—- +‘(—ﬁl_ Dz) (L X) LnU:’z ses {f)

The variable 'f' in equafions (b), (c), (e} and (f) were
found empirically for the pigments as shown in Table 3.4.'

The complexit& of these eguations ié obvious. Five cons-
tants C, £, K, n and ¢ have to be‘determinéd for each pigment,
this will obviously decrease the accuracy of the resulté
obtained when it is applied in practice. Extrusion pressures
obtained using the above equation varies from between 45% for
single hole die to 300 per cent for multiple hole die ram
. extrusion process.

‘Since the proposed ram extruder has to have multiple hdle
dies it was considered essential to determine a more acceptable
nodel . |

Work by Johnson and Kudo(T) and Shappard and Greésley(a)
shows that direct extrusion process can be represented by
the equation: |

P = a+bInR  .iceacas (5}
where P is the maximum ext&uéidn pressure R the extrusion ratio,
a and b are constants that reflect upon the extrusion speed,
die contour, 1ubfication and othér properties particular to
the material being extruded.

Johnson and Kudo(7) derived the eguation using slip-line

field theory whilé Shappard and Greasley(s’ derived it empiricallv.
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Purchase and Tuppercg

) obtained a curve (see Fig. 3.5) which
can be represented bylequation (5). |

Although equation {5) is strictly empirical it has its
origins in slip-line field theory and has the advantage that
it is relatively simple to manipulate and the constants can
be derived easily. It is interesting to note the resemblance
of equaﬁion (1) to equation (5).

The results obtained from. equation (5) are claimed to
have an acéuracy of about 10 per cent except for ex trusion
ratios below about 4 (4n R = 0.4) where pressure is propor-

tional to R and not &n R.

The applicability of eQuation (5) was verified and the

values of the constants a and b were derived for various pigments

as discussed in the next section-

u=_c u = kp®
MATERIAL £ MATERIAL £
Fired Orange’ 6 Fired Red 14
Unfired Red 0.35 Fired Yellow 13
Fired-Lithopone 4.2
Unfired Lithopone 7
Unfired Yellow 2.8

" TABLE 3.4

tf' Pactor for various materials
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Comparison of theory and experiment in plane
strain extrusion of lead with wvarious reductions
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Effect of extrusion ratio upon pressure required

for extruding various materials through a 90° gdje
(Wilcox and Whitton, J.Inst Metals Results for steel
from Pugh et al Sheet Metal Ind.)}
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3.2 EXPERIMENTAL ANALYSIS

3.2.1 Extrusion

Extrusion tests were performed on O.SVMN Avery compression
testing machine in the Department of Civil Engineering at the
Loughborough University of Technology.

.Fig. 3.7 shows the test rig. The extrusion cylinder has
a boxéd rectangu;ar top which supports it on four I beams as
shown.:: On the closed end of the cylinder 17 holes are drilled
and tapped such that suitable die sleeves can he screwed into
them when needed, otherwise the holes are plugged off using
suitable plug screws. This arrangement enables the extrusion
ratico R to be varied withoﬁt having to change the die plate.

Tests were carried out for extrusion ratios of between 51 and 414.

The compression tester is equipped with a Sangamo load |
cell which was connected to the Y input of a PHILLIPS X-Y recorder
type No. PM8141. The piston displacement was monitored by dis-
placement transducer (Fig. 3.8) which was built by the author
using a resistance wire. The wiper of the transducer was
connected to the X input of the recorder,

. The extrusion speed, which governs the prevailing strain
rate, was controlled by setting the pacer velocity on the

compression tester.

".3.2.2 Pressure/extrusion rate.diagram

The second hypothesis stated in section 2.2.2(b) waé
verif;ed using unfired yellow pigment at various piston speeds
(extrusion rate) between 17 mm/min and 140 mm/min. with an
extrusion ratio of 103.

The plot of the extrusicn load versus extrusion speed is
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shown in Fig. 3.9. It was found that there was a range of
speeds in which the extrusion load is minimum as was originally
believed. At very high extrusion speeds the extrudate exhibits
poor surface quality characterised by the fir-tree surface
defect. Extrudate of this type are not very suitable for

drying as they crumble inside the dryer and turn into dust.

3.2.3 Extrusion pressure requirements

The results of previous workers as stated in section 3.1
shows that the extrusion process can best be described by the
logarithmic law relating pressure and extrusion ratio. They
used the pressure at the end of the extrusion stroke as the
pressurc parameter since this eliminates the contribution due
to friction. This law was verified for various pigments. A
mininmum of four tests were carried out at extrusion ratios of
414, 207, 103 and 51 respectively with the piston speed set
to give an extrusion rate of 120mm/sec, in each case using a
square edge die.

The load displacement output traces obtained from the
recorder are shown in Figs.3.10 to 3.17.

Each trace can be divided into two regions, the compaction
region and the extrusion region. In the compaction region there
is a linear increase in load until the stock in cylinder attains
its extrusion density, after which the load drops or remains
constant depending on the pigment being extruded.

The extrusion region can be sub-divided into two 2zones;
zones 1 and 2 (Fig. 3.4). Zone 1 is the normal extrusion zone
in which the material movement is parallel to the container

walls. Z2Zone 2, the dead zone is close to the die in which



area reduction takes place. When the piston enters zone 2,
the extrusion load starts increasing as the piston continues
to destroy the conical dead zone formed by the material.

As it is essential on the full scale machine to extrude
virtually all the material in the cylinder, the pressure at the
end of the stroke mm from the die face was selected as the
maximum extrusion load that will be required.

The logarithmic law curves for the various pigments
investigated are shown in Fig. 3.18 and the equations of linear

fit obtained are given in Table 3.6.

Pigment Type Relationship P = a+b &4n R

RO5 Fired P == 2030 + 107 &n R

M59 Fired P =- 2632 + 114). 2n R

RO1 Fired P = - 2457 + 1000 &n R

L 8 ¢ Fired P =- 1092 + 518 i&n R

PO6 Unfired P=0 + 259 &n R

RO1 Unfired P = 784 + 98 &n R

Y77 Unfired P= 210 + 93.1 2n R

RO4 Unfired P = 686 + 322 &n R
TABLE 3.6

These equations are applicable to extrusion ratio above 12.

3.3 CONCLUS ION

Figure 3.18 shows that the extrusion pressure is in fact
a function of &n R as in conventional extrusion prccess.
Figure 3.9 shows that the extrusion pressure varies with the
speed of the piston. It is accepted that during conventional

mechanical working there exist a relationship which shows that

the yield stress of the material (and hence the extrusion pressure)

increases as the strain rate increases. -



Figure 3.18 shows that there is less increase in
pressure with increase in extrusion ratio for the unfired
pigments as compared with the fired ones. This is in agree-
ment with the original work carried out by the author et al(l)
suggesting that more redundant work is recuired for the non-
absorbent fired pigment particles. The non-absorbability of this
grade of pigment results inevitably in the water originally
contained in the pigment draining away during extrusion, not

being retained in the body of the pigment, contributing little

to the slip plane lubrication.
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CHAPTER 4
THE DESIGN OF THE EXTRUDER
The fundamental requirements for a plantwhich extrude
pigment as requested by the sponsoring firm are as follows:
(i) That the degree of handling of the pigment be minimum.
(ii) The emerging extrudate from the extrusion plant should
be of good quality.
A good guality extrudate being one that has the following
attributes. s
(a) Good beam strength, thus making possible the formation
of uniform bed depth and good air passage on the band
dryer.
(b) Homogeneous, compact internal structure that allows for
rapid migration of water during drying.
(c) Good surface finish that minimises dust formation on
the finally dried material.

“(d) Good "colour strength". "Colour strength" is a measure
of the amount of pigment required in the base material
(paint or plastics), to satisfy the precise colour require-
ments of the customer. "Colour strength" can be adversely
affected by excessive mechanical working and excessive
drying time and temperature all of which tend to alter

the pigment structure.

4.1 ANCILLARY EQUIPMENT

"In this chapter the approach has been to examine all
ancillary equipments currently being used in the pigment product-
ion process and to outline the constraint they impose on the
new design, and from this to determine a suitable overall

system configuration.
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4.1.1 The filter press

The filter press is used to wash and filter pigment slurry.
The press is as shown in Fig. 4.1. The basic structure of the
filter bress comprises a fixed end, crossnut unit, deep section
side bars, a-moving end casting which closes the the press pack
tight and runs on the side bars.

The press pack which can consist of either plates and
frames or recessed plates is carried on the side bars and
supports the filter media.

The press is filled by opening a set of valves which allow
pigment slurry into the filtering chambers. After the chambers
have been filled, filtration commences and the cake builds up
in the chamber. All valves are then closed and a wash liquor
is allowed in’ through the appropriate valve. At the end of
the wash cycle the wash liquor is allowed to drain away.

The washed filter cakes are knocked off the plate pack
into skips, Fig. 4.1, placed under the pack and then transported
to the extruder/dryer.

The daylight between the frame and ground varies from

0.8 m for Johnson filters to about 1l.1lm for the Fletcher filters.

4.1.2 The drier

The dryers in use at the sponsor's plant axre through
circulation dryers purchased from A.P.V. Mitchell of Carlisle.
This type of dryer is popular in situations where the gaterial
to be dried has a constant output from a preforming device.

The dryer is built in modules. Each niodule consists of
a high capacity centrifugal fan, steam heating coil and air

inlet grill. A number of modules are joined together to make

up a dryer in which a conveyor band is driven.
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Fresh air is drawn into the drying chamber through inlet
ports disposed along the dryer as shown in Fig. 4.2. At the
entry end of the dryer is positioned one exhaust fan for
exhausting the humid air to atmosphere.

Between the drying chamber and the delivery end is located
a dead zone where an extract fan is positioned to extract dust
from dry pigment before they are delivered.

The height of the conveyor band at the inlet port varies
between 2.0 metre and 2.1 metre for the four dryers in use at

the sponsors' work.

4,.1.3 The screw extruder

This is an indirect or viscous-drag type of extruder.
It develops ektrusion pressure by viscous drag and therefore
modifies the characteristics of the extruded product.

The pigment is fed from a hopper through the feed throat
into the channel of the extruder. The screw rotates in a
barrel., Four extruder barrels are arranged in such a way as
to give an acceptable spread of extrudate onto the band dryer.
They are all driven from a single motor through a speed
reduction gear. The backward thrust of the screws are absorbed
by a thrust bearing.

As pigment is conveyed along the screw channel, it is
simultaneously subjected to mixing and shearing. When close
to the discharge end i.e. near the die, it is at a high pressure
and finally it is discharged out of the die onto the conveyor

belt.
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4.2 DESIGN CONSTRAINTS

Ancillary equipments such as the dryer and the filter
press impose certain constraints on the system configuration
and equipment design. These constraints are:

1. The dryer:
(a) The height of the conveyor belt onto which pigment is

extruded at the inlet port is on the average (for the
four dryers in use)about 2.0 metres. This means that
pigment has to be raised to this level bhefore or after
it is extruded. It is desirable to reduce the height
of the dryer but since other ancillary equipments used
in the process have been manufactured to fit this height,
£his objective cannot be achieved due to the huge cost
and long shut down time that would be involved.

Thus the new system must include a means of lifting
the pigment to this height.

(b) The maximum available area at the inlet port onto
which material can be extruded is 0.60 x 0.60 metre.
This imposes a constraint on the cross—-section of the
extrusion container to be used in the new machine.

2. The filter press:

Skips are used in transporting the filter cake from the
frames of the press to the extruder. They also serve as
holding containers leaving the press free for another
pressing/filtration operation to commence.

It would be desirable to knock down the cake directly
into the extrusion containers if a discontinuous process
is designed in place of the present system in order to keep

the discontinuity to a minimum. To achieve this the
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containers should have the maximum possible volume.
As stated above the dryer has imposed a constraint
on the containers' cross-section. Thus only the
containers' height can be maximized.

The optimum height of a container requires that
the daylight between the filter frame and ground be
increased. This cannot be done without high loss in
prdduction time. A detailed analysis of this constraint

is given in section 4.5.
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4.3 CONCEPTUAL DESIGN

In order to satisfy the product specification, the group
originally working on this project generated many concepts,
details of the concepts are given in(l). The decision matrix
used in evaluating the concepts indicated that those concepts
which are simple in appearance and in operation work the paste
less than those concepts that have complex features. This is
why concepts 1 and 2 (see Fig. 4.3) were selected. They are
basic. The pigment paste is pressurized and squeezed through
die holes by the linear movement of the ram. Their main compo-
nents are in line, thus the applied extrusion forces are also in
line. Hence, it is envisaged that these concepts will require
minimum development time and will stand a good chance of success-
ful operation against the performance requirements.

A 600 mm diameter ram extruder based on concepts 1 and 2
were presented to the sponsors in July 1978 as a result of the
constraints imposed by the band dryer width.

The sponsors agreed that the simplicity of the arrangement
was an obvious and commendable feature. They raised three main
points of concern:

(i) The feed system to the ram is discontinuous and a material
handling system has to be considered. The group explained
£hat the system proposed will operate one hour non stop.

(ii) That the design introduces a large pressure vessel into
the production process whose size would involve special
testing and insurance procedures. This was shown not to
be the case since high pressure is only experienced towards
the end of the extrusion stroke and the maximum extrusion

pressure will not exceed 4.8 MPa (see load/displacement

curves in Chapter 3).
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(iii) That the pigment transporting containers were likely to
be‘subjected to damage, not only from normal movement proce-
dures but also from occasional vigorous handling by
machine operators.

After the initial concept selection and presentation, the
group went into the detailed consideration of various means of
driving the ram. As stated above, a 600 mm diameter extrusion
cylinder was used with an average ram speed of 15 mm/min during
extrusion.

The machine then being developed was based on concept 1
(see Fig. 4.4) in which two cylinders were used. The top
cylinder A is the transporting cylinder, and the fixed cylihder
B, is the extrusion cylinder. Cylinder A has a sliding base
which is opened when it is being located onto the extrusion
cylinder B.

The group went into the detail design of the extruder by
considering mechanical drives (lead screw), hydraulic and
Pneumatic drives. At that time a mechanical drive was favoured.

The whole project was reviewed by the author when he took
over the project and the work done is detailed in the next

section.

4.4 EXTRUDER DETAILED DESIG!

When the author took over the project it was necessary to
review the chosen concept by the previous group working on the
projéct. As was mentioned in the last section (4.3) the group
favoured a mechanical (lead screw) for driving the ram and also

the use of the two container systems.

When all the control and allied equipment reguired for the
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implementation of the chosen concept were considered, it was
found that the cost of components involved was ‘at variance with
the target cost. The author then decided to consider other
alternatives.
The requirements of the drive mechanism then were:
(i) It should be able to deliver an extrusion pressure of
21 kPa.
(ii) It should have a working stroke of 2 metre.
(iii) It should be capable of being driven fast forward and
fast return as the system demanded and should operate at
a ram speed of about 15 mm/min during extrusion.
Before commencing the detailed design of the new plant
it was considered necessary to answer the following guestions:
(i) wWas the selected concept economically sound?
(ii) Would it be easy to manufacture and assemble?
(iii) How reliable would the plantlbe?
(iv) How easy would it be to maintain?
(v) Had the specification as agreed changed in anyway?
To answer these questions, alternative schemes that
fulfil the basic chosen concept within the framework of the

specification have to be considered and developed.

4.,4,1 Main drive

Before describing the alternatives drives considerecd the
mechanical drive favoured by the group is described.
The scheme was as shown in Fig. 4.5, and has seven main
operations.
(i) Lifting the transporting cylinder A to position.

(ii) Aligning cylinder A with the extrusion cylinder B.



- 59 -

FIG &-5

RAM DRIVE MECHANISM (1)

{2

FLYWHEEL EM
CLUTCH - CLUTCH

g 10

iy
@

O] | )2

A
TRANSPORTING CYLINDER

B
EXTRUSION CYLINDER




_60_

(iii) Transferring pigment from cylinder A into cylinder B
and compacting the pigment,
(iv) Extruding the pigment.
(v) Withdrawal of the piston after extrusion.
(vi) Removing cylinder A.
(vii) Lowering cylinder A to ground level from where it is

taken for refilling.

