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ABSTRACT

-»A hydraulic press is utilized to make dlfferent ercaloy compacts by adding alloying
elements to ercomum sponge on-lme The press is equipped Wlth automatic weighing
and dosing system to dispense Zirconium sponge and alloys into press dle-caV1ty The
alloys are sandw1ched between the layers of. Zirconium sponge in a predetermmed
pattern

This dissertation aims at: _ ‘

1) Development of apphcatlon program for Programmable Logic Controller (PLC)*
to control press operatlons and on-line weighing and dlspensmg the different
materials into die-cavity. PLC rece‘ive:;:_ various set points from PC based Human

: Machine Interface (HMI) and sends the actual values lfor opei'ator information,
| logging and alarm generation. PLC also sénds the data to mimic status of various
sub-systems. | |

2)- Development of PC based operator interface using CIMPLICITY HMI package
for computation of composition of allojing elements in weight percentage of

- compact, based on chemical analysis of sponge. PC communicates with PLC over

serial interface.
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INTRODUCTION CHAPTER 1

3
The 2000 Ton hydraulic press plays a vital role in manufacturing the alloys of zirconium
from zirconium sponge. There are diffefent alloys of zirconium used in the nuclear [S]-
applications, mainly zicalloy-2, zircaIon;4; zirc-niobium?2.5%, and zirc-niobium1%
prepared in Nuclear Fuel Complex (NFC). The New Melt Shop is one of the units of
NFC where zirconium comes in the form of sponge in lots from Zircon'iumVSpon‘ge Plant
and it is converted into alloys. The main units of the New Meli Shop are 2000 Ton
'hydraulic press, Electron Beam Welding (EBW)"Machine and Vacuum Arc Rémelting A
(VAR) Furnace. ' ' |

The zirconium, which is a basic cdmponent for alloy, comes to hydraulic press in form
- of sponge. The press is used to make compacts of the zirconium sponge and alloy
elements, and then the compacts are welded in the EBW machine to make cor:sumable
electrodes for the VAR furnace. The product comes out of the VAR 'in the form of ingots
* which is then transferred to the fabrication plant for making the cladding material of
nuclear fuel pallets. The alloy elements are mainly tin, niobium, chromium, iron and
~ nickel. An Auto Dosi'hg' System (ADS) does the weighing and dispensing of the alloy
elements to the press. The ADS is an assembly of number of storage bins and welghmg
mechanism for zirconium sponge and alloy elements.

To control the operations and sequences of the press and the ADS a PLC (Programmable
‘Logic Controller) is required which can handle the large number of inputs and outputs
generated in the process, they may be digital >asv well as analog. To control the whole
system a PLC is installed with an operator interface unit as a PC. In the existing scenario
the ADS is not functioning and only the press is controlled by an old PLC in semi
autornatw mode and the dosing to the die cavity of the press is being done manually. The
compacts of alloys earlier produced in 2—layer sandwiching pattern, now being produced
in 3-layer sandw1ch1ng pattern. o

Auto dosing system (ADS) is a generic term and it can be used for any system which is
used for feeding of raw materials into the final manufacturing process and does not have
any Ihanual intervention. The ADS has been proved to be a very useful part in marﬂly‘
systems but being an addition to the system cost it can only be applied for those systems |

in whjch the following factors are to looked into:

Al




e Fast and effective working

e Accuracy of the quantity of raw materials

e Safety of the workers (for example in nuclear industry) g

e Hygiene (for example in pharmaceutical industry)

e Fully Integrated Production Unit. |
The ADS used in this dissertation work is for the automatic dosing of the alloys
components for the formation of alloy, which is described in the next topic. The other
dosing systems are | ' ‘, 3

e Chemical Auto Dosing System [7]

e Dosing system in Food and Beverages Industries.

e Automated Production Line [8]

e Automatic Dosing Machine for Priming Compositions [9]

1.1. AUTOMATION POLICY [9]
During the design of any automatic system for a process the designer has to follow some
strict logics in his/her preliminary approach A
e He/she must be familiar with the process.
e He/she must anticipate causes and effects
e He/she must restrict risk factors
e Accessibility

. Iﬁtegration df 100% inspection in line

1.1.1. SIMPLIFICATION OF THE PROCESS
. Reducihg the number of operations;
e Using standardized equipment;
e Appropriate design of special equipment.
1.1.2. LOW CONVERSION COSTS
e Flexible equipment;
e Adaptable equipment.

1.1.3. MASS PRODUCTION
e Specialized automatic equipment;

e Standardized assembling;




e Flexibility;
‘e Minimizing variants;
e Simplifying conversion tools;

e Re-using existing tools.. ' 2

1.2. AUTO DOSING SYSTEM (ADS)

The main role of ADS in producing the alloys is to feed the zirconium sponge: and
alloying elements to the press to make compacts of different alloys. The raw material
which comes in form of loté to the ADS consists of zirconiurr; sponge which contains
different compositions of impurities which are indicated on a lot card comes with the lot.
By thé analysis of the lot card the"supervisof decides the type of mix which is to be
preparing for the production of different alloys; accordingly the alloying -elements are
~ added. Th¢ alloying elements are mainly zirconium oxide powder, niobium, tin, nickel,
ferrous and chromium. The weight of one compact is generglly around 20 kgs. aThe lot

weighs 200 kgs. comes in drums to the ADS.

1.2.1. COMPONENTS OF ADS

The ADS consists of 11 bins for the storage of zirconium sponge and différent alloys.

The whole-system is divided in three zones.

* . Zone A , | 4
e - The material is fed to the ADS with the help of a skip hoist in which the drum is

3

~ loaded and there is a motor, which moves in both directions, this helps the skip
hoist to lift the drum to the top. One hopper is used to pour the zirconium sponge
to the storage bins. _

e There are five storage bins B1, B2, B3, B4 and BS. ’

o Bins Bl to B4 contain zirconium sponge of different compositions according fo
the impurities present in the lot.> The BS contains zirconium oxide powder (ZrO»).
The capacity of B1-B4 is 506 Itrs and of B is 20 ltrs. {

e The lids of the bins Bl to- B4 are opened and closed with the help of actuators
and the lid of the B5 is manually operated. 2

e ' The feeding to the bins B1-B4 is done by the hopper through a chute. The chute

is rotated by a‘motor and stops on the corresponding bin.
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There are two weighing bins also, W1 and W2. The capacity of W1 is 30 kgs.