The transportation, lifting, aligning and lowering
operations are described in (l). To aid in the understanding of
‘the scheme a brief description of the transporting cylinder will
be given. This cylinder has the same diameter as the extrusion
cflinder B. It has a sliding base which is removed when it is
being aligned with cylinder B ready for material transfer.

When the cylinder A and its contents have been properly
aligned with cylinder B the fast forward/return motor (FRM) is
energised to drive the piston fast forward. This action transfers
the material from cylinder A to kylinder B,

This motor runs at 1440 rpm and drives the piston at a
speed of 2300 mm/min. It is coupled to the screw driving the
piston through a flywheel and a pneumatically actuated clutch.
This clutch is used to disengage the flywheel from the FRM motor
shaft during the piston withdrawal operation. When the piston
has moved 1000mm and the content of cylinder A has been trans-
ferred to cylinder B the motor is de-energised and the energy
stored in the flywheel is used in compacting the pigment.

When the material has been compacted the extrusion motor
(EM), which is coupled to the piston driving screw through a
triple reduction gear box, and another pneumatically actuated

clutch is energised to commence extrusion. The EM motor has an
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output speed of between 5 and 20 rpm. After the completion of
the extrusion operation the FRM motor is energised, but it runs
in the opposite direction, with the flywheel disengaged, in
order to return the piston to the cycle starting position.

The two motors FRM and EM are energised through the same
single pole double throw (SPDT) switching relay to ensure that
the operation of the two motors are mutually exclusive.

The clutches are pressure actuated fail safe.

On the analysis of the above scheme, it was found that
many components were involved. As Pugh stated in his paper(lO)
'Simplicity of design is the key to both quality and cost'.

Carroll and Bellinger(ll)

remarked that 'Perhaps the major
single contributor to operating reliability is simplicity' and
'That superior design is one which encompasses the necessary
operating and protective functions with absolute minimum number
of components and connections!',

Bearing this simplicity approach in mind the author set
out to find simpler drive alternatives.

The first alternative that came to mind was a hydraulic
drive with suitable flow control to achieve system specification.
The sponsors raised objection to the use of a hydraulic drive as
they feared that leakage of hydraulic fluid into the pigment
cannot be tolerated since this will destroy the colour strength
and other consumer required characteristics.

It was considered that a fluid drive would potentially be
simpler and more reliable than the mechanical drive. Consider—-
ation was given to the pneumatic and water drive which will

have no destructive effects on the pigment. Using a standard

pneumatic working pressure of 10.5 MPa, a 400 mm bore cylinder
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will be required to deliver the 1.4 MN design thrust required.
This cylinder is obviously too large, none standard and will
be expensive.

The use of water as hydraulic fluid would have been feasible
except for the high equipment cost that will be involved since
special components will be required.

A study of the use of hydraulic powered system in general
revealed that with proper preventive maintenance scheme and by
design, a hydraulic oil powered system could be used without the
fear of oil leakage. This re-evaluation was put to the sponsors,
and they then agreed to the use of oil hydraulics.

A detail description of the hydraulic drive is given in
Chapter 6 on controls.

The advantage of the hydraulic powered drive over the mecha-
nical is that apart from the fewer numbers of parts required tc
achieve the objective, the same power pack could be used to

drive other ancillary equipment, that make up the plant.

4.4.2 Extrusion cylinder selection

By reconsidering the pros and cons of the dual cylinder
system proposed by the author et al in their original work and
comparing the cost and shutdown time that would be involved as
discussed in section 4.3, the concept of using a single cylinder
for both transportation and as the extrusion cylinder was
favoured.

The use of a single cylinder reduces the stroke requirement
of the drive by half. That means a smaller diameter piston rod
could be used in the drive as the slenderness ratio is reduced.

The detail design of the extrusion cylinder is given in

section 4.4.5.
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4.4,3 System configuration

After an agreement was reached on the main drive unit, and
the extrusion cylinder selected, it was then necessary to consider
;g;Einations that would yield an acceptable working system. The
configuration to be discussed here was selected to satisfy the
following objectives.

(i) To have minimum unit/component count.
(ii) To allow for minimum handling of material between the

press and the extruder.

(iii) To allow a degree of automation to be built into the system.
(iv) To yield a system with high reliability.
.(v) To yield a system that will require minimum maintenance.

The system as a whole consists of two main sections; the
extrusion unit, and the filter cake handling unit (FCHU) with a
common power pack and control unit.

The extrusion unit incorporates the extrusion frame, lifting
mechanism, panning (movement in the horizontal plane),
extrusion ram, and two extrusion cylinders.

One extrusion cylinder charged with pigment by the hand-
ling unit is loaded into the extrusion frame at ground level.

The lifting mechanism lifts the extrusion frame to a height
10 cm over the inlet port of the band dryer and the panning
mechanism pans the extrusion frame to a suitable position over

the dryer ready for extrusion to commence.

4,4.4 System layout

In this project, floor area is a constraint. Essentially
what is needed is that the elements of the plant should be

assembled together in such a way as to maximize the distance
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between them so as to reduce unwanted couplings and to ease the
problem of maintenance, at the same time the overall volume is
minimized and the connections between elements kept as short

as possible. _Obviously these requirements are mutually incompa-
tible, and the problem of layout design is to reconcile the
requirements. A Series of assembly drawings of the system elements
were prepared. Different layoutsmade from the drawings were
tried until a suitable arrangement was found. The layout
obtained is such that the whole assembly could fit into the
available volume while the required spacing around the elements
is maintained.

Figure 4.6 shows the final general layout of the plant. A
factor that was much in mind'during the layout design is repair
and maintenance. It was ensured that ample room is available
for elements removal and replacement with minimum of distur-

bance of other elements.

4,4,5 Extruder component selection and design

Concurrently with the latter stages of the system layout
process, thought was turned to the components of the complete
extrusion plant.

As ennumerated in sub-section 4.5.3 the extrusion machine
consists of a number of sub-systems. The sub-system numbers
refer to part numbers shown in Fig. 4.6.

1. Main Power Source.
2. Extrusion Frame

3. Main Structure

4, Lifting Mechanism

5. Panning Mechanism
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6. Extrusion Ram A/Piston B

7. Extrusion Cylinder

8. Control System

9. Filter Cake iHandling Unit.

The choice between alternative sub-systems depends on a
number of considerations. The decision tree Fig. 4.7 provides
a good method of control and records all arguments for future
reference. The decision tree design approach was postulated

by Marples(lz)

as a generalised model of the design process in

which each solution will give rise to a series of subsidiary

problems, each of which has, usually more than one solution.

The starting point of the table corresponds to the initial

formulation, followed by the proposed solutions to the result-

ing second rank of problems and so on. A ccmplete design results
from paths through the tree subject to the following rules:

(a) When a number of alternative. solutions are presented, any
one may be accepted and the rest rejected.

(b) All of the problems dependent on the choice of a particular
alternative solution must be solved.

(c) A particular branch of the tree must be followed until a
solution is reached which does not have a dependent problem.
Provided that this solution is the preferred one at this
point, then the branch terminates. -

The sub-systems that make up the plant were investigated
using block schematic diagrams. It will be appreciated that none
of these sub=-systems is completely independent.

Each of these sub-systems will be described, and the
distinction made between alternative sub-systems outlined.

for example, alternative extrusion frame.
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The main power source and the control system are described
in Chapter 6. The reasons behind the selection of the main
power source has already been given in section 4.5.1.

Pugh(l3)

advocated the use of the "load lines" apprcach to
detail design of mechanical components. This approach, when
applied, not only yields simple and cost effective components
which forms a complete system but also makes the choice between
block schematic diagram of alternative systemgeasier and their
load analysis simpler.

The extrusion frame is a component of the plant into
which an extrusion cylinder is loaded and it is in this frame
that extrusion takes place. The extrusion frame can either be
an integral part of the main structure as proposed in(l) or
separate from it. An extrusion frame separate from the main
structure was chosen. This will allow some flexibility in its
design. It will also keep the extrusion forces away from the
structure. This gives rise to the guestion of whether to have
it fixed to the main structure or movable. A movable extrusion
frame has been chosen. This enables loading of the extrusion
cylinder to be done at ground level where the operator can
easily correct any misalignment of the extrusion cylinder and
the piston when being loaded. The frame can then be lifted to
the height where it will extrude onto the band of the dryer.

It was also decided that the extrusion ram (6A) which
drives the piston(6B) will have to be mounted directly on the
extrusion frame. This arrangement will allow the piston to
be permanently aligned with the extrusion frame during manu-
facture/assembly.

Having selected the type of extrusion frame it was now left
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to decide on its structure. Four possible structures were
considered (see Fig. 4.8).

Structure (1) is a T-slot frame into which a square top
flanged cylinder will be loaded. This arrangement has a simple
and light structure for the extrusion frame but has the dis-
advantage that the whole extrusion force will have to be borne
by the cylinder flange. Thus each extrusion cylinder will have
to be designed to withstand the extrusion load. The alignment
of the cylinder will depend on the flange.

Structure (2) is also a T-slot frame but it supports the
cylinder at its bottom. This has ‘the disadvantage that each
cylinder bottom has to be structured to be able to withstand the
extrusion force and its bending effect.

Structure (3) is a boxed frame opened on two epposite ends
through which the extrusion cylinder is loaded. It has the
advantage that the extrusion load is distributed within the
frame. The cylinder bears only the circumferential stress that
might arise due to extrusion pressure within it. The bottom
of the cylinder can thus be light. Alignment of the cylinder
in the frame is easier since it is gquided on two sides. The
alignment can be built in during the fabrication of the frame.

This structure has the disadvantage that clearance holes
have to be provided on the bottom part of the frame through
which extrudate from the die holes on the cylinder can pass
without interference. This will increase the depth of the
structure at this part of the frame.

Structure (4) consists of two plates, top and bottom plates
connec£ed together by four tie rods.

This structure is light and easier to manufacture. It has
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the disadvantage of structure 3 but it is not as rugged,
Alignment of cylinder with the piston will be more difficult.

Structure 3 was selected for the frame due to the advan-
tages mentioned above and from aesthetic point of view.

The choice of the type of main structure to use is based
on the constraints imposed by the dryer layout, its height and
space availability. A two column L shape mast sliding on a
rectangular horizontal base Fig. 4.9, was chosen. This arrange-
ment yielded a more space saving scheme and is more aestheti-
cally pleasing. The extrusion frame runs on the up-right part
of the L shape mast while the lower part of the mast runs on
the base, thus enabling the extrusion frame to move hoth in
the vertical and horizontal planes. The single column I shape
mast with a suitable base could be used but this will have less
stability compared with the two column mast. Alsc, lifting
arrangement for the extrusion frame will be more complex.

The choice of other sub-systems, the lifting mechanism,
panning mechanism, extrusion ram were based on the main power
source which is hydraulic. They all hav?/%;draulic ram. as
actuator .

The lifting mechanism consists of a-lifting ram(4) ,
lifting chain(ll) and lifting shackle(l2). The ram has a
clevis mounting head attached to cross beam (see Fig. 4.6).
The chain is fixed at one end to a lower cross brace on the
mast. It is passed over the lifting shackle carried on the
end of the lifting ram. The other end of the chain is fixed
to a lifting tab(Fig. 4.11) on the extrusion frame. This
arrangement has the advantage of putting the lifting ram rod

in tension only, and gives a lift twice the stroke of the ram.
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The panning ram provides movement of the mast (thus the
extrusion frame it carries) in the horizontal plain. The pan-
ning ram head is bolted to the mast bottom beam and the rod
end bolted to the base frame.

The extrusion cylinder (7) (see also Fig. 4.10) is open at
one end and closed at the other. Extrusion holes are provided
on the closed end. Four ball transfer units are also provided
on the closed end to enable the transportation of the cylinder
between the extrusion frame and the filter cake handling unit
(see section 4.6) where it is filled with pigment. The boss of
these ball transfer units also acts as dowel in holes provided
on the bottom plate of the extrusion frame. This helps in
aligning the cylinder with the piston when the frame is lifted.
A fuller explanation is given in Chapter 5.

The extrusion frame is provided with eight guide rollers,
four on each fin (see Fig. 4.11), These rollers
guide the frame along tracks on the upright column of the mast.

The lower part of the mast is a framework of angle iron
facing inwards on which four roller bearings two on each side,
are mounted. The base frame is provided with a track on which
the roller bearings run., (See Fig. 4.9).

the
When éktrusion frame is lowered to ground level where

A
cylinder loading and off loading takes place, the ball transfer
units are ejected out of their boss by ejector pegs as illustrated

in Fig. 4.12,

4.5 FILTER CAKE HANDLING UNIT (FCHU) DESIGN

The extrusion plant incorpecrates a filter cake handling
unit (FCHU) which enables pigment to be transferred between the

filter press and the extrusion/drying station.
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With the screw extruder in use, filter cake is normally
transferred in skips which are 910 mm long x 660 mm wide x 580 mm
deep. The skips are made from stainless steel sheets framed
with angle iron at corners. They are supported on four swivel
castors which allow easy manipulation of the skips.

To fill the skips at the filter press a funnel with a
receptor area of 1.27 sq. metre is fitted on the skip opening.
The skip is then placed under the filter press plate pack where
filter cakes are knocked into them.

The major colours which are graded as "fired" or "unfired"
are each allocated six skips. These skips also serve as holding
bins for the pigment such that the operation of the filter press
is independent of the extrusion or drying rate. The skips are
transferred from the press to the extrusion/drying station with
the aid of fork lifts.

During the design cf the new extrusion plant various schemes
of handling the pigment were ;onsidered and are discussed below.
SCHEME 'A‘

In this scheme the extrusion cylinder serves as the trans-
porting container. A pair of cylinders are clamped together
onto a transporting bogie (Fig. 4.13). Once the cylinders have
been filled with pigment, they will be transported to the extru-
sion/drying station with the aid of pallet trucks. A cylinder
can then be loaded by sliding it into the extrusion frame.

During filling at the filter press, a suitably designed
funnel is fitted over the opening of the clamped cylinders.

They are then placed under the press where pigment is dropped
into them. 'The funnel would have the same receptor area as the

one currently used but has an area utilization of approximately
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(100 x n/4) percent, using the current funnel as a datum.

The reduction in area utilization will not affect the
reception of the pigment dropping into the cylinders since the
pigment falls to a great extent in large lumps.

By using a pair of cylinders 600 mm diameter and 1000 mm
deep, a total volume of 465 litres will be accommodated as compared
to 348 litres with the present skips.

This scheme will require that the filter presses be raised
to achieve é daylight of about 1300 mm between the bottom of the
plate pack and the ground, in order that the cylinders could go
under the press. This is a disadvantage as the whole process
plant would have to be shut down to carry out this alteration.
Also a total of eight cylinders and four bogies would be required
per extrusion plant.

SCHEMJ:’.; =

To avoid the necessity of raising the filter press as
required by Scheme 'A', shorter cylinders of about 550 mm in
depth could be used.

This alternative scheme will require 13 cylinders to hold
a complete press load of pigment. Thus there are 13 cylinders
per colour group. This will obviously increase the cost of each
plant.

The cylinders are subjected to wear and tear during use and
will require occasional replacement.

The number of machine operations required to process a
batch of pigment would be increased from 8 to 13 which is 62.5%
increase in the wear and tear of the extrusion machine.

The scheme has the advantage that a shorter extrusicn

frame can be used, thus a cheaper frame.
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SCHEME 'C!

With this scheme only two 780 mm deep stainless steel
cyiinders are used. Pigment will still be loaded into the present
skips at the press and will later be transferred into the extru-
sion cylinder.at the extrusion/drying station.

This scheme reduces the number of cylinders required to two,
and does not require any modification to the filter press.

The disadvantage of this scheme is that it requires a special
handling unit which will handle the transfer of pigment from
the skips into the extrusion cylinder.

On evaluation of the above schemes, Scheme C was chosen and
a filter cake handling unit was designed as a corporate part of
the extrusion plant. The handling unit is described in secticn

4.5.1.

4.5.1 Basic functional description of the filter cake

handling unit (FCHU)

The filter cake handling unit Fig. 4.14 consists of the
cradle(l), hopper(2), sliding table(3), tipping ram(4) and
supporting structure(5). The part numbers refer to parts shown
in Fig. 4.14.