~ with accuracy +/-30 gms. . The capacity of W2 is 1 kg with accuracy +/- 1 gms..
- The material to these weighing bins is fed by five vibrofeeders F1 to F 5. Feeders

F1 to F4 feeds W1 and F5 feeds W2. There is one another vibrofeeder FW1 which

receives the material from W1. ,

Then the material gets transferred from FW1 to a cone blender, which is rotated

by a motor to mix the zirconium sponge and zirconium oxide powder. The

capacity of cone blender is 40 ltrs. The cone blender has to be purged with Argon
gas in order to avoid the fire hazard because zirconium is pyrophoric.
Zone B '

pJ

- This zone consists of two storage bins B6 and B7 both with capacity of .50 trs.

~ cach. Bin B6 is used for the storage of niobium and B7 is used to store tin pellets.

There are two vibrofeeder under éach bin F6 and F7 respectively; they are used
to drop the material in the weighing pan W3.
There is one weighing pan W3 to weigh the material from the bins B6 and B7.

J

The material from this weighing pan is fed to one vibrofeeder FW3.

: There is one more vibrofeeder F C, which receives the material from the cone

blender.

The material from both FC and FW3 is dispensed on one conveyer belt.

3

% ZoneC

e The number of storage bins are four here, B8-to B11. The storage bin B8 contains

zirconium oxide powder and it is of capacity 20 ltrs. The bins B9 to B11 contain
iron, nickel and chromium respectively.'The-capacity of each of the bin is 5 ltrs.
Each bin is installed with one vibrofeeder under it, which are F8, F9, F10 and F11

respectively. ’

- There are two weighing pans W4 and W5. W4 weighs the material coming from

B8 and W5 weighs the material coming from bins B9-B11. The capacity of W4 is -
1 kg with weighing accuracy of +/- 1 gm and the capacity of W5 is 500 gms with

accuracy of +/-0.5 gms.




There are two other vibrofeeders FW4 and FW5, and they receive the material
from W4 and W5. Ultimately all this material is fed to the conveyer belt 2.

' This conveyer belt is called telescopicl conveyer belt because it can shift, itself in

- two positions with the help of actuators. From this conveyer belt the material is

fed to the hydraulic press.

1.2.2. OPERATION OF ADS

‘As described earlier that the function of ADS is to feed zirconium sponge and"

alloymg,elements into the hydraulic press. The zirconium sponge and the alloymg

elements should be dispensed into the die cavity of the hydraulic press in such a

fashion that they should make a sandwich structure either of four layers or three

Iayers that means first layer of zirconium sponge then second alloying elernents then

third zirconium sponge layer like that till the last Iayer of zirconium sponge.

.~ ..Zlrconium sponge... ... .. )

alloy efements’

zirconium sponge

alloy elements

. Zirconlum sponge - 3

Fig 1.1 Sandwich Structure of Alloy Compact

The sequence of flow of material till die cavity of the hydraulic press is as follows:

First the maferial rises up in the skip hoist as the operator presses the load switch.

From the skip hoist the material is fed to the corresponding bins B1 to B4

according to the commands from the operator. ’

With the start command the cérresponding {/ibrofgeder (F1-F4) starts and runs in

course speed until the weight in W1 becomes 80% of the set point value, which is
decided by the weight of one compact, after that the vibrofeeder starts running in

fine mode till the set point reached. Then next Vibrofeede;r will start if its material

is also to be added in the compact same as the first one, similarly others will also

function.

After conﬁrmmg that the Welght mn W1 is under tolerance the W1 will get open

and pour the zirconium sponge -on FWl
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‘  The ﬁlhng of BS IS done manually and according to the need (demded by the
quant1ty of the materlals shown in the lot card) it is fed to FW1 by weighing it in
- W2 till the set pomt reached. ' '
Before putting the material in the coné blender by FW1 first the swing chute is to
be moved up ahd cone blender lid is to be open and then FW1 will start.
After pouring all the material in the coné blender the lid is to be closed and rotate
for parﬁcular number of ‘times and in last the top part of the cone bleqdér will
- come down and its lid will get open and the material will dispensed into FC. |
' Before starting of the FC and conveyer belt 1, the operator must be 'aséured that
the ram of the press is up and the conveyer belt two iS in required position;
“Then move the conveyer belt 2 to position to dispense the material in die cavity of
press and then start it, as soon as conveyer belf 2 starts, start conveyer beltj 1.
At the same time FC also starts but due to required sandwich structure of the
ccompact FC has to run in four/three different 1nsta11ments
As the first installment from FC reaches FW1, it will also get start and feed the
material which is ready on it in similar fashion of installments on the conveyer
Cbelt1 ‘
- The same is from FW4 and FW5, then the whole material is feeds toJ the die
. cavity of the hydraulic press and the conveyer belt 2 comes in its earlier position,
if the material on conveyer belt 2 more then tﬁe required for the compact then belt
start moving in reverse dlrectlon and the material is d1sposed to a container kept
there, this decision is taken by the operator only.
" After dispensing the materlal in d1e cavity the ram of’ hydraulic press apphes hlgh

* force on the alloys to make a compact '







1.3. HYDRAULIC PRESS '
The 2000 T hydraulic press is the blggest press in NFC Its main function is to make

compacts of different alloys of zirconium. This section descnbe about the equipments of
the press and its operation. ’
1.3.1. Equipments
The main components of the hydraulic press are:
e Slide: The slide is the main ram, which is used for the pressing operation. The
ram applies force on the compact placed in the die. '
e Die lift: This consists of a die cavity in which the alloy elements”and the
~ zirconium sponge are dispensed. This die moves ‘up-and down with the help of
cylinders. |
e Unloader: This is used to unload the prepared compact from the die cavity. It
‘ ‘moves in forward and backward cl»irection With the help of cylinders. Al
e Pumps: There are three pumps main pump, pilot pump and auxiliary pump. »
A They are used to move the above-mclltioned parts of the press. ‘
There are basically three operating modes of the press and a selector switch does

switching from one mode to other mode. The three modes are described below:

1.3.2. Auto Mode Operation: - V 3
Selector switch is in  Auto Mode”. Auto cycle command is given to the press through
PC then the remaining sequence of operations for the press is same as ‘Semi Auto’

mode.

1.3.3. Semi Auto: o 1
Selector switch is on Semi Auto function. The basic operations are briefly described
here

% Top of the stroke
Initially slide is at the top of stroke. All solenoids are in'de-energized condition. Die

lift cylinders in down position. And unloader slide is in retracting position. =




< Fast advance:
Dépressing RUN buttons starts the operation and this moves the slide down fast for

some time

% Pressing: ‘
Aftor fast advance the slide starts moving in slow speed till the pressing of the
compact is not over. This is done with help of timer. - ‘

» Holding: |

- “After stopping, the slide holds in the die cavity for some time, which is set by a timer.
This is done for not allowing the compact to expand which changes the required

parameters of the compact. ' b

<> Decompression:
After holding the slide for somé time, decompression starts.

% Fast Return: .
After decompression the main operation is to remove the compact from the die, for
this the slide moves up again with fast speed and then the die lift moves upward.
Then the unloader moves forward to get the prepared compact from the die. As the
unloader comes below the die lift the slide again moves down and removes the
compact from die and shifts it to the unloader. Then the unloader retracts and drags

the compact out and dispense in the container.

1.3.4. Inch function : :
Selector switch is in inch mode. In this mode the operations are carried in discrete
fashion by moving the parts inch wise with the help of buttons. The main operations

are follows:

* Inch down:
Depressing inch down drives the slide to move down in pressing speed till it réachos
tho die cavity or inch down button is released. '

% Inch up: |
Depressing inch up button drives slide to move up till the inoh up button is reléased or

interlock is not satisfied.

After this operation of the die lift cylinder started by first pressing the die lift ‘cylinder

inch up button, to move the die lift up, then unloader slide inch forward is pressed to




move the unloader inside. Then the slide comes down by pressing the inch down for
the slide this removes the compact from the die. Then the unloader slide inch retract
.is pushed to retract the slide. Again the die lift has to bring down by pressing the inch

down button for die lift.

SCHEMATIC OF THE 2000 T HYDRAULIC PRESS 3

Fig 1.3. Schematic of Hydraulic Press

1.4. ORGANISATION OF THESIS
The whole thesis of dissertation is distributed in four chapters.
Chapter 1: Introduction: this chapter covers the introduction bf Melt Shop of NFC,
Hyderabad, basic points about general Auto Dosing System, description of

2

ADS of Melt Shop, description of Hydraulic Press operations.

10




Chapter 2: Automation of the System: this chapter describes the components required for
4the automation of the Dosing System like sensors, PLC, PC.

- Chapter 3: Logic Analysis: This chapter describes the logic developed for the opejration
of ADS.

Chapter 4: Human Machine Interface: this section describes the features of general HMI
and the CIMPLICITY. It also describes the function of each and every screen

developed for this dissertation.



AUTOMATION OF THE SYSTEM ' 7 CHAPTER 2

As the name of thé system describes Automatic Dosing System means it utilizes the
automation techniques for its sequential operations. The main parts of the automation are
the sensors, actuators, PLC and the PC. This chapter describes about the sensors and used

“in the ‘sys:tem and basics of PLC.

¢ 2.1. SENSORS AND TRANSDUCERS
‘A sensor is a device to detect changes in the environment such as energy, heat, light,

magnet, supersonic, etc. and converts them to electric signals. Some simple sensors can
distinguish between only two different states of the measured variable. Such sensors are
called switches. Other sensors, called transducers, provide output signals- (usually
electrical) that vary in strength with the condition'being sensed. Figure 2.1 shows the

difference in outputs of a switch and a transducer to the same sensed condition.

. . . o .

A ) . Iy
: / % =~ — 1 — sswitch outpat
o .
&iT pressars
. Switching olts ansducer
beihgseimeldl b — - - — — = — hi volts out. transducer
: i i\ leve ) 7 7/ output
1 - ‘A . '
i 1
{ i ' 1 L !i j. [ i i 1 I t
i 2 & Y 2 ty
time lime

Fig. 2.1. Swntch output versus transducer output (swntch without hysteresis)

2.1.1. Sw1tches »

E
" The most commonly used sensor in industry is still the simpie, inexpensive limit switch,
' showri in Figure 2.2. These swifcches are intended to be used as presence sensors. When
"an object pushes against them, iever action forces ihternal connections to be changed.
Most switches caﬁ be wired as either normally open (NO) or normally closed (NC). If a
force is. requn'ed to hold them at the other state, then they are momentary :contact

sw1tches Switches that hold their most recent state after the force is removed are called

detent sw1tches

12
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- Most switches are single throw (ST) switches, with only two positions. Switches that
haye a cénter position, but can be forced ‘in either direction, to either of two sets of
contacts, are called double throw (DT). Most double throw switches do not close any
circuit when in the center (normal) position, so the letters "co," for center off, may appear
on the spec sheet. Switches that éhange more than one set of contacts (“poles"]) with a
singlei,"thfow" are also available. Thesé switches are called double pole (DP), triple pole
(TP), etc., instead of the more gorﬁmon single pole (SP). In switches designed for high
current appiications; the contacts are made crude but robust, so thaft arcing does not
destroy them. For small cufrent applications, typical in computer controlled applications,
it is advisable to use sealed switches with plated contacts to preveﬁt even ‘a slight
éonoéion ,layer or oil film fhatAmay radically affect current ﬂow; Small limit switches are

often called microswitches.