Cradle: The cradle(l) is pivoted to the supporting structure
using two pillow blocks(6). A skip filled with pigment at the
filter press is loaded into the cradle and the cradle is then
tipped by the tipping ram(4) so that the pigment contained in the
skip drops into an extrusion cylinder placed under the hopper(2).
The cradle is designed in such a manner as to retain the
skip during tipping operation.
Hopper: The hopper(2lis simply used to direct the material from

the cradle into the cylinder placed under it.
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Sliding table(3) Is used in manipulating the extrusion cylinders

into position. It has four single flanged rail wheels that run
on the lip of the angle iron which forms the base of the support-
ing structure. It moves back and forth along the longitudinal
axis of the handling unit. The movement of the table is achieved
with the aid of the longitudinal positioning Ram(7). The table
has two catches(8) mounted on one of its turned-up lips. The
catches are used to hold a cylinder in place during one of the
cylinder manipulation sequences,

Tipping Ram: The tipping ram(4) is mounted on the supporting

structure. The top of the piston carries a female eye which

is pivoted onto clevis bracket on the back of the cradle. The
tipping ram provides the means for tipping the cradle. The ram
is powered hydraulically through a directional control valve.
Also a flow control valve is included in the feed line to control
the tipping rate.

Longitudinal loading ram: The longitudinal loading ram(7) is

used to impart movement onto the sliding table along the longi-
tudinal axis of the FCHU. The ram has a rectangular flanged

cap which is fixed to the support(5) and the piston pivot mounted
onto sliding table. It has directional control valve and a flow
control valve in its feed line.

Transverse lcading ram: The transverse loading ram(1l0) Fig.4.6

Hoo the.
is used in pushinghgmpty cylinder out of and pulling charged
A

cylinder into the extrusion frame. It has a rectangular flanged
head. It is mounted to a bracket attached to the extrusion frame.
A rectangular plate"push plate" (see Fig. 5.5b) is mounted cn

. the end of the ram ¥od. Two solenoid actuated plungers (Pull
solencids) used in pulling cylinder into the frame are mounted

on the push plate (Fig. 5.5Db).
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CHAPTER 5

PLANT OPERATION

5.1 EXTRUDER

The operation of the extruder is controlled by a program—
mable sequence controller as described in Chapter 6.
During cperation, the machine is always in one of the
‘following states.
(l) Idle.
(2) Performing piston withdrawal after extrusion.
(3) Panning the extrusion frame out of the dryer.
(4) Lowering the frame to ground level.
(5) Waiting for empty cylinder to be off-loaded and full
cylinder loaded in by the handling unit.
(6) Inserting the extrusion piston into the newly loaded
‘extrusion cvlinder.
(7) Lift the extrusion frame and the new cylinder up to the
drying port.
(8) Pan the frame over the dryer.
k9) Compact the pigment in the cylinder.
(10) Extrude the pigment onto the dryer éonveyor belt.
ldle
During the idle state the controller checks whether the
system is ready, if not, it issues an alarm call. At the same
time it indicates on the indication panel that the operator
should load a new skip into the cradle. Once the system is
readx,the handling system tips the pigment from the skip into
the extrusion cylinder placed under the hopper. The handling
unit under the control of the system sequence controller mani-

pulates the charged cylinder to the waiting bay. See detailed
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description of handling unit operation in next section.

Piston withdrawal

If a charged cylinder is ready in the waiting bay, the
extrusion piston is withdrawn from the cylinder currently in
the extrusion frame. Alternatively the controller issues an

alarm call and indicates the system status on the control panel.

Panning out

The extrusion frame is panned out of the dryer ready to

be lowered.

Lowering the frame

The frame is lowered to ground level and the piston is

completely withdrawn from the cylinder.

Hait

During this state the transverse loading ram of the handling
unit pushes the empty cylinder out of the frame onto the loading
table of the handling unit. The handling unit then moves this
cylinder under the hopper and at the same time aligns the
charged cylinder in the waiting bay (see Fig. 5.6 a and b) with
the extrusion frame. The transverse loading ram then pulls

the charged cylinder into extrusion frame.

Piston insertion

When a charged cylinder is properly located in the extrusion
frame the extrusion piston descends into the cylinder under
the control of the sequence controller. Once a successful entry

is achieved the transverse loading ram is fully retracted.
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Lifting of extrusion frame

The extrusion frame is lifted upto to the dryer inlet

port (see Fig. 5.2).

Panning in

The frame is panned in such that it is over the dryer.

See Fig. 5.1.

Compacting

When the frame is properly positioned over the dryer,
compaction of the pigment is done as the piston descends into
the cylinder until the pigment extrusion density is reached.
At this point the controller issues an alarm call and at the
same time indicates on the indicator pansl that a new skip is

required.

Extrusion

Extrusion commences as soon as the material is fully
compacted. The rate of extrusion is set such that a uniform
band depth can be maintained.

Extrudate from the cylinder comes out of the 16 die holes
on the bottom of the cylinder ontc the band dryer through the
clearance holes made on the bottom plate of the extrusion

frame.

5.2 FILTER CAKE HANDLING UNIT (FCHU) OPERATION

The operation of this unit is also controlled by the
system controller.

During operation the unit is always in one of the follow-
ing states:

(1) Preforming a cylinder charging cycle.
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(2) Performing a cylinder manipulation cycle.
(3) Wait.

(4) Performing a cylinder ejection cycle.

(5) Performing a cylinder alignment cycle.
(6) Performing a cylinder loading cycle.

(7) Idle.

1. Cylinder Charging

During this cycle the pigment in the skip loaded into the
cradle is tipped into a cylinder which is positioned under the
hopper, Fig. 5.3. ©Skip filled with pigment is normally loaded
into the cradle when the controller requests for it. This
is just before the FCHU enters the idle state. After the set

pigment dropping time on the controller, the cradle is lowered.

2 Cylinder manipulation

When a cylinder has been charged as described above, it
is moved to the waiting bay. This is done in three steps.
Step 1. The sliding table is actuated such that it uses one
of its turned up lips in pushing the cylinder until it is

aligned with the extrusion frame (Fig. 5.5a) -

Step 2. The cylinder is locked in position by two lock sole-
noids, while the table is actuated such that it slides under

the cylinder without the cylinder moving. This is achieved with
the aid of the four ball transfer units on the base of the
cylinder (Fig. 4.9). The table continues to slide until the
catches on the opposite lip of the table latch under the
cylinder (Fig. 5.5b).

Step 3. With the catches latched under the cylinder in Step 2
the table is actuated such that it moves the cylinder to the
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waiting bay (Fig. 5.5¢).

3. Wait

On the completion of the cylinder manipulation sequence
in Step 3, the handling unit waits for the extrusion machine to
withdraw its piston from the extrusion cylinder, pans out the

extrusion frame and lowers it.

4. Cylinder ejection

After the extrusion machine has lowered its extrusion

frame the transverse loading ram(lo)

Fig. 4.6 is actuated such
that it pushes the empty cylinder in the frame onto the hand-

ling unit's sliding table (Fig. 5.6a).

5. Cylinder alignment

During this cycle, the charged cylinder which was in the
frame
waiting bay is aligned with the extrusion and the empty cylinder

positioned under the hopper ready for the next cycle (Fig.5.6b).

6. Loading

When the charged cylinder has been aligned with the extru-
sion frame, it is then pulled into the frame by the transverse
loading ram. The loading is achieved by actuating the pull

solenocid carried on the push plate of the ram.

S Idle

When the charged cylinder has been loaded into the frame
the handling unit enters an jdle state, waiting for the extru-

sion machine to complete another extrusion cycle.
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CHAPTER 6

CONTROL

SYSTEM REQUIREMENTS

The extrusion plant has been designed to extrude pigment

contained in a cylinder onto a hand dryer in a spaghetti like

form at a constant set rate. To perform the above task, the

machine must fulfil the following requirements:

(a)

(b)

(c)

Hold or contain the cylinder from which the pigment is
being extruded.

Endowed with sufficient power to enable the piston to force
the pigment through the 16, 7mm diameter holes at the

bottom of the cylinder.

Capable of displacing the piston relative to the cylinder

at a constant rate to maintain constant delivery onto

the belt of band dryer. The displacement must be controlled
with a degree of precision which will ensure uniform depth
of pigment on the belt.

In addition to the main functions mentioned above, the

machine must have provisions for performing ancillary functions

such as loading the cylinder charged with pigment into the

extrusion frame, lifting and lowering the extrusion frame onto

the band dryer, lowering the piston into the cylinder, compact-

ing the material at a fast piston speed, altering the piston

spéed to the extrusion rate as soon as the pigment is compacted.

A hydraulic power pack is used to drive the machine.

The sequence of operation is controlled by a programmable

sequence controller described in section 6. 3.
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6.2 HYDRAULIC CONTROL

The hydraulic circuit Fig. 6.1 is designed to accommodate
the system drive requirements. It uses atandem gear pump unit.
The pump unit is continuously driven at constant speed. Thus,
constant volume of fluid.is delivered at constant pressurc.
Flow to various rams in the system are gontrolled by means of
flow regulating valves in accordance with system demand. The
unit can be switched off when there is no system demand.

As it is desired to have a compact power pack it was
necessary to drive the pump unit at the highest speed posgible
which must be consistent with reliable performance. This does,
however, increase fluid heating problems and may also tend to
promote cavitation in the pumps. To minimize this adverse
effect the fluid tank is sized to effectively dissipate the
system heat.

The basic control elements which are involved in the
hydraulic control system are shown in Fig. 6.1.

As the system is inherently a dual pressure system the
pump unit is made up of two pumps; the high pressure (210 bar),
low volume (2 2/min) pump and the low pressure (70 bar) high
volume (20 £2/min) pump. The low pressure pump has to be unloaded,
that is, the output diverted back to the reservoir at as low a
pressure as possible when only the high pressure low volume pump
is required.

It is normally preferable to let the pump idle rather
than to stop the driving motor, unless the demand is very

infrequent.

6.2.1 Unloading valve

A self-contained unloading valve CV9 is arranged to open
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as soon as the maximum set pressure is reached. The valve is
similar to a relief valve. In addition to the normal pilot
relief valves it has a plunger which is acted upon by the system
pressure and forces the pilot valve off its seat when the
required pressure is reached. This brings the pilot pressure

to zero and so opens the main valve fully. A check valve V06

is essential to retain the system pressure whilst the pump is
fully unloaded.

An alternative to this pilot unloading valve is the use
of a solenpid operated unloading valve which can be controlled
according to system demand.

It may be necessary to maintain pilot pressure continu-
ously with the small pump whilst unloading the low pressure/
high volume pump when it is not required. This can be arranged
effecﬁively by having two relief valves in series Fig. 6.2.

One of the valves is set at a pressure sufficient for thé pilot
circuit and the other is set at the maximum working pressure.
When the system demand ceases completely the main relief valve
opens and discharges through the low pressure relief valve.
This pressure is then applied to the unloading valve of the

low pressure pump while the high pressure pump keeps the system
pressurized. A permanent leak-off ensures that the pressure

on the unloading valve falls gquickly as soon as the relief

valve ceases to discharge.

[ T
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' 14 | HP ~ LP
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l | uv - EwHP i LP=Low Pressure
Pymp relief valve
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6.2.2 Directional control valves

Each ram is supplied through one or more directional
valve, which is the control element for directing pressure to
the appropriate side of the ram. These directional control
valves are solenoid operated, two position, spring centred
spool valves. Where check valves are connected to rams, the
directional control valve provides a vent to tank in the 'off'
position, otherwise thejjflose—centred in the 'off' position.
The only exception is the direction control valve on the
longitudinal loading ram which is 'vented off' in the ‘'off'

position. This is to allow for self correction of small mis-

alignment during extrusion cylinder loading.

6.2.3 Pressure reducing valves

In order to prevent excess force being applied to the
extrusion cylinder during cylinder manipulation and loading,
the feed line to the loading rams is provided with a pressure
reducing valve CVO3. This pressure reducing valve reduces the
outlet pressure to a predetermined proportion of the inlet
pressure (system pressure). This pressure is then fed to the
loading rams. Thus allowing the system to stall without damage
to any component.

Also the tank line of the extrusion ram is provided with
a pressure reducing valve CVO2. During the sequence in which
the piston enters the cylinder after the cylinder has just been
loaded into the extrusion frame, system pressure is applied
to the inlet port of the reducing valve and its outlet pressure
of about 6 bar is applied to both the full bore and annular

sides of the extrusion ram. This enables the piston to drop
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under its own weight into the cylinder with the pressure from

the relief valve used to maintain motion and to overcome friction
that might be encountered during cylinder entry. This entry
sequencé operates on a regenerative principle in which the fluid
supplied from the puip and the fluid displaced from the

annular side of the extrusion ram are fed into the full bore

side of the ram.

6.2.4 Ram speed control

Additional elements are employed to control the speed
of movement of the rams. They are basically metering valve
Ccvol, Cvo4, CVO5, CVO6 and CVO7, Fig. 6.1l. They are all
adjustable flow control valves. They are installed on both
side lines foilowing the directional control valves. By arran-
ging the integral check valves in the flow control as shown in
Fig. 6.1, they are essentially metering out devices. This
type of speed control suffersfrom relatively high energy losses
and high fluid heating since the pump is operating at maximum
pressure all the time and excess flow is discharged through
the relief valve. This type of losses can be minimized by
adopting a bleed-off speed control, Fig. 6.3 or the bypass
speed control, Fig. 6.4.

In the bleed-off circuit the throttle valve is located
in the feed line to the ram bypassing to the tank. The valve
is operative only when the feed line is under pressure. All
the throttling losses are linked to this bleed flow and pump
pressure automatically adjust to load. The main disadvantage
of this type of flow control is that it is indirect and will

vary if the pump delivery varies with the load.



The bypass speed control is commonly preferred where
losses are to be minimized. A restrictor is used to monitor
the flow rate and the pressure drop across the restrictor is
used to adjust the bvpass flow accordingly. This gives the
same positive speed control as a meter-in or meter-—out circuit.

Both the bleed-off and bypass circuit are basically meter-
in system. They would have no effect on ram speed if connected
to the exhaust line from the cylinder.

The speed control system of the plant was assessed on
merit, simplicity and cost. Since cost and simplicity were
the dominant design criteria, simple meter-out circuit were

used on all the rams.

Bleed-oif speed control

FIG. 6.3
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6.2.5 Extrusion ram speed control

The speed control of the extrusion ram is the most
critical in the system and its design is based on the same
‘meter-out principles as for the other rams. Speed control is
achieved with two flow control valves FC-1 and FC-2, Fig.6.1l
These valves are built with temperature and pressure compen-
sation to prevent change in preset values even if oil pressure
and temperature changes.

For'safety purposes the flow rates can be set and locked
using set screws and accidental adjustment prevented using
lock keys.

These flow control valves Qith the two miniature soleloid
valves are arranged in a manner such that three forward speeds
are obtainable; slow forward, very slow forward and rapid
forward. There is also a rapid return speed. The slow forward
speed is used during pigment compaction after cylinder entry
with the extrusion frame panned onto the dryer. The very slow
forward speed is set for extrusion. During extrusion a very
slow speed is required in order to maintain uniform pigment
depth on the band dryer. The fast forward is included as a
feature of the design to enable the piston to be lowered at
a speed very much faster than the previous speed settings for
use during installation and maintenance. The rapid return
is used during piston withdrawal to reduce the time between

extrusion cylinder change to a minimum.
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f.2,6 COMPACTION TO EXTRUSION SPEED CHANGEOVER

The theoretical thrust developed by the cylinder shown
in Fig. 6.5 is given by:

F & PBR socemsisn - (1)
where Pe is thé effective applied pressure and A is the
effective piston area.

In Fig. 6.5,

03 = Q4 =
02 = z2o
Q3 & Oy = %% Q2
Q- stands for flow at point 2.
If Q3 # O
Then P1 = constant since the relief wvalve RLV will not

relieve at a pressure lower than the set pressure.

If AP; and AP2 are the pressure drops in the input and
output lines respectively, then the effective pressure Pe is
given by:

- Ao

Pe L P-AP bl AP Cee e en s 2

1 T 2 : (2)

where P is the system pressure set at the pump. Aj is the

ram full bore area and A2 is the annulus area.
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APg = P =-F1
AP = P2 - 0 using gauge pressure.
Substituting in equation 2:

A
Pe = P =P +P] = =Py

= f’l - R B3

With a pressure compensated flow control valve installed as a
meter-out system, the inlet and outlet theoretical flow rates
are equal and constant. Thus the inlet pressure drop must be

constant. Thus,

e L u - A2
Pe = A Pl FI PZ
F = Pl Al - A2 P2 R R (3)

Since P} = P - P] 1is a constant and P is assumed constant
P; must be constant,
thus we can say that P, is a function of the load F.