———
- NO
T .
; . - S ] O COMMOTN
SPST
! - » - NO, e
' ) A & C()ﬂ\'(‘!“;)ﬁs DEST

SP DT
Fig.2.2. Limit Switches.
2.1.2. Non-Contact Presence Sensors (Proximity Sensors)

The limit switches discussed in the previous section are "contact” presence sensors, in
that they have to be touched by an object for that object's pfesénce to be sensed. Céntact
sensors are often avoided ih automated systems because wherever parts touch there are
wear and a potential for 'evenfcual‘ failure of the sensor. Automated systéms are

increasingly being designed with non-contact sensors. The three most common types of

13




: 1
non-contact sensors in use today are the inductive proximity sensor, the capacitive

proximity sensor, and the optical proximity sensor. All of these sensors are actually
transducers, but they include control circuitry that allows them to be used as switches.
The circuitry changes an internal switch when the transducer output reaches a certain

value
¢ Inductive proximity sensors

The inductive proximity sensor is the most widely used non-contact sensor due to its
small size, robustness, and low cost. This type of sensor can detect only the presence of -

electrically conductive materials. Figure 2.3 demonstrates its operating principle.
‘ 2

Thé supply. DC is used to generate AC 1n an internal coil, which in turn causes an '
alternéting rhagnetic field. If no conductive materials are near the face of the sensor, the
only impedance to the internal AC is due to the inductance of the coil. If, however, a
conductive material enters the changing magnetic field, eddy currents are generated in
that conductive material, and there is a resultant increase in the impedance to the AC in
the proximity sensor. A current sensor, also bﬁilt into the proximity-sensor, detects when
" there 1s a drop in the internal AC current due to increased impedance. The current sensor
controls a switch providing the outpﬁt. | |

. induction gl
ascillitor . [generales

(sencrates AC)  changing o
' : magnetic. 5|  magnetic field
: \ field) ¢metal sensing region}
- ¥ " v L
o { G \\ ‘ R mm
o .
. | | K, {11 iy -
N DC omtpug O
{NO or NCavail. \
. . current Sensor

Fig 2.3. Inductive Proximity Sensors.
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% Capacitive proximity sensors
. 3

Capacitive proximity sensors sense "targetf' objects due to the target's ability to be
. electrically charged. Since even non-conductors can hold charges, this means that just
about any object can be detected with this type of sensor. Figure 2.4 demonstrates the

principle of capacitive proximity sensing.

nternal vapacitor pluge
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v )
: !
Y + 1
DC output o- ' )

Fig 2.4 Capacitive Proximity Sensors.

Inside the sensor is a circuit that uses the supplied DC power to generate AC, to Ineasure
the.cui'rent in the internal AC circuit, and to switch the output circuit when the amount of
AC cﬁrrent changes. Unlike the inductive sensor, hdwever, the AC does not drive a coil,
but instead tries to charge a capacitor. 'Remember that capacitors can- hold a charge
because, when one plate is charged positively, negative charges are attracted into the
other plate, thus allowing even more positive charges to be introduced into the figst plate.
Unlesg both pIateé are present and close to eaeh other, it is very difficult to cause either
plate to take on very much charge. ‘Only one of the required two capacitor plates is
actually built into the capacitive sénsor. The AC can move current into and out of this
‘plate only if there is another plate nearby that can hold the opposite charge. The tafget
being se‘nsed acts as the other plate. If this obj‘ect is near enough to the face of the
capacitive sensor to be affected by the charge in the sensor's internal capacitor plate; it
will respond by becoming oppositely charged near the sensor, and the sensor will then be

able to move significant current into and out of its internal plate.
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% Optical proximity sensors

Optical proximity sensors generally cost more than inductive proximity sensbrs, and
about the same as capacitive sensors. They are widely used in automated systems because
they have béen available longer and because some can fit into small locations. These
sensors are more commonly known as light beam sensors of the thru-beam type or of

the retro reflective type. Both sensor types are shown in Figure 2.5."
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Fig. 2.5 Optical Proximity Sensors.
The-light source is supplied because it is usually critical that the light be "tailored" for
the light sensor system. The light source generates light of a frequencyv that the light
sensor is best able to detect, and that is not likely to.be generated by other nearby ssources.

Ihfrajred light is used in most optical sensors. To make the light sensing system more

' foolprbof, most optical proximity sensor light sources pulse the infra-red light on and off
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. at a fixed frequency The light sensor circuit is de51gned so that light that is not pulsing at

this frequency is rejected

The light sensor in the optical proximity senéor is typically a semiconductor devjce such
as a photodiode, which generates a small current when light energy strikes it, or more
: comnfonly a phototransistor or a photo darlington that allows current to flow if light
strikes it Early light sensors used phot;pconducﬁve materials that became better

conductors, and thus allowed current to pass, when light energy struck them.
2.13.Load Cell o o :

- Aload cell is classified as a force transducer. This device converts force or weight into an
electrical signal. The‘sfrain gauge is the heart of a load cell. A strain gage is a device that
ehanges resistance When-it is stressed. The gages are developed from an ultra-thin heat-
treated metallic foil and are chemically bonded to a thin dielectric layer. "Gauge patches”
are then mounted to the strain element with specially fofmuleted adhesives. The precise

: positiening of the gauge, the mounting procedure, and the materials used all have a
measurable effect on overall performance of the load cell. Each gauge patch consists of
one or more fine wires cemented to the surface of a beam, ring, or column (the strain

. element) ‘within a load cell. As the surface to which the gauge is attached becomes
strained, the wires stretch or compress changing their resistance proportion;l to the

* applied load. One or more strain ga\uges are used in the making of a load cell. Multiple
strain gauges are connected to create the four legs of a Wheatstone-bripdge conﬁguraﬁon.
When an input \.foltage is applied to the bridge, the output becomes a veliage proporﬁonal
to the force on the cell. This output can.be amphﬁed and processed by conventional

electrlcal 1nstrumentat10n !
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Fig 2.6 Wheatstone Bridge

% Cantilever Load Cells B
 Shear strain beam for use in all pfocéss weighing lapplications and also engineering force
in compression or tension. These load cells are ideally suited to process weighing
applications which have harsh environmeﬁtal requirements. The design configuration
allows them to be used for installations for tank, hopper, weigh platforms or weigh
1

bridges. ‘
Rangés: 0.5,1,2,4,8,12 and 16 tonne.

- y
LoCIT h

Fig 2.7 Cantilever Load Cell

2.2. ACTUATORS

2.2.1. Pneumatic Cylinders

Compressed air is a form of energy. In order to put it to work, you need to turn the energy
into something like motion. This is frequently done with a pneumatic cylinder. A
_pneumatic cylinder simply converts air pressure into linear motion. A "double-acting"

cylinder has two ports for compressed air. . ?
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A "doﬁble—acting" cylinder has two ports for compressed air.