For a particular speed setting and due to the pressure
compensating characteristic of the flow control valve the
thrust F on the fall bore side of the ram will remain constant
independent of load, but the actual load on the cylinder might

vary as shown in Fig. 6.6.

CYLINDER THRUST P s

‘:\‘9
vo

LOAD

PISTON TRAVEL

FIG. 6.6
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Equation 3 represents condition where the load'is zero.
With a load L introduce to the ram, the force equation becomes:
F = AjP]1 = A9P9 = L asseesses ()
Since the cylinder thrust F, the Pressure P) the Area A, and
Ay are constants then P2 must vary in such a manner that
A2P2 + L = constant.
Thus, the changeover point between compaction and extru-
sion is obtained by monitoring P32, using a pressure switch.

This is the basis on which the plant changeover control is

designed.

6.2.7 Counter-balancing

In order to prevent the piston against gravitation £all
when it is withdrawn from the cylinder, a counter balancing
val;e V02, Fig. 6.1 is connected to the annular side of the
extrusion ram. The use of a pilot operated check valve alone
would intreduce the danger of cavitation in that the annulus
fluid would tend to separate from the ram piston at the commence-
ment of a downward stroke. A schematic diagram of the counter
balancing valve is shown in Fig. 6.7. It basically consists
of a pilot operated relief valve D and a plain check valve E
in parallel with the relief valve. The relief valve is set to
relieve at a pressure which will just balance the weight of
the extrusion ram rod weight and the piston weight. Its pilot
may be connected to the annulus or full bore side of the

cylinder.
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6.2.8 Manufacture

As the hydraulic pack is to-be a bought out item , a
guide specification was prepared (Appendix B) to enable
quotation to be obtained from suppliers. The specification
covers all the essential requirements of the hydraulic system

required for the plant.

6.3 SEQUENCE CONTROL

| Sequential control of the plant is achieved by switching

components (solenoid operated directional control valves).

The plant is designed to operate as an automatic transfer

machine going through its step advance seguence without ope-

rators attention. Seqguence control of this nature can be any

of the following:

(1) A conventional hardwired logic control system i.e. based
on electro-magnetic or contactless relays.

(2) Mechanical systems with cam shafts and drums.

(3) Micro computer.

(4) Programmable sequence controller.

To realise hardwired logic control requires a great deal
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of design, manufacture and adjustment time since each component

satisfies a single purpose. Also if specifications are changed

or capabilities are expanded, hardware composed of assembled

units such as used in wired logic can cause a lot of trouble.
With these considerations in mind the control require-

ments to be met were specified as follows:

(1) The controller has to be programmable with the program
capable of being changed easily.

(2) Reliability must be better than that of a relay control
board.

(3) The controller must be smaller in size than a relay
control board.

(4) Cost must be competitive with those of wired logic
control board.

{5) Basic unit must be capable of easy expansion.

(6) Must be easy to maintain and repair.

(7) Must be easy to integrate with other plant components.
Figure 6.8 shows cost as a function of performance of

sequence controller based on wired logic with those stored

programs i.e. minicomputers and programmable units with espe-

cially designed microcomputers.

CosT

PERFORMANCE
FIG. 6.8



- 06 =~

If the function level is below point A, and involves
simple control, a small scale wire. logic (e.g. relay control
board with say 30 relays) is relatively the least expensive -
The function level between points A and B is best suited to a
programmable sequence controller where timers, counters and
shift register are apundantly used. The region of function
level higher than point B is most adequately handled by a mini-
computer where data processing is the main job e.g. for monitor-
ing frequently changing data, for production control, and arith-
metical operations.

It should be noted that decision made when selecting the
control system was not based on iﬁitial cost alone. Cost was
not considered only in terms of the number of relays that will
be required, but account was also taken of such factors as the
actual wiring, the number of necessary adjustments, reliability,
flexibility, re-usability, ease of maintenance, space, standard-
isation and labour cost. Although the sequence controller
selected cannot satisfy all the above requirements, it eliminates
ﬁost of the difficulties. |

The sequence controller used in the control system for
the plant is an Omron "Sysmac - Pl" Programmable sequence
controller, Fig. 6.9. This controller features a keyboard
programming system with 12 kinds of instructions and a maximum
of 63 programmable steps. Thus, it has a greater performance
in relation to cost than sequence controllers of conventional
pinboard-setting in terms of functions, steps and simplicity
of programming. It performs a step advance type of control
Iwhich has hitherto been regarded as impracticable with conven-

tional sequence controller (diode matrix, pinboard-setting system)
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A step advance type sequence control can be likened to
an athletic relay race. In the relay race, when the first runner
covers a specifiea portion of the entire course, he hands over
the baton to the next runner who will cover another specified
portion of the entire course. The baton pass-is repeated by
the remaining members of the relay team to complete the relay
race. If the relay race is compared with a sequence control
operation, the operation of each runner to cover a specified
distance cérresponds to the operation of eéch load which is
being controlled (e.g. value, motor, etc.,). When input condi-
tions (e.g. limit switch, proximity switch, pressure switch etc)
become ready by the operation of the load, i.e. indicating the
end of the current sequence which can be likened to a baton
pass, the subsequent operation is carried out. The operation
likened to a baton pass is expressed as "step advance condition".

The SYSMAC - Pl series sequence controller employs a
stored program system which permits more sophisticated process
control with ease.
| Figure 6.10 shows the system wiring connection to the
controller. Input and output connections are shown on Fig.6.11
and 6.12 respectively.

With this controller, programming is effected as easily
as a desk-top electronic calculators merely by depressing the
appropriate keys in a step sequence. The controller automati-
cally checks key input errors during programming through the
keyboard, flashes the instruction display and alerts the operator
by means of a buzzer on detection of any program error. Input
and output status are monitored and displayed using LED (light

enitting Diodes) indicators, during operation, thus the status
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information of the current sequence in operation can be viewed
by inspection of the display.

A step position (i.e. a step number in the process) can be
monitored at any time by a step display, while a step—-advance
condition (i.é. an instruction) is indicated by OP, Data - 1
and Data - 2 displays.

The 12 kinds of instructions available includes Return,
Unconditional jump, AND, OR, Counter, Conditional jump, Repeat,
and Timer, thereby providing the sequence controller with
complete processing functions to permit sophisticated control.
The table of instruction code is given in Appendix D, together
with descriptions of respective instructions.

As a counter-measure against power failure, should such a
failure or a service interruption occur during operation of the
controller, the process in progress will Se held static. It
will resume when the source of power is restored. This facility
enables the plant to be shut down at any desired time without
regards to the seguence in progress during the shut down.

The process flow chart covering all events reguired to
control the plant is shown in Appendix D.

Each box in the flow chart represents a processing step.
The diamond shape boxes are conditional jump processes in which
the controller monitors the input condition and jumps to a
specified step if thé programmed .condition is met.

Error or fault routines are entered at points E, F, G,

H of the flow chart.

During the plant's operation there are four possible
system faults that can develop. They are as follows:

(1) The extrusion cylinder can get stuck when being ejected

from the extrusion frame.
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(2) When a loading sequence commences the system can be
empty or there may be no cylinder ready for loading into
the extrusion frame.

(3) There could be misalignment during a cylinder entry
sequence which will cause the piston to jam.

(4) The plunger in the pull solenoid could get stuck thus
preventing the transverse loading ram to fully retract.
During an operation in which one of the above faults can

occur the controller monitors the appropriate input or times

the operation. If a fault occurred due to the operation being

timed out or input requirement not fulfilled, the controller
aborts the operation, calls the operator's attention by sounding
an alarmand indicates the system status through appropriate

indicator light on the control panel.

6.4 FUNCTIONAL DESCRIPTION SEQUENCE CONTROLLER

The sequence controller is housed in a fan cooled totally

enclosed floor mounted control console.

6.4.1 Programming

A sequence flow chart, Appendix E was prepared to enable

the sequence controller to be programmed.

6.4.2 Assigning input/output identifiers to input elements

and controlled (output) elements

To prepare a system program, Table 6.1 each of the input
and controlled elements in the flow chart is given a controller
identifier number. An explanation of each elements identifi-

cation begins with the manner in which input and output devices
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are connected to the sequence contrcocller. Figure 6.10shows how
the elements in the flow chart of Appendix E are connected to
the input and output bus of the controller.

Of the possible input connections, 1 to 17 and 31 and 32
were chosen (choice is generally arbitrary and depends upon
available terminals).

Of the possible outputs connections, 1 to 11, 13 to 20,
and 25 to 30 were chosen.

Each input, once identified can be referred to within the

seguence as many times as deemed necessary to produce the desired

control sequence.

6.4.3 Preparing system program

After each element has been assigned and identified as
described above, a system program was prepared (see Table 6.1).

The program has six columns Step, Op, Data - 1, Data - 2,

Output and Comment. The description of each cclumn is as follows:

(1) Step: The step is the sequence step number in which the

entered operation is to be performed. It is from 0O to 63.

(2) OP: Op represents the logical operation, ORing or ANDing
to be performed on input present in the column DATA - 1
and DATA - 2, or a functional operation to be performed
within the controller before control is transferred to
the next step.

(3) DATA - l: This column can contain one of the following:

(a) A input number to be monitored by the controller during
the current step.

(b) The time in minutes for TIME operation.

(c) Numbers of repetions for REPEAT operation.

(d) A step to which control is to be transferred during any
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jump operation.

(4) DATA - 2: Data - 2 can contain one of the following:

(a) The second input setting if two or more input are to be
monitored.

(b)A copy of Data = 1 if only one input is being monitored.

(c) The number of seconds setting for a TIME operation.

(d) The step number from which repetition is to start for a
REPEAT operation.

(e) Input signal to be monitored for conditional JUMP.

(5) OQutput: Output indicates the output terminal corresponding
to controlled element required which are to be switched on
during the current sequential step.

(6) Comment: This column contains a brief explanation of the

sequential step.

6.4.4 Programming

To program the controller, power is applied to it and
program control 'PROCON' switch turned bn. The controller is
then initialized by depressing the INS and R/W keys simulta-
neously. This operation clears the memory and sets the step
number to "00" (Appendix D contains definition for special
function keys). For each step advance condition, the INS key
is depressed and the step instruction entered in the following
sequence:

oP -+ DATA - 1 -+ DATA - 2
If only one data is entered when an AND or OR operation is
to be performed the content of DATA - 1 is automatically written
into DATA - 2 when R/W key is depressed.

The output reguirements are set by depressing the "OUT"



w 116 =

key which flashes the LED(light emitting diode) in Output
position 1 on the display, followed by an ON, OFF or SHIFT key
according to the program. Depress ON, OFF or SHIFT key advances
the output setting one terminal forward.

The instruction just entered is stored by depressing the
R/W key. This automatically advances the step display one step
forward. The program control (PRO CON) switch is turned off
when all the program steps have been entered.

The program can then be editted by stepping through the
program one step at a time. During program editting the PRO
CON switch must be on, and only the STEP key needs to be pressed

to advance the step one step forward.

A
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6.1

SYSTEM PROGRAMME

STEP 0] DATA-1 DATA-2 OuTPUT COMMENT
00 RET Power failure recovery
A 01 OR ol 10 1,2,19 Withdraw piston from
cylinder
02 OR 02 1,4 Pan out of dryer
03 TIM 00 02 i Delay keep motor running
04 OR 03 1,6 Lower frame
05 OR 01l ¥ 2,19 Withdraw piston from
cylinder completely
06 CJP F 06 If syst. is empty go to F
J 07 2TM 00 45 Cylinder ejection time
limit
08 OR 04 1.10 Push empty cylinder
onto table
09 CJpP E 04 If cylinder is Jjammed
go to E
10 TIM 00 02 i A Delay
11 AND 0l 15 178 Align full cylinder for
loading
12 TIM | 00 02 1 Delay
13 OR 08 1,313,113 Load full cylinder into
frame
L 14 2TM 0ol 30 Piston entry time limit
15 OR 10 1,14, 18,19| Start piston entry
16 CJp H 10 If entry fails go to H
o 7 TIM 00 00 1,10 Jerk push plate to
release plugs
18 2TM 00 06 Push plate retraction
time limit
19 OR 09 113 Retract push plate fully
20 CJp 6 09 If push plate retraction

fails go to G




Table 6.1 (cont'd)

STEP oP DATA-1 DATA-2 OouTPUT COMMENT
21 OR 11 Lgd Lift frame above dryer
22 TIM 00 02 : Delay
23 OR 12 1,5 Pan frame into drver
24 TIM 00 10 1,3,14 Compaction pressure build
up time
25 OR 13 14 1314 Start compaction sequence
26 CJp M54 14 If cylinder is empty
go to M~
27 OR 14 32 1,23,(20) Start extrusion
25,26
28 cJp M54 14 if extrusion complete
go to M
29 OR 14 31 1;23, (20) Otherwise continue
26 extruding
30 CJp MS4 14 If extrusion complete
go to M
31 OR 14 1,23, (20) Otherwise continue
extruding
M 32 OR 17 1,16 Tip cradle
33 TIM | OO 10 Wait for pigment to drop
34 OR 16 1,17 Lower the cradle
35 TIM | OO 02 1 Delay o
D 36 OR 18 1,9 Cylinder manipulation
seguence 1
37 TIM Q0 02 1 Delay
38 OR 15 1,8,15 Cylinder manipulation
sequence 2
39 TIM (0]0] 02 1 Delay
40 OR 18 1,9 Cylinder manipulation
‘ final sequence
41 JMP | A Return to A




Table 6.1 (cont'd)
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STEP OoP DATA~1 DATA~2 OUTPUT COMMENT
B42 OR 32 25,27 Buzz and indicate
status as
43 OR 3l 27 "cylinder stuck on
ejection
44 JMP J Return to fault pointing
and try again
F45 OR 32 25,28 Buzz and indicate status a
46 OR 31 28 "Loading table empty”
47 JMP D Return to fault point
and try again
G448 OR 32 25;29 Buzz and indicate status a
49 OR 32 29 "Pull sol stuck"
50 JMP K Return to fault point
and try again
H 51 OR 32 25,30 Buzz and indicate fault as
52 OR 31 30 "Piston entry failure"
53 JMP L Return to fault point
- and try again
M54 OR 32 25,26 Call operator request
for new skip
55 OR 31 26 Skip request status
56 JMP N Return and tip skip
57 END End of program
58 OR 14 1,3,19 Piston fast forward
59 END
60 OR 0l Y219 Piston fast withdrawal
61 END




- L2 -

CHAPTER 7

PLANT MANUFACTURE, INSTALLATION AND COMMISSIONING

7.1 MANUFACTURE

Detailed working drawings and system specifications for
the plant were ready during the first quarter of 1980. Some
known eguipment manufacturers were invited to tender for the
manufacture of the plant. The contract for the manufacture of
the plant was awarded to a company in Newchapel, Stoke-on-Trent.
The building and supply of the hydraulic system was subcontracted
out by the main contractor.

In September 1980 the main contractor expressed some
difficulty in finding suitable subcontractors to carry out the
electrical/electronic system control wiring. In view of the
time constraint on the project the author of this thesis
volunteered to do the wiring. The labour and materials were
supplied by the main contractor.

The final assembly of the plant was not on schedule due to
the delay experienced on the supply of the 250 mm extrusion ram.

During the assembly it was observed that the perpendicu-
larity required between the extrusion ram rod and the bottom
plate of the extrusion frame could not be obtained. This was
because during the fabrication of the extrusion frame, the sub-
assembly procedure specified in the working drawings was not
followed. The situation was remedied with the use of the
shims under the extrusion ram flange.

Modification to the design is detailed in section 7.4.

The complete plant was assembled and tests were carried out

to see that the performance requirements of the plant were met.
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This includes stability tests and functional tests.,

15& INSTALLATION

The plant was initially installed at the sponsor's works
in Kidsgrove Qhere performance tests were carried out (see
Chapter 8).