© Resdswich

Fig 2.8 Double Acting Cylinder

There are two ports in the cylinder and when the air enters from port 1 the piston moves
in forward direction and when the air enters from port 2 the piston moves in backward
direction. The rod of the piston is connected to the part of machine which has to be
moved. In ADS the lids of most of the bins are operated through these Double Acting
Cylinders. ' |

]
)
L~

Fig 2.9 Double Acting Cylinder in Storage Bin lid
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2.3. PROGRAMMABLE LOGIC CONTROLLERS (PLC):

The basic function of a programmable contrdllér is to provide ouiput commands to a
machine or process that are based on some combination of input conditions received from
- the rﬁachine or process or othef related conditions. The internal Wiri;lg of a
programmable controller is fixed and the logic 'funqtio'n which it must perform in a given
application are programmed into its‘ memory and hence the name “PROGRAMMABLE
CONTRQLLER”. A processor with built in routine SCANS the incoming signals and in
accordance with the programs stored in the memory, initiates correspondin;; output
signalé. The new PLC that is planned to be installed for this system is the latest Siemens
- make SIMATIC S7-300. The software used for the same is STEP-7.

Definition : As per NEMA Standards a progré.rnmable controller is defined as a
“DIGITALLY' OPERATING ELECTRONIC APPARATUS” which uses a
Programmable memory for the storage of insﬁuctions for speciﬁc functions such-as logic
' sequeﬁcing, timing, .bounting, and arithmétic » control through digital or analog
input/outpl_lt modules, various types of machines or processes. A digital computer, which
is used to perform the function of a programmable controller, is considered to be within

- this sc_:ope. ,

2.3.1. Constituents of PL.C

The PLC is basicaliy a programmable interface between the field input elements
like limit switches, sensors; transducers, push buttons etc. and the ﬂnal ¢ontrol elements

. like actuators, solenoids valves, drives, LEDs etc. - - 4

% Central Processing Unit (CPU)

K/
*

Input Module.
Output Module.

%

...

< Bus System.

Power Supply.

- 7
0.0
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PLC

Power supply ‘
Module o 2
v
CPU
‘ . - Program 2
' ' : Memory - : \
.Input module :> : : _ : j::> ‘ Output module

A

& Inpu_f Module:

Final control
Sensors Elements

Process/ machine

f‘ig 2.10 Funétional Block Diagram of PLC
‘ 1

It converts the field signals into a standard control signal for-proc'essing

by PLC. The standard control input delivered by the input module could

be 5V or 9V whereas the field signal received by it could be say 24V DC

or 230V AC. | | |

Multiplexing of the inputs, thereby helping in serial communication. vv

It can be analog or digital depending upon the tybe of the ‘input.

Typical analog current input modules are 4 to +/- 20 mA, 0 to +/-20mA - |

and analog voltage input module are 0 to +/- 50mV,.0 to +/; 500mV & 0

to+-10V. |

' Typical digital input modules are 24V dc, 120V AC and 230V AC.
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Central Processing Unit: '
‘The CPU consists of the following: -
. Arlthmetlc loglc unit (ALU)

<,

<+

e Program memory. |
°. Proeess image memory (i.e. internal merfnery of the CPU)
: * Internal timers and counters. ' A
& Output Module:
- @ The output module converts the output signal delivered by CPU into the
appropriate voltage level suitable for the output field device.
o'The voltage level provided b); the CPU could be 5V of 9V, but the output
_ module converts this voltage to say, 24V dc, 12OV AC or 230V AC
% Power Supply:
“The power supply module generates the voltages reqaired by the
“electronic modules of the PLC from mains supply. Typically 1 phase, 230V
. AC supply is converted into 24V DC for the power supply module. It should
be ﬁoted that CPU needs 24V DC inpuf and other voltages requ_irezl by the
- PLC hardware such as 5V DC ete. is generated by the CPU.
Addltlonal Modules

()
*

'In addition to the above listed modules the PLC may ase other modules like

e Interface module.
e Communication processor module.
e Position control module.

~ *° High speed module.

2. 3 2. WORKING OF PLC
PLC carries out its operation in three steps:
°:°E Brmglng Input Status Signals To The Internal Memory Of CPU:
e At the beginning of each cycle the CPU brings in all the field input
signals from input module and stores them into its internal memory as
process input image of input signal. This internal memory of CPU is
called as PIL. - : o S
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o - The pr‘ogrammablé controller operates cyclically meaning when
compléte program has been s‘canned; it starts again at the beginning of

| ' - the program. ‘ | |

2 Processing Of Signals Using Program & Updating PiQ:

o | Once the field status is brought into the intemal memory of the CPU i.e.
in PII, the executlon of the user program, statement—by-sgatement
beglns Based -on the user program the CPU performs logical and

| arithmetic operations on the data from PIL

e It also processes timers and counters as well as flag states based on the
instructions. . |

o The results of the user program scan i.e. decisions are then stored in the
internal rﬁemory of CPU. This memory is called process imag; output
orPiQ. | ‘ |

" % Sending Process Image Output To Output Module:
| At the end of the program run i.e. at the end of scan cycle, the CPU transfers
the signal states in the process image output to the output module and further

.
to field controls. ‘

2.3.3. FACTS ABOUT PLC PROGRAMMING:
e - The programming language used in programmmg of SIEMENS- make
- PLC is called “STEP-5” for SIMATIC S5 family PLC or STEP-7 for
" SIMATIC §7 family of PLCs. - d
. W'ith STEP-7 / STEP-5 language the usér can communicate with
SIEMENS make PLC, respectively SIMATIC S5 and SIM_ATIC S7-300
/ 400. | |
e  The programming of the PLC can be done on the general purpose PC by
loa_dihg it with ASTEP—S or STEP 7 software and then the program can be
loaded using an ADAPTOR. An adaptor is a serial communication
provided from the PC to CPU of PLC.
‘e The programming can be done off-line and on-line. Off-line
programming means writing the prbgramming instructions in the PC and

- not in the User Memory. ' 1
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e Online programming means the programming unit is directly connected
to the progfamming port of the CPU and then the instructjons are

directly written in the user memory of the CPU.

2.3.4. FORMS OF PROGRAMMING LANGUAGES:
~ One of the important features of STEP-7 / STEP-5 programming language is
' its tremendous flexibility. We can write program in any -one of the following
forms: | j
- Statement List:
| This method of programming uses mnemonic abbreviations -in
programming. The statement consists of: | |
e An operation, which specifies what, is to be done. A indicates AND
operétion to be done, O indicates OR operation to be done etc. 4
e An operand, which specifies where the operation is to be done. It
consists of operand identifier & parameter. For instance I 2.3 conveys
that the operation is to be done on the Sjg‘nal at input (indicated by D)
wi{:h address 2.3 |
The complete statement in this case is: l ' 1

: ATl23
< Control System Flowchart (CSF) / Functional Block Diagram (FBD):

~ The control System Flow Chart method (C‘SF) / Function Block Diagram
(FBD) uses graphical symbols to formulate the control task..e.g.