Some problems were experienced with the check wvalves on
the lifting ram circuit and the extrusion ram circuit. This was
because the check valve supplied were supposed to be externally
drained as opposed to the internally drained type specified in
the hydraulic specification. The external drain required on
the supplied valves were not provided for. The author then

requested the main contractor to provide these external drains.

7.3 COMMISSIONING

On completion of the performance tests at Kidsgrove the
plant was transported to Cowan Colours in London where it was
commissioned.

During the installation of the plant in London the wiring
was wrongly connected by the contractors, despite the fact that
the cables were labelled. This caused the protective fuses in
the control system to blow.

The complete wiring had to be stripped down by the author
and reconnected.

Wrong piping connections on the panning and lifting system
by the contractor caused the equipment to malfunction on start-
up. This fault caused the loss of some seals on the panning ram's

directional control valve, which were later replaced.
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7.4 MODIFICATIONS TO THE PLANT

During the course of the manufacture of £he plant a number
of components e.g. the lock solenoid (17) Fig. 4.17, the pull
solenoid, Fig. 4.15 were not standard items and had to be proved
operational before standard detailed drawings and material select-
ion could be made. The components for these items were made from
mild steel. It will be necessary to make these components from
stainless steel as specified in their manufacturing drawings,
especially for those plants to be used in processing cadmium
based pigment. This type of pigment ﬁaﬁe a corrosive effect on
mild steel.

During the commissioning of the plant at Cowan's Colour
Limited where it is now being used to produce chrome based
pigment, some difficulties were experienced in maihtaining
continuous extrusion throughout the complete extrusion stroke
on the machine. The machine had to be stopped and started
three or four times during a complete extrusion stroke. The
reason for this is discussed in Chapter 8. To overcome this
problem the number of holes on the extrusion cylinder has now
been increased from 16 to 26. This arrangement also gives a
better spread on the band dryer, but did not solve the stop/
start problem.

The problem was overcome by inserting a mouthpiece (see
Fig. 7.1) over the die plate. This mouthpiece reduces the die

(2) ¢his has

angle from 90° to 60°. As mentioned by Hodginson
the effect of reducing the amount of redundant work required
within the conical dead zone. The extrusion pressure required
to extrude pigment with the mouthpiece insert was not determined

but it was noted that the presence of the mouthpiece improved
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the performance of the plant considerably, e.g. the extrusion
rate'was observed-to be constant, the extrudate distribution
on the band dryer was uniform and the plant could run in its

designed automatic mode without unnecessary operator's attention.
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CHAPTER 8

EXTRUSION PLANT TEST

The justification of many of the assumptions made for the
design of the plant can only come through its use.

A test épecificatipn, Appendiﬁ C was prepared. The extru-
sion plant waé tested to this specification at the manufacturer's
works.

When the equiprnent was installed at the sponsors' works in
Kidsgrﬁve a performance test was carried out on it. The test
carried out are discussed below. The test done on various
pigments indicated that the plant is capable of extruding all
the pigment currently being produced by the sponsors. There
aré.‘variationé to the thickness of pigment left over at the
end of the exérusion cycle. This thickness depends on the
pigment being extruded. When an extrusion éylinder is refilled
with pigmgnt without the left over from previous extrusion |
femoVed, it was observed that there was no build-up effect in
the cylinder after each successive éxtrusion.

Difficulties were hoﬁever experienced during the extrusion
of cﬁromé'base‘pigmént a material being produced at Cowan's
Colour Limited ( a sister company of the sponsors). The material
was introduced into the project towards the end. These diffi-

culties will be discussed in section 8. 3.

A}

§.1 PRESSURE TEST

| Pressure measurements were made to check the behaviour of
the extrusion process against the empirical equations derived
on the Laboratory model on which the design of the-plant was

based. ¢  Pressure measurements were made during the extrusion
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of some pigments supplied by the sponsors within the limited
time allocated for the test. | |

The pressures on the pistdn face and that on the bottom of
the extrusion cylinder were taken at various piston displace-
ments_from the bottom of the cylinder. This was done by drill-
ing and tappiﬁg holes on the piston and the cylindef bottom
as shown in Fig. 8,1.

Twé Kistler Piezoresistive pressure tfanséucers type
4043 ASO were fitted as shown. The drilled holes not instru-
mented were rlugged off. Each transducer was connected to a
Kistler Piezoresistive amplifier type 460l. When it is desired
to read the pressure on anj one of the transducers it is connected
to the amplifier as shown in Fig, 8.2, Output from the amplifier
is read with an AVQO digital multimeter.

Only two readings, one on the piston and the other on the
cylinder could be taken during each extrusion stroke. This was
because only two transducers and one_amplifier'were made

1

available by the sponsors.

8.2 TEST RESULT

The amount of pfessure testing carried out was severely
limited as not all the pigments being produced by thg
sponsors vere available for fest at the time.

Pressure testing was carried out without seals on the
extrusion piston grooves. Althoﬁgh there were some backAexﬁfu-.
sion between the cylinder walls and the pistonf;gﬁié‘wa$?} not
appreciable. It was observed that after each extrusion the
cylinder walls were wiped clean by the piston during its

withdrawal.
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PRESSURE TRANSDUCER

PISTON

FINAL PLANE OF REPOSE

— EXTRUSION CYLINDER

—PRESSURE TRANSDUCER

FIG 8-1

TRANSDUCER LOCATIONS DURING EXTRUSION

PRESSURE _MEASURE MENT
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The pressure reading taken during the tests were plotted
against piston distance from the bottom of the éylinder. The
results are shown graphically in Figs. 8.3 to 8.7.

At least two measurements were taken using the same type
and group of pigment. The curves obtained from each set of

measurement are depicted as A and B in each figure.

8.3 DISCUSSION OF RESULTS

From the test results it can be observed that the pressure
reading at the piston face is lower than that at the bottom of
the cylinder. These results do not agree with the theories of
extrusion in which the total extrusion pressure, (i.e. piston
pressure) is the sum of the pressure dwue to cylinder wall friction
plus the pressﬁre at the cylinder bottom. .

It is beiieved that the reason for some of the piston pressure
readings being lower than those at the bottom of the extrusion
cylinder were due to pressure distribution on the piston surface.
The behaviour can be attributed to final angle of repose of the
pigment after it has attained its extrusion density (see Fig.8.1)
which allows the central portion of the pigment £o form a heap
capable of supporting the applied force. This hypothesis could
not be verified due to the timescale allocated to the tests,

The pressure at 10 mm from the bottom of the cylinder for
unfired deep Yellow = Y77 and fired Red - QOS were in close
agreement with those ﬁredicted by the empirical equation obtained
in Chapter 3, (see Table 8,1). The predicted pressure for chromate
(0.42MPa) is less than the observed value (4.,4MPa) because the pig*
ment uéed in the laboratory test was filtered using a pack filter
with 60% moisture content compared to the vacuum filtered pigment

used in the performance test of 30% moisture content.
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Extrusion Pressure MPa
Pigment
Predicted Observed
RO4 Unfired 0.9 | Not available
¥77 Unfired 1.23 1.2 average
Y06 Unfired | =~ 1.4 Not available
ROL Unfired 1.5 Not gvailable
ROl Fired 3.5 - l.87 average
f77 Fired 2.0 Not available
M59 Fired 4.1 - | Not available
RO5 Fired 4.45 4.43 average
Chromaﬁe 0.42 o 4. 40 évefage
TABLE 8.1

Observed/predicted extrusion pressure

The extrusion pressure from tests on the laboratory model
used in deriving the empirical equations were obtained by divi-
ding the total.applied load of the compressioh tester during
extruéion_by thé éxtrusion cylinder area, while those obtained
during the extrusion plént test were pressure within the pigments.

This difference‘in.method of pressure measurement might
have an effect on the correlation between the predicted pressures
and those observed.

The stop/start phenomena exhibited by chrome base pigment
whereby the extrusion -pressure builds up until the extrusion
ram stalls and when the plant is stopped and restarted the
extrusion pressure drops and as extrusion continues the pressure
builds up again until it stalls, can be likened to the behaviour

of clay as explained by Capper and Cassie(l4)

and depicted in.
Fig. 8.8, The situation was remedied by inserting a mouthpiece

on the die plate as explained in Chapter 7.
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- 8.4  CONCLUSIONS -

The prodﬁct from the designed extrusion plant is of better
quality as compared with those produced from screw extruder.
Figure 8.9 shows some products from the plant.

Drying tests done on some chromate pigment showed that
the extrudate can be dried to 0,5 percent moisture content
iﬁ a three bay convective dryer,. Drying'tests were ﬂot carried
out on cadmium based pigment becauég the plant could not be
installed over a cadmium pigment prbceésing dryer since this
would iﬁvolvé the reﬁoval‘of the_exiéfing:exﬁrﬁder and its ancil-
lary components long shutdown tiﬁe'and‘iosé of production.
However, cadmium pigment produced from the earlier proﬁotype
ram extruder showed a much better dryneés‘quality than from the
screw extrudercl). |

The thixoﬁropic nature of the pigmené has no effect on

the process and it can be rightly concluded §hat the designed

plant can handle all the pigment in production by the sponsors.
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For future work it would be advantageous to carry out a
thorough study of chromate pigment £flow charagtéristics during.
extrusion as was done for cadmium pigment,

It will be of interest not only academically but also to
the pigment préducing industries if a thorough study of the de-
formation behaviour of wet pigment particulate undexr stress
could be carried out, the pressure distribution during extrusion
and the flow characteristic of the.pigment established.

Application for a British Patent was filed by Johnson
Matthey, the parént company of the sponsors to cover the design
of the plant on the 2nd of July 1981 and was accorded applica-
tion Number 8120513, and is given in Appendix F,

The designed plant is working full-time on the chromate
bigment production line at Cowan Colours Limited, London after
mouthpieces (see section 7.4) were inserted in the extrusion

cylinders.
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" Some extrudate from the exiruslion plant.



FIG 8-10
EXTRUSION PLANT



FIG 8-1

HYDRAULIC POWER PACK & BACK VIEW OF CONTROL CONSOLE



APPENDIX ‘A'

EXTRUSION PtANT DESIGN SPECIFICATION



- 139 -

2.5.1 INTRODUCTION _

This specification cancerns the design of a new machine
to preform the pigment paste delivered from the filter presses
into a worm shape and load it on to the band conveyor Bf an
industrial band dryer.

The input shall consist of filter cakes of pigment
delivered to the machine in the currently used skips and the
output shall be a preformed worm shaped paste laid down on the

~band with a depth and pattern having the best possible drying

- characteristics.

2.5.2 PERFORMANCE

The machine shall be capable of handling 240 kg/hr of
pigmgnt (wet weight) or 170 kg/hr (dry weight) with the possi-
bility of a 25 percent increase in processihg capacity.

The extrusion rate of the machine shall be adjustablé
to accommodate the various pigment in production. The s?eed
shall be variable between . 25 mm/miﬁ to 200 mm/min.

The ﬁachine shall incorporéte a transfer unit wh;ch will
.transfer the filter cake in the skips into the extrusion cylinder

used on the main machine.

2.5.3 ENVIRONMENT

High relative humidity due to vapour from drying pigment-
(20 - 100 percent RH). Temperature between 0°C and 30°C

corrosive due to the material being processed.

2.5.4 LIFE EXPECTANCY

Ten years. Component parts may be maintained or replaced
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as necessary.

Recommendad. smfes list required.

2.5.5 MIANTENANCE

Planned preventive maintenance shall be carried out.

The annual shut dowp is for two weeks during which major
overhaul will be done,

All partf;in contact with pigment_pastewill require
cleaniﬂg at regular inter#als, thus the equipment must therefore
- afford ease of access for cleaning which may be done manually
ﬁith or without hoses,

Where possible in-~situ cleaning is desirable. .

Re-entrant features, grooves etc., which might trap
pigment and gi?e rise to undesirable mixing of pastes must be
avoided.

Modular replacement of exchange parts and ease of access
for criticél parts should be features of the system.

All machine must be capable of being hosed down or washed.

2.5.6 TARGET COST

Capital cost £20,000 per unit,

2.5.7 QUANTITY AND MANUFACTURE

One prototype followed by four units, one for each product-
ion line will be required. |

Conventional milling, turning, drilling, welding and
fitting services are avallable in-house, but sﬁb—contracting of

parts will be considered if these facilities are-inadequate;



- 141 -

2,5.8 SIZE AND WEIGHT

Within the limitations of space available for manceuvre-
.ability of transpdrting equipment. See Drawiﬁg No. RG/K204 -
L ~ 518A. |

Pigment paste should preferably be introduced at a lower
level than on existing system to reduce labour cost and loading

time.

2.5.9 AESTHETICS AND APPEARANCE

The equipment shall have clean and pleasing lines and
surfaces coloured in contrast with the system énd must be free

of pockets and ledges.

2,5.10 MATERIALS .

The materials used must be resistant to the corrosive
and erosive effect of the pigment; Stainless steel is considered

to be a suitable material. Copper and alloy shoculd be avolded.

2,5,}1 STANDARDS AND SPECIFICATIONS

(i) H.M. factory Inspectorate technical data note 1l
"Cadmium, Health and Safety Precautions".
(ii) H.M. factory Inspectorate technical data noteli
“Heélth, Dust in Industry".
(iii) Deposit of poisonous waste Act 1972,
(iv) Insurance regulations.

(v) Noise regulatioﬁ.
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2.,5,12 ERGONOMICS

A1l manually operated items' required for the operation

of the plant shall be located at standard levels.

2.5.13 OPERATION OF PLANT

Six operators shall be made available to run four
machines on the drying floor, two per shift.

The four machines can be attended to by a single
operator. |

No special gqualifications are necded for the operators.

There shall be a plant eng;neer with a knowledge of
prdgramming-the SYSMAC ~ Pl programmable sequence used as a

controller in the plant control system.
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1, INTRODUCTION

This specification amplifies and clarifies some points set
out in BS 4575 Part 1 1979 "British Standard Guide for appli-
cation of fluid power equipment to transmissions and coﬁtrol
systems" - Part 1 Hydrauiic Systems.

A hydraulic system to power and control an extrusion plant
is required. Solenoid valves shall be remotely controlled by
the output of a programmable sequencer.

The initial requirement shall be one off, with a view to
purchasing at least a further three after the plant has.been

proven satisfactory.

2. EXTENT OF SUPPLY

2.1 Design

The design shall be as depicted on drawing No. 79W0041/1

issue 1 of 3rd March 1980.

2.2 Manufacture

- The manufacture of component parts and assembly will be put
in the hands of the supplier. Components shall be as
specified below or approved equal. The power'unié and
control valves should be supplied preferably as a single
asserbly.

CUSTOMNER
The customer shall be Blythe_Colours Limited, Albion Works,
Liverpool Road, East, Stoke=-on=-Trent.

TESTS

The system shall be tested to ensure that it conforms to .

the designer's performance requirement.
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3. GENERAL

3.1 Specifications
besign submitted will comply with ISO 4413 - 1978, which
is identical to BS 4575 Part 1 - 1979.

3.2 Safety A

3.2.1 PFailsafe

The extrusion ram and lifting ram subcircuit shall
be provided with counterbalancing valves and pilot
opefated chéck valves. A pilot operated check
valve shall also be provided on the tipping ram
subcircuits. These check valves shall be located
on or close to the rams. All components shall be
selected, applied -, fitted and adjusted to ensure
that the system is failsafe.

3.2.2 Application concept

(a) All components within the system shall operate
within their manufacturers' specifications, and
must meet the system‘specification reguirement.

(b} All parts of the system shall be protected
against over-pressure.

(c) The control system should be constructed as a
single unit, with all valves or valve panels
mounted on the power unit., Components shall
be located in such a manner that they are access-
ible, and can be safely adjusted and serviced.