123 Q16 , ’

14.1 | | |

&

.Fig 2.11 Graphic Symbol of AND Logic
This method is preferred by those who are more familiar with logic

symbols / logical machine and process siequence. .4
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< Ladder Diagram (LAD):
The ladder diagram uses relay logic symbols to formulate the control task.
ThlS arrangement gives the LAD method the ‘appearance of the schematic circuit

4
diagram of a hard-wired control.

3 123 141 | Q.1.6 |
——— ()

Fig 2.12 Ladder Diagram of AND Logic

2.4. COMMUNICATION BETWEEN _PC AND PLC

Different types of connections do communication between PC and PLC. Serial linkages
‘are far more common between computers and PLCs because very high speed
communication is not essential for proper performance. A serial link transfers the data as

a string of pulses. Additional bits are required for synchronization and error detection.

Typical transmission speeds are from 1200 bits per second to 19,200 bits per second.

2.4.1. SERIAL LINKS
A primary consideration in the industries is that the data transmission is cheap and
reliable. For this reason the standard topology at the field level is the serial bus on which
data are sent sequentially. Some of the interface standards for data transmission, which
are froquently used at the field levél, are RS-232C, RS-422, RS-485, and current loop.
The data transmission between the PLC used with the auto dosing system is done by Both
RS-232C and RS-485.
RS 232 stands for Recommended Standard number 232 and C is the latest rev151on of the
standard. The serial ports on most computers use a subset of the RS- 23 2C standard The
- full RS-232C standard specifies a 25- -pin "D" connector of which 22 pins are used. Most
of these'_‘pins are not neede‘d for normal PC communications, and indeed, most new PCs
are equipped with male D type connectors having only 9 pins.
RS-485 is a standard for multipoint comfnunication It supports several typ’es of
connectors including- DB-9 and .DB-37. RS- 485 which specifies bi- dlrectlonal half

duplex data transmission is the only Electronic Industry Association (EIA) standard that
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allows multiple receivers and drivers in-bus configurations. The table on the next page

compares the specifications of RS-232 and RS-485.

Specifications RS232 RS485
Mode of Operation Single-Bnded Differential
Allowed no. of Tx and Rx 1Tx,1Rx 32Tx,32 Rx
Maximum o_able length 50 feet 4000 feet
Maximum data rate 20 Kkbps 100 kbps/10 mbps
Minimum driver output range H-5Vto+-15V +-15V
Maximum driver output range +/-25V +/-6V ’ ’
Tx load impedance (Ohms) 3k to 7k 54
RX input sensitivity -3V +-200 mV
Rx input voltage range +/-15V -TVto+12V
Maximum Rx input re51stance(0hms) 3kto 7k - >=12k

Table 2.1 Features of RS232 and RS485

2.4.2. COMMUNICATION PROTOCOL
The major limitation of serial data cornmunication is that the information transmitted has

no specific meaning Unlike in parallel wiring‘echeme there is no physical attribute to tie
the information to a particular meaning. A protocol must be agreed by both the parties
© (PC and PLOC) deﬁnlng the meaning of information transmitted across the serlal links.

| Usually a message is prefaced with 1dent1ﬁers spemfymg the block of data to follow, and
then the actual data. | |

There are different types of communication protocols supported by different PLCs, They
are as follows:. , ' o 1

<> Modbus Protocol |
The common' language . used by all Modicon controllers is the Modbus protocol. This
protocol defines a message structure that control_lers will recognize and use, regardless of |
the type of networks over which they communicate. It describes the process a controller
uses to request access to another device, how 1t will respond to requests from the other

dev1ces and how errors will be detected and reported It establishes a common format for
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: 1
the layout and'contents of message fields. During communications on a Modbus network,

Ath‘e'pr:otocol determines how ,eaclr controller will know its device address, recognize a
message addressed to 'it', determine the kind of action to be Ataken, and extract any data or
other information contained in the message. If a reply is required, the controller will
construct the reply message and send it using Modbus protocol.

"!’ Transactions on Modbus Networks | |

, Standard Modbus ports on Modrcon controllers uses an RS-232C compatlble serial
interface that defines connector pin outs cabling, 51gnal levels, transmission baud rates,
and parity checking. Controllers can be networked directly’ or via modems. Controllers
communicate using a master—slavete‘chnique, in which only one device (the master) can
initiate transactions (called ‘queries’). The other devices (the sla\/es) respond by
suppl)}ing the requested data to the master, or by taking the action requested in the query.
Typical master devices include host processors arld programming panels. Typical slaves
include programmable controllers. The master can address individual slaves or can
initiate a broadcast message to all slaves. Slaves return a message (called a ‘response’) to
queries that are addressed to them 1nd1v1dually Responses are not returned to broadcast
quenes from the master. The Modbus protocol establishes the format for the master’s
‘query by placing into it the device (or broadcast) address, a function code defining the
requested action, any data to be sent, and an error—checking field. The slave’s response
message is also constructed using Modbus protocol. It contains fields conﬁrtning the
action taken, any data to be retumed, and an error~checklng field. If an error ocgurred in
receipt o‘f the message, or if the slave is.unable_ to perform the requested action, the slave

will construct an error message and send it as its response.

Query message from Master o ‘

Device Address ’ Device Address
Function Code | Function Code ’ 1
[~ Eight-Bit | ™ Eight-Bit ~ |
— Data Bytes —1 B * |~ DataBytes —
Ercor Check ‘ *Esror Check

" Response message from Slave

" Fig 2.13 Query Response Cycle )
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% The TWo Serial Transmission Modes
Controllers can be setup to communicate on standard Modbus networks using either of
tWo_ transmission modes: ASCII or RTU. Users select the desired mode, along with the
serial port communication parameters (baud rate, parity mode, etc), during configuration
of each controller. The mode and serial parameters must be the same for all devices on a
Modbus network. | ’
e - ASCII Mode |
When controllers are setup to communicate on a Modbus network using ASCII
(American Standard Code for Information Interchange) mode, each 8-bit byte in a
message is sent as two ASCII characters. The main advantage ef 'tnis mode is that it
~ allows time intervals of up to one, second to occur between characters without causmg an
error. The format for each byte in ASCII mode is: A
| Coding System: Hexadecimal; ASCII characters 0-9, A-F
' One hexadecimal character contained in each

ASCII character of the message

Bits per Byte: 1 start bit ' 1
| - 7 data bits, least significant bit sent first

1 bit for even/odd parity; no bit for no parity

1 stop bit if parity is used; 2 bits if no parity
Error Check Field: Longitudinal Redundancy Check (LRC)
In ASCII mode, messages start with a ‘colon’ ( : ) character (ASCII 3A hex), Jand end
with a ‘carriage return — line feed’ (CRLF) pa1r (ASCII 0D and OA hex). The allowable
 characters transmitted for all other fields are hercadecimal 0-9, A—F. Networked devices
monitor the network bus continuously for the ‘colon’ character. When one is received,
each device decodes the next field (the address field) to find out if it is the addressed
device. Intervals of up to one second can elapse between characters within the message
Ifa greater interval occurs, the receiving dev1ce assumes an error has occurred. A typical

message frame is shown below.
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- . 1
Start Address Function Data LRC check | End
1 CHAR 2 CHAR 2 CHAR = |N CHAR |2 CHAR 2 CHAR
| CRLF
: 1
' Table 2.2 Data Frame in ASCII Mode
~« RTU Mode |

When controllers are setup to communicate on a Modbus network using RTU (Remote
Terminal Unit) mode, each 8-bit byte in a message contains two 4—bit hexadecimal
characters. The main advantage of this mode is that its greater character density allows
better' data throughput than ASCII for the same baud rate. Each message inust be

transmitted in a continuous stream. The format for each byte in RTU mode is:

~ Coding System: 8-bit binary; hexadecimal 0-9, A-F
Two hexadecimal characters contained in each
8-bit field of the message
1 start bit , | 4

: Bits per Byte:

B 8 data bits, leasf significant b1t sent first A

1 bit for even/bdd parity; no bit for no parity .

1 stop bit if parity is used; 2 bits if no parity
Error Check Field: Cyclical Redundancy Check (CRC)

Start . Address Function Data CRC End
check

T1-T2- 8 BITS 8 BITS | N*8 16 T1-T2-

T3-T4 | BITS BITS T3-T4

Table 2.3 Data Frame in RTU Mode
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¢ CRC Checking .
In RTU mode, messages include an error—checking field that is based on a Cyclical
Redundancy Check (CRC) method. The CRC field checks the contents of tlie entire
message. It is applied regardless of any parity check method used for the individual
characters of the message. |

The CRC field is two bytes, contammg a 16-bit blnary value. The CRC value is
calculated by the transmitting device, which appends the CRC to the message. The
receiving device recalculates a CRC during receipt of the message, and compares the
calculate'd value to the actual value it received in the CRC field. If the two values are not
equal results an error.. _

The CRC is started by ﬁrst preloading a 16—b1t register to a11 1’s. Then a process beglns
of applying successive 8-bit bytes of the message to the current contents of the register.
Only the eight bits of data in each character are used for generating the CRC. Start and
stop bits, and the parity bit, do not apply to the CRC.

' During geﬁeration of the CRC, each 8-bit character is exclusive ORed with the register
contents. Then the result is shifted in the direction of the least significant bit (LSB), with -
a zero ﬁlled into the most significant bit (MSB) posmon The LSB is extracted and
examined. If the LSB was a 1 the register is then excluswe ORed with a preset, fixed
“value. If the LSB was a 0, no exclusive OR takes place. This process is repeated until
| eight :shifts have been performed. After the last (eighth) shift, the next 8-bit byte is .
exclusive ORed with the register’s current value, and the process repeats for Ieight more
shifts as described .above. The final contents of the register, after all the bytes of the
message have’ ‘been apphed is the CRC value. When the CRC is appended to the
message the low-order byte is appended first, followed by the hlgh-order byte. ’
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,LOGiC ANALYSIS - . - CHAPTER3

This chapter shows the logic analysis part of the system in textual form. The logic
analysis is the logic of interlocks to operate't'he: actuators. The dots bullets shows the
AND operation between the interlocks.
Tethfal description of interlocks _
By load command the motor of the skip hoist starts liﬁing the drum to dispense the
material into the storage bins through a hopper and the moving chute. Before Ioadmg
there are lots of 1nterlocks or conditions to check like whether the lid of the respectwe bin
is open or closed and chute is ON that bin. So we start w1th the opening of the lld of the
~bin.
- 3. 1 Interlocks to dispense the lot in the bins.
<> Open the lid of the bin

‘e Required bin is selected.

e Bin is not full.

e The lid of the bin is closed.

e Chute position is not above the required bin to be fill.

X4

o8

If the chute above.the required bin it needs to be displaced
e Chute is above the bin.
e Lid of the bin is closed.

: e Required bin is selected.

<+ Chute moves until it comes back above the opened bin.

e Chute is not above the bin. | |

‘e Lid is open.

e Required bin is selected.

"o
D

Chute sfays above the bin until a set time and move agaih to close the bin.
e Chute is not above the bin. .-
e Bin is open.

% Upward motion of the skip hoist.

Skip hoist upward movement is allowed Only if: 1

e Hopper is open
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e The motor is not overload.
e Chute is ON the required bin.
e Lid of the bin is open.
e Upper limit switch closed (normally closed).
. Feedback from the doanard motion.
< Downward rﬁotion
: o Lower limit switch is closed (NC).
. e Feedback from the upward motion.
For making the required number of compacts from a lot a counter has been set to repeat
the operations until the required number of compacts has been made. Let say n number of

. . N . 2
compacts are required and initially the counter C1 is 0 and increment till n.

For Cl1=0ton
{

3.2. Interlocks for the movement of the vibrofeeders.
% To stop the course speed of the vibrofeeder below the required bin.
) le is closed. _ v | _ !
e Required bin is selected. »
o Weight in W1 is above the 80% of the set point.
e Feedback from the fine speed.
‘e (1 is not equal to n.
% To stop the fine movement of the vibrofeeder. 3
e W1 is closed.
e Required bin is selected.
o Weight in W1 is above the set point value.

e The weight is between the tolerance value.

e Feedback from the course speed. Coa

3.3. Interlocks to open W1

e Weight of the material from each feeder is under tolerance.
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Increment the counter by 1 by opening of W1.’