(d) Circuits shall be constructed to minimize
surge pressure, -

(e Surge pressure or lack of pressure shall not

cause hazards.
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3.3 System specification requirements

3.3.1 valves

(a) VOl = Check valve on extrusion ram subcircuit

Nominal flow capacity 15 gpm
Nominal valve size | L
Rated pressure 3000 psi

Type Double A type AA-04-
| 10Al or approved eqgual

V03 and V04 « Check wvalves

NS Nominal flow capacity 10 gpm
Nominal valve size 5"
Rated pressure 3000 psi
Type Double A type AA-O3~-

10Al or approved egqual

(b) VO2 and VO3 = Counterbalancing valves

Max operating pressure 3000 psi

Adjustment range 50 to 3000 psi

Adjustment sensitivity | 700 psi/turn

Internal leakage 7 cipm/1000 psi

Repeatability k% of setting
| Nominal flow 10 gpm

Envelope pressure rating*

Fatigue 3300 psi
Static '_ 8000 psi
Nominal valve size X

* Varification of fatigue and static pressure of the
:pressure containing envelope shall conform to NFPA
recommended standard NFPA/T2.6l - 1974 category 1/90

Type «.... Double A type BQP-03 1lOAl or approved equal
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(c) CVOl~Control manifold with 3 selectable flow rates

This unit should consist of two flow control valves
and two solenoid operated directional valves. The
flow control valves shall conform to the following

specification and must be pressure and temperature

compensated.,

Controlled flow minimum 0.008 1l/min
maximum .18 1/min

‘Free reverse flow | 36 1/min

Ope¥a£ing pressure 3000 psi

Pressure compensation shall be within s 0.5% to
+ 3% of setting with lock and key adjustment combined.
TYPE eees .Double A type QXA-005-LC--~T--10Al

or approved equal
The solenoid operated directional valves shall conform
to the following specification.

Two position spring-offset spool

Nominal flow capacity 5 gpm

Mak. flow without malfunction 7 gpm

Max. operating pressure 3000 psi
Response time 0.008 sec,
Solenoid type ' 220V 5%Hz
Inrush/holding current 1.1/0.23‘amp.

TYPE ooee " Double A type QG-005-P-10Bl-220/50

or approved equéi

(d) CV02 Pressure reducing valve

Ope:ating pressure 3000 psi

Adjustment range (rated flow) 50-3000 psi
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Nominal flow capacity 50 gpm
TYPE ees _ Double A type WOP-03-C-10A3

‘ or approved equal

{e} CVO3 Pressure reducing valve

Rated operating pressure 3C00 psi
Adjustment range 50~ 3000 psi
Nominal flow capacity 10 gpm

Type oeoo. Double A type WQP-~03-10al

or approved equal

(£) SVl to SV7 Solenoid operated directional valves

SVOl & SvV0O7 Others

Operating pressure 3000 psi 3000 psi
Max flow without | .

mal function - 19 gpm 7 gpm
Nominal flow | 12 gpm 5 gpm
Solenoid type 220V 50HzZ 220vV/50V

Inrush holding current 1.62/0.47 amp. 1.1/0.23 amp

Response time 0.015 sec, 0.009 sec.
TYPE scoss - Double hr

Svol - QF-01-FF=-10Fl1-220/50

SV02 ~ QF-005-C-10B1-220/50

sSVQo3 QF~005~-FF-~10B1-220/50

SVO4 QF—OOS-C110B1-220/50

lSVOS QF=005~C~10B1-220/50

SV06 QF~005~FF-10B1-220/50

sVO7 . QF=-01~C~-10F1-220/50
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(g} CVO4 to CVO8 Dual flow regulator

dperating pressure , 3000 psi
Checkkcracking pressure 20 psi

Max., flow | ' 12 gpm

TYPE sees Double A type NNYYC=-0l-1OAl

or approved equal

(h) vO5 Lifting subcircuit counterbalancing valve

Max. operating pressure 3000 psi

Flow rate 12 gpm

'Adjustment per rev. 650 psi
Repeatability 0.5% of full range
Pressure adjustment range 70 - 3000 psi

TYPE venes Double A type NNCCC~0l-3K—-10Al

or approved equal

(i) CV9 Unloading wvalve

Max. operating pressure - 3300 psi

Adjustment range 75 to 3000 psi
Adjustment sensitivity | 700 psi/turn
Internal leakage 7 in3/m1n/1ooo psi
Repeatability 0.5% of Setting
TYPE ecaes .Double A type B-06-H1-10A3

or approved equal

(j) V06 Check valve - direct acting in-line

Nominal flow capacity 15 gpm
Rated pressure 3000 psi
Nominal size e

"TYPE esneesne Double A type DL~-04-10Al

or approved equal
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Cylinder bore dia. 250mm } 00mm 100mm 38mm 38mm jOOmm
(1o’ (41) - (4n) - (1" () (4m) o
"
Piston rod dla. 140mm 45mm 45mm 25mm 25mm 45mm e
' (5z") (13" (12m (1) (m (13"} N
' Length of stroke | 00Cmm AIIOOhm FOCOmm 1 400mm 853mm 550mm -
(391™) (433") (43%'") {55") (34M) (22™) -
o
Operating pressure 21 MPa 2|1 MPa 21 MPa 7 MPa 7 MPa 2|1 MPa 3
(3000 psi) | (3000 psi) (3000 psi) | (1000 psi){ (1000 psi)} (3000 psi) 3
. xal
- Type of mounting rod Square _ Side Rectangul- _ - <
end flange Ytapped ar flange7r g
Type of mounting at _ Fixed - Side _ " |Rectangular| Fixed ®
cap clevis tapped cap clevis pre
Length of stop tube - - - 75mm 75mm -
(3") (3")
No. of required 2 2 2 2 2 2
cushtions
. Female eye
Accessories - = - - - rod end
Selected rams or Double A *| Double A (Double A Double A Double A Doubie A
approved equal N2J 10/53"} N2C 4/14" IN2B 4/12"  [R2F 14/17 R2B 14/1M ) N2C 4/13"®
X 10C0Omm X [100mn X 11 00mm X 1400mm X 853mm X 550mm

“swes o[ [nedphH Z2°'¢€°¢ -

- 6%T -

* Fltted with flared 11p urethane piston seals. Location of feed port on each rem shall be

such that will permit easy access when system
Is tully assembled - see dwa. 7900077 fcr detail.
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(k) CV1O Relief valve

Max. operating pressure 3000 psi
Adjustment range @ rated flow 75-3000 psi
Adjustment sensitivity 700 psi per rev. of

adjustment screw

Internal leakage 4.5 in3/min/looo psi
Repeatability 0.5%

Rated flow’ , 50 gpm

Typé PPN Double A type RO6-10A3

or approved equal

3.3.2.2 Protection

- Bach ram shall be provided with rod wiper to
provide dirt protection for the rod bearing

and rod seal.

Piston rods shall be chrome plated and the

surface polished to a 6~10 micro-~inch finish.

‘Cylinders shall be made from high strength
steel honed and polished internally to a 10-15
micro-inch finish. .

3.3.3 Hydraulic power unit

The hydraulic power unit shall comprise:

Low pressure pump 20 1/min @ 1000 psi, coupled to
a High pressure pump 2 3/min @ 3000 psi

Motor - 4hp, 415V, S50Hz running @ pump speed
Suction strainer

Alr breather and filler cap

Temperature indicator
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Pressure indicator

Level indicator

Clean‘out cover

.Return line filter, 1 micron, with electrical

clogging indicator.

3.3.4 Maintenance data

The supplier shall provide maintenance data for all

hydraulic eéuipment which clearly:

{(a) Describes start up and shut down procedure.

(b) Describes adjustment procedures.

{c) Indicates external lubrication points and the
type of lubricant required.

(d} State maintenance procedures for unique assemblies,

(e} Locates flitld level indicators, full points,
drains, filters, test points, strainers, magnets
etc., that require regularly scheduled maintenance.

(f) Gives instructions for fluid maintenance.

(g) Gives further identification of parts in the
hydraulic components supplied which are commer-
cially available or manufactured to an intexr-
nation standard that provides for uniform coding;
the identification shal; be the part manu-
facturer's Part Number , or as provided by the
Standards Code.

(h) List recommended spare parts.

3.3.5 Data to be vrovided by the supplier

(a) Final diagrams, drawings and text, including the

Maintenance Data, shall conform to the egquipment
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shipped and forwarded to the purchaser not later.
than the time of delivery.

Final diagram of the system shall be supplied to
the purchaser on reproducible material which shall

not be folded,
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Test shall be carried out to ensure that the plant satisfies
the product specification.

The tgst shall be made by visual inspection and physical
measurements as detailed below,

Visual inspection

Visual inspection of the machine shall be carried out to
ensure that it satisfies the maintainability, ergonbmic and
aesthetic as specified in the product specification.

Functional test

The programmable sequence controller shall be programmed
for the control sequence required as shown in the pfocess flow-
chart (pagel62) and the operétion of the machine observed. The
following tests shall be carried out. |

(1) .Control sequence simulation

Prior to fitting the sequence controller in the control
panel, limit switches shall be connected to the input of
the controller and system program (as shown on page 117)
shall be entered into the controller. By'activating the
limit switches in accordance with the process flow diagram
(pagel62)the output LED (light emitting diodes) on the
controller shail be observed'ahd shall follow the regquired
output, as stipulated in the process flow diagram under
control output activated.

(1i) Dynamic test

With the plant completely assembled and the control system
wired as shown in the circuit diagram 79W0079, the 6pe~
rating_progrém shall again be entered intc controller, and

the response of each ancillary part of the machine shall
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be observed. All moving parts of the machine shall move
without jamming or judder and shall operate as reguired
in the process flow diagram. Each ram speed shall be
set to the optimum level of operation. |

Safety test

The cradle in the handling system shall be activated to
simulate a tipping operation and the interlocking switch
'ILSW' shown in drawing no. 75W0O076 deactivated to
simulate the opening of the lock gate. This action must

stop the movement of the cradle.

A switch shall be inserted in place of the band dryer beit
interlock contactor. When this switch is 6pened, it should
put the machine into a state of suspended animation only
during the extrusion stroke, other systems functions shall

remain operational.

Static test

With the extrusion frame fully lowered, the position of

the mast shall be noted (as shown in the Figure below. The

extrusion frame shall then be lifted to the maximum height with

a weight of 250 kg attached to the frame, or loaded into it.

The mast position shall again be noted. The ratio of the deflect-

ion D and the height of the mast H shall not exceed 0.001.

w1l

e
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Performance test

The performance test shall be carried out with the machine
installed over a band dryer.

Prior to loading a cylinder charged with pigment into the
extrusion frame, two empty cylinders shall be placed in the
handling system. The system program (Table 6.]) should be now
entered into the controller, the controller put in Auto Mode
and started. The machine shall be observed to follow the
necessary operating sequence.

The machine shall be allowed to perform oné hundred full
operations and the number and type of failures noted. -

Possible failures are:

(a) Cylinder stuck whilst being pushed out of the extrusion
frame.
(b) Cylinder not well aligned for loading into extrusion frame.
(c) Piston entry into cylinder failure.
If any of these failures should occur, the contreoller shall
‘be observed to carry out the necessary safety routine, as out-

lined in sections E,F,Gand H of the process flowchart.
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SPEED SETTINGS

Longitudinal Ram Speed Setting

Forward settiné CVo 6 - A Average ram speed
Reverse setting CVo 6 - B Average ram speed

Transversing Ram Speed Setting

Push setting CV0 7 ~ A _____Average ram speed

Pull setting cvo 7 - B. Average ram speed
Tipping Ram Speed Setting

Lift seﬁting CVo 8 ~ A _ Average ram speed i
Lowering setting CVO 8 - B Average ram speed

Lifting Ram Speed Setting

Lift setting CVo 4 Average lifting speed _

- A
Lowering setting CV0O 4 - B Average lowering speed
Pahning Ram Speed Setting.
Pan out setting. CVO 5 - A Average out speed
Pan in setting CV0O 5 - B

Average in speed
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The following are definitions of the controller OP
{instruction) codes together with descriptions of respective

instructions.

NOP (NO - OPERATION)

This instruction instructs the sequence controller to
do nothing, except to proceed to the next step. Use of this
instruction is convenient for steps which hecome unnecessary

due to changes in the process.

END {END)
This instruction indicates the completion of one process-

ing cycle.

RET (RETURN)

In the event of a power failure (or external interruption)
this instruction causes the sequence controller to memorize
the step being executed. Upon depression of the START switch
- the step before the power failure (or external'interruption)

restarts.

JMP (UNCONDITIONAL JUMP)
This instruction causes the program to jump to the step
specified by DATA - 1 to resume the program execution from that

step.,

AND (AND)
When two input signals specified by DATA - 1 and DATA 1 2

are present, the program procéeds to the ﬁext étep.

OR (OR)
When either of two input signals specified by DATA - 1

and DATA - 2, whichever comes first is present, the program



~ 159 -

proceeds to the next step.

CNT (COUNTER}
" When the coﬁnting is performed up to the count value
specified by DATA = 1 ( a maximum of 63 counts) at the input

specified by DATA - 2, the program proceeds to the next step.

by

CJp (CONDITIONAL JUMP)

Whén the input signal condition specified by DATA - 2 is
satisfied Eﬁe program proceeds to the step specified by DATA - 1.
* When input signal condition is not satisfied the program

proceeds to the next step.

RPT (REPEAT)
The program is repeated as many times as that specified
by DATA - 1 (a maximum of 63 times) from the step specified by

DATA - 2 to the present step.

TIM (TIMER)
The program proceeds to the next step after the lapse of
the time specified by DATA - 1 (in units of minutes) and by

DATA - 2 (in units of seconds} respectively.

2TM AND (TIME TOGETHER WITH AND)

When the input specifiéd at the second stép following the
2TM™ instrucﬁion is present after the lapse of time specified at
the first step, 2TM instruction, the program proceeds te the

next step.

2TM OR (TIME TOGETHER WITH OR)
When the time specified at the first step, 2TM instruction,

has lapsed, or when any of the input specified in the second
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step following the 2TM instruction, whichever comes first, is

preéent, the program proceeds to the nextlstep.

2LG AND (4 INPUT AND)
When both the two input specified at the first step
(2LG instruction) are present and both the two input specified
in the second step following the 2LG instruction are present, the

program proceeds to the next step. -

2LG OR (4 INPUT OR)
When any of the input specifiéd in the first step
(2LG instruction) is present or any of those specified in the

second step present, the program proceeds to the next step.

NAME AND FUNCTIONS OF OPERATING SWITCHES

On the front panel of the controller operating switches
are provided for writing, reading, andc executing programs and
operating the sequence controller,in'the automatic or manual
mode. These switches are also wired to the front panel of the

control console so‘thét they can be remotely operated.

AUTO/MANU selector switch
AUTO ev.... Automatic operation mode

MANU ...... Manual operation mode.

ouT iNH/RESET Selector switch

OUT INH ...... Used to inhibit output in program checking.

RESET

(1) wWith the PRO CON switch turned on setting the selector
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switch to the "RESET" position causes the controller
to reset to step 00. |

(2) With the PRO CON switch turned off, setting the seclector
switch to the "RESET" position causes the controller to
reset to step 0l. The resetting function becomes effective

only when the STOP switch is ON.

START/STEP switch

In thé automatic mode, turning this switch on causes the
program step execution to start, whereas in the normal mode,

one program step is executed each time the switch is turned on.

STOP switch
Used to stop the program execution and prevent output

transfer to an external device.

NOTE: In the manual operating mode thke program does not
advance even when all input conditions arz met unless

the STEP switch is actuated.



APPENDIX 'E!

PROCESS FLOW DIAGRAM



- 162 =

START

A d

©

WITHDRAW PISTON
FROM EXTRUSION
CYLINDER UP TO
LIMIT SWITCH X1

¥

PAN EXTRUSION
FRAME CLEAR
DRYER UP TO

LIMIT SWITCH X2

YES

LIFT EXTRUSION
FRAME TO FREE

FRAME LOCK
SOLENGID UP TO
LIMIT SWITCH X11

{

LOWER EXTRUSION
FRAME UP TO
LIMIT SWITCH X3

]

LIMIT
SWITCH X6
ON?

YES

4

PUSH EMPTY CYL.
OUT OF EXTRUSION
FRAME ON TQ THE
LOADING TABLE UP
TO LIMIT SWITCH
X4 OR COUNTDOWN

o
&
er] a
[ = = )
O S o [
8w Be e o
A & B
= o g e
R = (g
oObo OO0
0o < OO0 W<
1 Hydraulie
punmp
2 Sol. valve
SVOol-A
1 Hydraulic
pump
4 Sol. valve
SV0O2-A
1 Hyd. pump
7 Sol. valve
SV03-B
12 Frame lock
solenoids
Hyd. pump
6 Sol. valve
SV03-A
12 Frame lock
solenoids
1 Hyd. pump
10 Sol. valve

SV05-A




- 163 -

- SWITCH X4

Y

YES

-

PUSH THE EMPTY
CYL. UNDER THE
HOPPER AND ALIGN
FULL CYL, WITH
EXTRUSION FRAME
UP 70 LIMIT SWI-
TCHES X4/X5 OR
COUNTDOWN (OPEN
HOPPER SHUTTER)

PULL FULL CYL IN
TO EXTRUSION
FRAME UP TO LIM.
SWITCH X8

hd

RELEASE CLY AND
CONT. RETRACTING
UNTIL PULL/PUSH
PLATE CLEARS MAST
I.E. LIM, SW. X9

START PISTON EN-
TRY UP TO LIMIT
SWITCH X10 COR
COUNTDOWN

O
Z
[ [
m Al = A
- o3 o [£5 ]
S| 895K
Bl HEYR
ZHE| EASG
OOl OOM <
1 Hydraulic
pump
8 S0l, valve
) SV04-A
13 Pull ,
- Solenoids
1 Hydraulic
pump
11 S0l. valve
“8V05-B
1 Hydraulic
pump
11 Sol. valve
50V5-B
13 Pull
solenoids
1 Hydraulic
. pump
8. ] Sol, valve
SOVF=E <Y
14 Sol, wvalve

CVOl1-A
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ACKNOWLEDGED)
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LI¥T EXTRUSICN

FRAME CLEAR DRYER

vp ‘TO LIMIT
SWITCH X11

A

PAN  EXTRUSION

FRAME ONTO DRYER

UP TO LIMIT SWI-
TCH X12

3

START COMPACTION
UP TO PRESSURE
SETTING ON PRES.
SWITCH X13 OR
LIMIT sW., X114

EXTRUSION
COMPLETE

(1) START EXTRUS-
ION UP TO LIMIT
SWITCH X14,

(2) BUZZ OPERATOR
TO CHARGE
‘| ANOTHER CYLINDER.

EXTRUSION
COMPLETE*

CALL
ACKNOWLEDGED

CONTINUE EXTRUD-
ING AND CHECK FOR
SYSTEM READY
SIGNAL X31

OR EKD OF
EXTRUSION X14

(5)

COMPLETED

<
5 a8l 5 a8
.
Sex| 9gES
GEE| EEan
c23| 88\mS
1 Hyd. pump
7 Sol valve
SV03-B
12 Frame lock
solenoids
1. Hyd. pump
9 Sol. valve
SV02-B
1 Hyd. pump
3 Sol. valve
SV01-B
T 14 Sol. valve
CvVol-A
1 Hyd. pump
3 Sol. wvalve
SV0l1-B
25 Buzzer
26 Cyl charge
request
light
1 Hyd. pump
3 Sol. valve
‘ SV01-B
26 Cyl. charge
request
light




A .

* There will

be no
operation
here for
l tol
skip to-
eylinder
ratio
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EXTRUSTION
COMPLETED

<_ COMPLETE
. YES
SYSTEM
READY

CONTINUE
EXTRUDING UP TO
X14

B

/%\
\

< THE

r ‘“&ﬁg“<:\}DAD CEE;;>

.\ON ~

T

INFORM
.OPERATOR

— é
|
l

SHUT HOPPER IF

PRESENT MOVE CYL..

AWAY FROM HOPPER

UP TO LIM. SWITCH
X4 '

|

LOCK CYLINDER IN
FOSITION MOVE LOAD
ING TABLE UP TO

- \LIMIT SWITCH X15

]

MOVE TABLE READY
TO RECCIVE EMPTY
CYLINDER FROM
FRAME UNTIL X6

©
=
o 0
58] 3,.8
I v I
O <t 0O
oD 6 & i P~
£+ By A = 5
ZEE | Ez4g
823 S0/ =
1 Hyd. pump
3 Sol. valve
Sv0l1-B
1 Hyd. pump
9 Sol. valve
SV04~B
1 Hyd, pump
8 Sol., valve
SV04-A
15 ~ Cyl. lock
solenoids
1 Hyd. pump
9 Sol. valve

SV04-3B
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(1) BUZZ OPERATOR |
UNTIL-CALL ACK.
X32

(2) INDICATE
FAULT

Y

INDICATE FAULT
UNTIL IT IS
CLEARED X31

(1) BUZZ OPERATOR
UNTIL CALL ACK.
X32 '

(2) INDICATE
FAULT

-

INDICATE STATUS
UNTIL READY
SIGNAL X31

CONTROLLER

OuUTPUT

ACTIVATED

CORRESPONDING

CONTROL

ELEMENT
ACTIVATED

bl
.

27

27

25
28

- 28

Buzzer

Indicator
lightyeyl.
stuck on
ejection

Indicator
light, cyl.,
stuck on
ejection

Buzzer

. Loading

table
empty
ind. light

Loading
table
empty

ind, light
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(1) BUZZ OPERATOR
UNTIL CALL ACK,
X32

(2) INDICATE
FAULT

CONTROLLER

QUTPUT

ACTIVATED

CORRESPONDING

CONTROL
LEMENT
ACTIVATED

|

INDICATE FAULT
UNTIL IT IS
CLEARED X31

(1) BUZZ OPERATOR
UNTIL CALL ACK.
X32

(2) INDICATE
FAULT

}

INDICATE FAULT
UNTIL IT 1IS
CLEARED X31

3]
1521

29

29

25

30

30

H |E

Buzze

Cyl's not
well aligned
indicator
light

Cyl's not
well aligned
indicator
light

Buzzer

‘Piston entry

failure
indicator

Piston entry
failure
indicator
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NEXTRUSTON PROCESS AND APPARATUSH

This‘infention relates to means for extrusion df
a plastic material and particularly provides means for
extrusion of such a matefial comprising a pigmentlor a
precursor'thereqf and water on to the moving conveyor belt
of a belt dry;ng oven, |

In the manﬁfacture of pigménts and particularly
" inorganic pigments such as cadmium sulphide piguents, one
or ﬁore filtration and drying operations are required., In
the drying operation, it is the usual practice to extrude
filter cake containing generally between 40% and 69% by
weight of water by means of a screw extruder and to allow the
extrudate) which has the form of a iiléﬁehfary or cord-like
plastic substance, to settle_under the inifluence of gravity
_oq_to the moving con?e?or belt of a belt drying oven. Ideaily,
the consistency of the extrudate is such %hat it retains its
threé dimensioral form and settles on to the belt in a randomly-
orientated mass of filament or cords, thus providing a high
surface area and air being thus able to circulate readily
thf0ugh_the mass to effect efficient drying. The speed of the‘
belt may be adjusted relative to the speed of extrusion to
allow control to be.exercised ovér the depth of the exirudate
on the belt,

One disadvantage of screw extrﬁders is that

extrusion pressure is applied only to that portion of material
actually in the barrel of the extruder and in consequence any

local zones of inhomogeneity in resrect of water content of

-
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the material affect the quality of the extrudate, 1eadiné
to poor drying, or the efficiency of the extrusion operatipn.
- Thus, a zone of excessive wetnessrwill be extruded as a
flowable material, of even as a slurry, which will not retain
its three-dimensional form on the conveyor helt and will in
consequence not be properly dried. A zone of excéssive
dryness, on the other haﬁd, will ténd to block the extrusién
holes of the extruder.

We have now found that this.disadvantage may be
ovércome by applying exfrusion pressure to a larger volume
of material‘by means of a rah; any local zones of inhomogeneity
thus being eradicated before the extrusion dperation is
performed,

According to one aspect of the inventionm, thérefore;
we provide a process for extrusion of a plastic material
: comﬁrising supplying thé material to a }oading/unloading
station in a container a wall of which has one or more holes
for ;xtrusion formed therein, moving the container to an
extrusion station and, thereéfter, applying extrusion pressure
to the material by means of.a ram,

Preferably, pressure is applied in two stages, in
‘'which a lower pfeésure than that required for extrusion is
first applied to compress the material and to cause any excess
' wetness, for éxample, to be exuded, and in which a higher
pressure is then applied for extrusion,

We have found that pressure exerted by the
extrusion ram is sufficient to compress substantially the
entire charge of plastic material in the container prior to

extrusion to an extent sufficient to eradicate any local zones
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inhomogeneity with respect to water content in the cherge.

Any excess water in local 2oncs.is either distributed
substantially throughout and taken up by the remainder of

the charge or is expelled through extrusion holes prior to
extrusion of the'plastic maferial. The remaining plastic
material, on extru51cn, has a consistency such that it retains

its threeqéiegenlc;;I\Torm and settles on the belt in a

e

i_‘—-__,__//

randomly-oriented mass of filamentary or cord-like material
thich provides a high surface area for drying air to
circulate readily thrcughcut the mass. A further advantage
is that higher extrusion pressures obtained with ‘apparatus
accofding to the invention compared with prior;art extruders
such as screw extruders result in extrudate being more
compact end hence stronger and less pr&ie to collapse or
Q;;;k;ge on the conveyor belt.

According to a second aspect of the invention,
apparatus for extrusion of a plastic material comprises a
container for holding a quantity of materia; and having one
"or more extrusion holes formed in a wall thereof and being
adapted for location in a cage movable between a loading/
unloading station and an extrusion”stat;on, and ram means
vhich can be entered into the container fcr exerting
pressure on tﬁe material at least when the container is‘at
the extrusion station,

Preferebly, apparatus acccrding to the in?ention
is used in combination with a conveyor belt or other
carriage means‘for receiving exfruded material, for example,

" the belt of a belt drying oven, and the loadlng/unlcaulncr

station is located at or near floor level and the extru51on
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statioﬁ is located above the belt so that the extrudate
settles under the influence of graviéy on to the helt.
| The contéinér may have for convenience the form
.'af a hollow right circular cylinder closed at one end,
extrusion holes being formed substantially longitudinally
through the c¢losed end, hoies additionally or instead being
fdrmed radially through the cylindrical wall, One or more
"dowels arelpréferably provided on tﬁe underside of the
‘container for location of the container in the cage. The
. yam preférably comprises a piston which can be enfered‘into
the cylinder through the open end aﬁd which is a éliding
it within the cylinder, suitable sealing means such as one
or more spring rihgs being provided cigéquerentiqlly arouhd
the pistén. The piston 4s connected vi; a piston rod to
activating means which may"be screw—bperated, hydraulically
operated or the like. We prefer to use a doubleiacting
hydraulic cylinder and piston assembly which may'act_
directly or indirectly on the ram.

The cage preferably comprises a reinforced
 framework havipg_a base and a roof section and at least one
open side for facilitating loading wifh and unloading of ‘the
container. The base of the cage is provided wifh one or more
holes genera;ly larger in diameter than the extrusion holes
of the container and positioned to be in registration.wifh the
said extrusion holes when the container is correctly located
on the base of the cage and, when 1ocating dowels are fixed
to the underside of the container,is'further provided with
one or more correspondihg holes for receiving the dowels.

One way of providing movement hetween loading/
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unloading and extrusion stations is to mount the cage on é
pylon for longitudinal-sliding movement relative thgreto, in
a substantially vertiéallplane, the pylon being itself carried
on a chassis for longitudinal sliding ﬁovement relative -
thereto .in a substantially horizontal plane, Movement of the
pylon and the cage relative to-the pylon is each breferably
prdvided by means of a reépective ram, for example, a hydraulic
. ram, which may act.either directly oé indirectly; Alternatively
aﬁd preferably, movement of the cage on the pylon is controlled
by means of a hydraulically-operated piston mounted subsfantially
parallelltb the longitudinal.axis of the pylon and in the
' region of the upper end thereof, -the lower end of the piston
having attached thereto a pulley, one eﬁg-of a chain or other
Plexible support means heing attached to a mounting point
towards the ilower end of the pylon and the other end being
passed over the pulley and attached to the cage, thus
impartiﬂg a mechanical advantage to the‘movement of the cage
relative to tﬁe movement of the piston, |

Means for activating-the extrusion raﬁ may be
mounted eifher on a structure fast with tﬁe upper end of the
pylon so that the activating means is in registratidn'with
the ram‘when the container in the cage is at the exﬁrusion
station or, alternatifely, activating means may be mognted
directly on tpé cage, The latter arrangement is to be
preferred due to the ram thus being capable of being securely
attached to the ram activating means irrespective of the
presence or absence of a container in the cage and
irrespective of whether the cage is at the extrusion station

. oxr at some other location.
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To facilitate loading and unloading of the cage,
locating dowels when fixed to the underside of the container
dre each provided at the lower end with a spherical castor or
other bearing means and the pylon base section is provided
with npstanding pegs corresponding in number aﬂd relative
position wifh the container dowel locating holes in the base
- of the cage., Thus, wi?h the cage at the loading/unloading
station at the lower énd of the pylon so that the underside
"of the cage rests on the pylon base section, the pegs fit
into the said locating holes and thereby displace the locating
dowels of a container in tﬁe cage, Each peg is adapted to
have a substantially flat upper surface which is flush with
the floor of the cage when the latter is at the loading/ |
unloading station so that a container cah be rolled on its
" spherical castors either in.to or out of position relative
to the pegs and hence to the locating holes,

The apparétus is suitable for use with a plurality
~0f containers to0 minimize downtime during container charging
and handling operatious, ’Thus, a container handling svstem
suitéﬁle.for use with apparatus according to the inﬁention
may includé a charging station for charging an empty
container with materigl t0 be extruded, aﬁd a holding station
for holding a charged containér pending loading into thé cage
of the apparétus, together with means for simultaneously
removing an eﬁpty container at the loading/unioading station
and transporting it to the charging station, transporting a
charged container from the chargiﬁg station to the holding
station and trgnsporting a further charged cbntainer from the

holding statjion to the loading/unloading station.

[
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Aﬁparatus according to the invention will now be
described by way of example with refereﬁce to the accompanying
drawings, of which:- o
| Fig. 1 is a perspective view;

Fig. 2 is a section along the line II - II of
. Fig. 13 |

Fig. 3 is a section along the line XII - IXIXI of

Fig. 1 o
Fig. 4 is a diagrammatic sectional view of the

container located in the base of the cage;

Fig. 5 is a diagrammatic sectional view of the

~container at the loading/unloading station; .
Fig. 6 is a diagrémmatic illustration of ihe

| loading/ﬁnloading and extrusion stations, and
Figs. 7 and 8 show the location of 1limit switches
‘ on the épparatus.

Referring to Fig.l1, apparatué accofding to the
'invehtion is shown consisting essentially of a chassis 11, a
Pylon comprising an upstanding secfion 12 and a base section 13,
and'é cage i&. Chassis 1l comprises a pair of longitudinal
channel girders 15 suitably end-braced by girders 16 and 17.
The inwardly-facing web surfaces of girders 15 are each
provided with a runner 18 (one side only shown) for 'sliding
movement of the pylon thereon (uee also Fig. 2). The rumers
extend longitudinally between end gl*der 16 and an intermediate
cross-element 19.

The pylon upstanding section 12 comprises a pair
of fabricated structures 20 suitably cross-braced at their

ends (21 and 22) and at intermediate locations (23 and 24).
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The upstanding section is rigidly secured to base section 15
which comprises a girder framework consisting of a pair of
longitudinai angle gifdefs 25 cross-braced at their ends,
cross-hrace girde;j26 being remote from the upstanding section
and cross~brace girder 22 being coﬁmon with the lower end cross
bracing girder of the upstanding section. The base section
(see also Fig.2) is adapted to slide longitudinally between
chassis girders 15 and is carried fo£ this purpose on runners 18,
<Wheels or rollers 27 (shoﬁn in dotted outliné‘in fig.l) are
Jprovided on the outside of angle girders 25 for facilitating
such siiding movement, which is controlled by means of piston
‘rod 28 acting on cross-element 19. and powered hydraulically
by two-way hydraulic cylinder 29. _ |
The.cage 14 consists essentiélly of a base~mémber
30 and a roof member 31 held in spaced-apart relationship
'by means of a reinforced framework comprising end members 32
and intermediate reiﬁforcing ribs 33. Tﬁe cage is open-sided
oﬁ at leasf one side for providing access for loading and
unloading containers. The base is provided with four holes
34 ( ‘three only visible in Fig.l) for receiving locating
dowels on the underside of the container. Further hdles.35
are provided for paésage therethrough of extruded material,
A double-acting hydraulic cylinder 36 is.secured to the roof
of the cage and is connected with piston 37 for exeriing ram |
extrusion pressure on the material in the container. The cage
" is mounted for longitudinal sliding movement with respect to
the pylon upstanding section by means of rollers adapted to
roll on the inner sides of the channel sections of Pﬁe

» longitudinal fabricated structures, the roller axles being
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secured by nuts 38 to plates 39 attached to the cage, Sliding
movément is controlled by double-acting hydrauliec cylinder 40
the piston rod of which is comnected to a pulley 41 over which
pagsses chain 42 secured at one end to the pylon at 43 and at
the other.end to the base of the cage. .

Fig. 2 is a c;oss-seétion throﬁgh the chassis and
pylon base ﬁember to show the arrangement of the runners and
the‘wheels. In addition to elements 15, 18, 25 and 27 alread?
referred to, Fig.2 illusfrates a longitudinal platé 44 secured
to the upper surface of each girder 15 for acting as a cover
for the runners and longitudinal bearing strip 45 secured to
the inward-facing edge of each runner to prevent skewing of
the pylon base section between the chas§3§ longitudinal girders

with conséquential.interruption to smooth running., The

o ———- rs i . .

material of the bearing strip may be, for example, white mefgl
or nylon. ' |

Fig. 3 is a cross~section tﬁrough the pylon
éhowing paxrt of the cage and the means by which sliding movement
of the cagé relative to the pylon ié facilitated. The
fabficated structures 20 each comprise a box girder 46 to
-which is attached a pair of longitudiﬁal plates 47 to create
1bngitudinal channel sections which are érranged to be inwardly
facing. To the cage 14 is atfacﬁed a pair of plates 39 on
which'there are rofatahly mounted, by means of nuts 38, rolle;s'
48 which bear on the inner sides of the channél seciions.
Elements 24 and 25 are respgctively a pylon cross-brace and
pylon base section longitudinal gifders (see Fig.1).

Figures 4 and 5 are schematic representations of

the containers. In Fig.4, the container 49 is located in and
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is.supported by the base 30 ﬁf_the cage, locating dowels 56
 being positioned in holes 34 {see Fig.1). Extrusion holes 51
'ére in registration with larger diameter holes 35 formed in
the base of the cage. The dowels are equipped with spherical
castors 52, _

In Fig.5, the coptainer is shown at the leoading/
unloading station standing with spherical castors 52 on
upstanding pegs- 53 located in a member itselfrsecured to the
base section of the pylon, the pegs having displaced the
1ocafing dowels 50 froﬁ holes 34 as the_Cage.was‘iowered an
to the said bhase section, the upper surface of pegs 53 being
essentially flush with the floor.(i.e. the upper surfaée of
‘the base 30) of the cage to faciiitate loading and unlodding
of the cage by. rolling the container onTZAstors 53.

Figure 6 comprises two diagrams 6A and 6B showing
the apparafu§ schematically in the loading/unloading station
and the extruding station respectively in relation to the
belt éfyiﬁg oven shown in cross-section at 54,

In & process according to the invention for
éxtrusion of a plastic material, extrusion rate is controlled
by'controlling the extrusion ram p;essﬁre.'Wheré extruded
material is allowed to settle onamoving cenveyor belt; for
example, the belt of a belt drying oven; the depth of material
on the belt may be controlled either b? controlling +<he
extrusion rate ani/or by controlling the speed of the conveyor
belt. "

For the purpose oZf dr&ing a pigment or a precursor
thereof in a belt drying oven, the optimum depth of extrudate

-

-_6n the belt is normally about four inches.
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Apparatus according to the inven£i§h ﬁa§‘b;
controlléd by hydraulic control weans in'standard ﬁanner and
its operation is facilitated by use of limit switches to
.indicate the position of various components of the apparétus
at various stages:in the process.

Figures 7 and 8 indicate the positions of limit
switches X1 to X6 and X8 to X15 on the apparatus illustrated

in Fig.l, the switches being involved in the various stages

of the process of operating the apparatus as follows::
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START

y

WITHDRAW PISTON
FROM EXTRUSION
CYLIRDER UP TO

LIMIT SWITCH X1

&

PAN EXTRUSION
FRAME CLEAR
DRYER UP TO

LIMIT SWITCH X2

YES

LIFT EXTRUSION
FRAME IO FREE
FRAME LOCK

" SOLENOID UP TO |
LDAT SWITCH X1l

y

LOWER EXTRUSION

FRAME TP 70
LIMIT SWITCH X3.

S

o

LDarT.
SWITCEH X6
ON?

¥

YES

PUSH B2TY CYL.
OUT OF EXTRUSION
FRAME ON TO-THE
LOADING TABLE U?
TO LIMIT SWIICH
X4 OR COUNTIDOWN

!
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PUSH THE EMPTY
CYL. UNDER THE
HOPPER AND ALIGN
FULL CYL. WITR
EXTRUSION TRAME
UP TO LIMIT SWI-
TCHES X4/X5 OR
COUNTDOWN (OFEN

EOPPER SHUTTIER)

. ————— -
o - -
ek —— v

PULL FULL CYL IN
TO0 EXTRUSION-:<
.1 FRAME UP TO LY.
"{ SWITCE X8

R A

H

hd

RELEASE CYL AND
CONT. RETRACTING
UNTIL PULL/PUSH -
PLATE CLEARS MAST
I.E, LTM. SVY. X9

4

START PISTON EN~-
TRY UP IO LIMIT
SWITCH X10 COR
COUNTDOWN

ENTRY A
FAILURE
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LIFT EXTRUSION

FRAME CLEAR DRYER

ur 10 LIMIT -
SWITCH X1l

v

PAN  EXTRUSION .
FRAME ONTC DRYER

‘ ]UP TO LIMIT SWI-
. . - TCH X12

‘!

START COMPACTIC,
» |UP TO PRESSURE
SETTING ON PRES.
SWITCH X13 OR
JLBMIT SW.  X14

EXTRUSTON
COMPLETE

(1) START EXTRUS-
IOR UP TO LIMIT
SWIICH X14.

(2) BUZZ OPERATOR

TO CHARGE

ANOTPER CYLINCZR.

EXTRUSION
COMPLETED CALL

ACKNOWLEDGED

o

% (OR CALL

ACKBOWLEDGED) CONTINUE, EXTRUD-

ING AND CHECX FOR
SYSTEM RZADY
SIGNAL X31

OR END OF
EXTRUSION X14
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-y

o ()
: . .. EXTRUSION

' YTRUSIOR
COYPLETE
X . . COMPLETED I
] Lo SYSTEM
- * . - P\EA.DY *
CONTINUE
* ~. «. 1 EXTRUDING UP TO
. ' X14
L) "o . - )
. SR
. < THE ~N_ "
I— — —na?—< 104D CELL 2
: There m.ll TOOR
Lo be no . .
operation S X0
hese for 5
1ol _ o . 1
skip to- | INFORY |
eylinder .- 1. OPERATOR
‘. ratio l e TEr {
esint s
o : v
o _ P | SEUT EOPPER IF
L PRESENT MOVE CYL.
. - . ’ . * o+, tAWAY FROY HOPPER
.-« 7 [UP.TO LDM. SWIICE
T ’ . Co. B ) ._ . XQ
s CLonT LT LOCK CYLINDER IN
S _ [POSITION MOVE LOAD
. S 7. |ING TABLE P TO
* R Dt LIMIT SWITC3 X135
N .
) s 11
e . . MOVE TABLE RTADY
= . e N TO RECEIVZI Z{TY
. © "+ | CYLINDER TROY
- _ FRAME UNTIL X6
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(1) BUZZ OPTRATOR )
USNTIL CALL ACK.
x32 .

(2) INDICATE.
FAULT

*

v

INDICATE . FAULT
UNTIL IT IS5
CLEARED X31

" *I(1) BUZZ OPERATOR

CUNTIL CALL ACK.
. - X32 ..

"1(2) INDICATE

FAULT

Y

INDICATE STATUS
UNTIL READY
SIGNAL X31
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' (1) BUZZ OPT2ATOR
' UNTIL CALL ACK.
s - X32

(2) INDICATZ
: FAULT

Ny

, INDICATE PATLT
- : UNTIL IT IS
o CLEARED I31-

g A
- e -
—— ks W

. (1) BUZZ OPZRATOR
- - UNTIL CALL ACR.

_ x32 .

(2) DNDICATE

. PATLT

g

INDICATE FATLT
UNTIL IT° IS
CLEARED X3
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CLAIMS: ‘ h e _...._._-._.._....u..___,,_,,__»...,.

1. A procees for extrusion of a plastic material
comprising supplying the material to a loading/unlioading
station in a conrainer a wall of which has one or more holes
for extrusion formed therein, moving the container to an
extrusion station and, thereafter, applylng extrusion pressure

to the material by means of a ram.

2, | A.procése as claimed in Claim 1 in which pressure
is applied in two stages in which a lower preseure than that
required for extrusion is_first:applie& to compress the
material and to cduse any excess wetness, for example, eo be
exuded, and in which a higher pressure {s then applied for

extrusion.

3. Apparatus for extrusion of a plastic material

comprices a container for holding a quantity of material and

‘having one or more extrusion holes formed in a wall thereof

and being adapted for location in a cage movable between a
loading/unloading staiion and an extrusion station, and ram
means which can be entered into the container for exerting
pressture on the material at least when the container is at

the extrusion station,

4, ' Apparatus as claimed in Claim 3 in cowbination
vith a conveyor belt or other carriage means for receiving

extruded material, .. the loading/unloading station being

located at or near floor level and the extrﬁsion station being
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located above the belt so that the extrudate settles under
the influence of gravity on to the belt.

\
h
]

5. : Apparatus as claimed in Claim 3 or 4 in which

the cage is mounted on a vertical pylon for longitudinal

'sliding movement relative thereté, in a substantially vertical
. Pplane, the pylon being itself carried on a chassis for

1dﬁgitudina1 sliding movement relative'therefo inia

substantially horizontal plane.

o e —— - o
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ABSTRACT

Plastic hateria1 such as pigment filter cake

is extruded in filamentary form for drying by méans of a ram
extruder which eradicates_iocal. zones oirfgﬁaﬁpgeneity.
Pressure nay be applied by the ram in two stages; a lower
pressure to homogenise the material followed by a higher
pressure to extrude it, | |

| Apparatus for carrying out the proceés comprises
a coﬁtainer transportable in cage between a loading/unloading

station and an extrusion station.
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Layout of Extrusion Plant

Extrusion Machine Assemblf
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Base Fabrication

Details
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_———

Extrusion Frame Top Plate

Extrusion Frame Subfabrication
Extrusion Frame Yoke Fabrication
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Cylinder Transporting/locating Arrangement

Extrusion Cylinder Fabrication

Extrusion Cylinder Machining Detail

Extrusion Cylinder

Fabrication Pieces
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Piston Fabrication

Piston Machine Detail

Piston Assembly

Control Schematic

Detail

Extrusion Machine Perspective View

Part List for Extrusion Machine Ass.Drg.No.79%W/0008

Part List for Base-Mast Zubassembly DrgsNo.75W/0009

Part List for Positioning-Ram Mounting Detail

Drg. No.

79W /0013
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Filter Cake
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Filter Cake
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Equipment
Equipment
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Filter Cake Handling Equipment
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Frame Column
Transfer Platform

Transfer Platform
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Table Fabrication
Table Top

Table Angles
CLEVIS BRACKET

Tilting Cradle

Cradle
Cradle Fabrication
Table Stub Axle

Table Stub Axle

Longitudinal

Filter Cake Handling Equipment Assemble

Hopper Shutter.(Filter Cake Handling Equipment)

Shutter Track (Filter Cake Handling Eguipment)

Filter Cake Handling Equipmént Part List
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Filter Cake>Handling Equipment Side Mounted Cradl

Extrusion Plant Limit Switch Position

""Extrusion Plant Hydraulic Piping

- Extrusion Plant Drawing Chain Mounting Petail

Wiring Connection to Sequence Controller
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79w /0081 Control Wiring Input Connection

79W/0082 . Bottom Plate for Cowan Plant

79W00/83 _ _Flapper Guide |

79W,/0084 Extra Hole Detail on Extrusion Cylinder/
{(Cowan Plant)

79W/0085 Die Plate Mouthpiece

79W/0086 Transverse Loading Ram Mounting Detail

79/ 0087 Part List for Drawing No. 79W/0086



3.

11,

- 198 -

REFERENCES
Project 77A Extrusion of Pigments Project Report. Abtahi, I.,
Griffiths, L.E., Ogunnubi-Johnson, F.B . O0'Riordan, B.P.,
4th August 1978, | ‘
Hodginson, ﬁ.R., The Plain~flow Extrusion of Plastic Clay.

British Ceramics Research Association Special Publication

. No. 41, 1962.

Bishop, A.W.% Henkel, D.J., The Measurement of Soil Properties
Arnold (London) 1962. | |

Abstract. A.S.T.M, Special Publication No. 361. 1963.
Nonhebel, G., and MossiA.A., Drying of Solids in the
Chemical Indﬁstry. Butterworth {(London)} 1971.

Parkins, R.N., Mechanical Treatment of Metals, George Allen
& Unwin Ltd., London,

Johnson, W., and Kuds,H., The Mechanics of Metal Extrusion
Manchester University Press. 13962,

Shappard, T., and Greasley, A., Powder Metallurgy 1977

No. 1 P; 26..

Purchase, N.W., and Tupper, S.J., J. Mechanics and Physics
Solids 1952-53, 1, 277.

Pugh, Stuart. Quality Assﬁrance and Design: Problem of
Cost Versus Quality, Quality Assurance Vol. 4 No. 1

March 1978, 4.

Carroll, J.T., and Bellinger, T.F., 'Designiﬁg Reliability

.into Rubber and Plastic AC Motor Control Equipment' IEEE

hY

T}ans. Industry and General Applications 1969 IBA - 5

' NO.‘.' .4' 455-64.



12,

13.

14,

15,

16.

17..

- 199 -

Marples, D.L., The Decision of Engineering Design, The

- Institution of Engineering Designers, 1960.

Pugh, Stuart 'Load lines' An Approach to Detail Design'

ﬂThe ?roduction Engineer = January/February 1977,

15 - 18.

Capper, P. Leonard, Cassie, W., Fisher, The Mechanics of
Engineering Soils E.& F.N., Spon, London.

Kouchi, Y., Programmable Sequence Controller for Process
Control. Automation April 1980, 25.

Siebel, E., and Fangemeier E., Researches on Power Consump=
tion in the Extrusion and Punching of Metals. Mitt X.W.
Inst, fur Eisenforchiing, 1931, 13, 29 - 43,

Sachs, G., and Eisbein, W., Power Consumption and
Mechanism of Flow in Extrusion Process. Mitt Material S.

16' 1931' 67 - 96.



4.
5.

7.
8.
9.

10.

11.

12,

13.

14,

- 200 -

BIBRLIOGRAPHY

Hirst, S. & Urse}l, D.H., Proceeding of the Conference
on Technology of Engineering Manufacture 1958 Paper No. 32
Institution of Mechanical Engineering 19589.

Feltham, P., Metal Treatment 1956 23, 440.

Sheppard, T., & Chare, P.J.M., Powder Metallurgy‘ 1872,
Vol. 15 No. 29,

Sheppard, T., & Raybould, D., ibid 1973 101, 33.
Sheppard, T., Powder Technology 10, 1974, 257.

Hill, R.J., Iron & Steel Institute 1948, 158, 177.
Molerus, O., Powder Technology 12, 19875, 259.

Newton, J.M., & Grant, D.J.W., Powder Technology 9,1974, 295,

'Bladgett, Omer W., Design of Weldments The James F.

Linceoln Arc Welding Foundation Cleverland, Ohio,
Hydraulic Handbook 5th Edition Trade & Technical Press
Limited, England. '

Pugh 5., Manufacturing Cost Data for Desigher

" The Production Engineer, 209, June 1972,

Davis, B,J., A Comparison of Castings and Fabrications for
Structural Elements in Machines Foundryman Vel37,1977,204
Heginbotham, W.B., Programmable Aﬁtomation CME

November 1977, 79.
Pitts, G., Taking the spade work out of digging for

‘Information CME, March 1977, 65.