3.4. Interlocks for dispensing the material in the cone blender.
¢ The swing chute is .up.'
| e Cone blender is ON top.
‘o Cone blender is close.

%+ Open the cone blender |

e Cone blender is ON top.
e Swing chute is up.
e Cone blender is not open.

2 Motion of the vibrofeeder FW1.
. .Cone blender is ON top.
e Swing chute is down.
e Cone blender is open.

% Motion of vibrofeeder F5.
e BS5 is not empty
e W2 is horizontal.
e BS is selected.
e The weight in W2 is below set point.
e The wéight is not under tolerance.

% Tilting of the W2,
o Select BS5. | A
e Weight in W2 equal set point. '
e FWI1is ON.

3.5. interlocks for the dispensing the material from cone i)lender to vibrofeeder FC
% Swing chute up. 1
» o After feeding the whole material from FW1 to cone blender by a timer T6.
"% Cone blender close.
e Swing chute up.

e After time lag from T6.
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.
X3

Purge Argon Gas in cone blender.
e Cone blender in to position.

e Cone blender is closed.

X3

9

Rotate cone blender to mix zirconium sponge e;nd oxide powder.
e Swing chute up.
e Cone blendef close.
° VCounter C1 after three and half rotation and cone blender is fn down
, position. |
* Open cone blender.
| e Cone blender down.

‘e Three and half rotations of the cone blender.

2

ot

Close the cone blender to rotate it back to top position.

*,

' e After a time lag given by timer T8 taken to dispense the mixer ON the FC.
Close W1.

o

3.6. Interlocks for dispensing the material from W3 to FW3.
“* Motion of F6.
e B6 is selected.
e W3 horizontal.
e Weight in W3 is below the set point value.
- F7 is stopped.
e B6 is not empty.
e Weight is not in tolerance.
< Motion of F7.
¢ B7 isselected.
e W3 horizontal.
e Weight in W3 is below set point value.
e 6 is stopped. ' |
e B7is not empty.
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s Tilt W3,
e After stopping of both of the feeders F6 and F7.

3.7. Interlocks for dispensing the alloy elements from W4 to FW4.
< Motion of F8. |
| ¢ B8 is selected.
e W4 horizontal.
.o Weight in W4 is below the set point value.
o B8 isnot empty.

e Weight is not under tolerance range.

2

% Tilt W4,
e After stopping of the feeder F8.

e Tilt again to horizontal after a fix time by a timer.

3.8. Interlocks for dispensing material from W5 to FWS5.
'3'3 Motion of F9. ‘
o B9 is selected.
‘& W5 horizontal.
e Weight in W5 is below the set poinf value.
e Fl10and F11 are stopped.
e B9 is not empty.
. Weightv is not under tolerance range tolerance,
¢ Motion of F10.
- o B0 is selected.
e WS horizontal.
o Weightin W5 is below the set point value.
e F9and F11 are stopped.
° B10 is not empty.

e Weight is not under tolerance range.
*30' Motion of F11. |
v e BI11 is selected.
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. Tilt W5.

WS horizontal. | -
Weight in WS is below the set point value.

F9 and F10 are stopped.

B6 is not empty.

Weight is not under tolerance range. 4

After stopping of all three of the feeders F9, F10 and F11.

Tilt again to horizontal after a fix time by a timer.

3.9. Interlocks for dispensing the material from conveyer belt 2 to the die cavjity
of the hydraulic press. : '

%' Move the conveyer belt 2 to position (2) close to die cavity.

Ram up signal from press.

Conveyer belt 1 off.

*¢* Motion of conveyer belt 2

Conveyer belt in position (2). ?

Either

Or

Cone blender open.

Cone blender down.

Conveyer belt 2 ON. , 1

¢ Motion of conveyer belt 1

Conveyer belt 2 is ON.

The vibrofeeders FC, FW3, FW4, and FW5 disp_ense the total material on the conveyer

belts in installments to accomplish the sandwich pattern of the comipact in the die. So a

counter has been applied according to the number of the layers (2 layer sandwiching or 3

layer sandwiching). Let say I is counter and 3 layer structure is required then'

ForI=0to 3

{

% Movement of FC.

Conveyer belt 1 is in motion.




_‘ e Conveyer belt 2 is in motion.
e Timer T17 is ON.
e Iisnotequalto 3.
% Movement of FW3,
e Conveyer belt 1 is in motion.
e Conveyer belt 2 is in motion.
e Timer T22 is ON.
e Iisnotequalto3.
%+ Movement of FW4.
e Conveyer belt 1 is in motion.
. Conveyer belt 2 is in motion. °
e Timer T25isON.
e [isnotequal to 3.
¢ Movement of FWS5.
e Conveyer belt 1isin motioﬁ.
e Conveyer belt 2 is in motion.
o Timer T17 is ON.
e Jisnotequalto 3.
Increment the counter.
}
Reset the counter by
¢ Cone blender down.
: . Cone blender opeh.
< Stop the conveyer belt 2.
e [isequalto3.
e FC,FW3, FW4, and FWS5 are stopped.
% Stop the conveyer belt 1. |
e Conveyer belt 2.
e FC,FW3,FW4, and FWS are stopped.
e [isequalto3. |
“END OF THE COUNTER C1”
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HUMAN MACHINE INTERFACE (HMI) | '~ CHAPTER 4

, 1
The HMI is _where people and technoIogy meef. The HMI is a combination of people and

'.equipr:nent interacting to produce a desired result from given input. The majority of
industrial control system are needed sophisticated HMI.
One of the key reasons to integrate PLCs and computers is to is to obtain superior man
machine interface. PLCs generally do not have an embedded HMI. The PLC system has
processmg capability and excellent I/O system for dlgltal information. The HMI has a
graphlc display system in the form of an operator station. To take the advantage of this it
is necessary to have the PLC and PC shared information. The PLC must provide the
status of controlled.devices to the pc, and the pc must provide the control signals, which
will start and stop a particular motor or group of motors, or open and close valves.

_ Integratlon can inform the operator when a requested action 1s inhibited and can adv1se

the operator what is preventing the action from occurring. The computers have CRT
based interfaces; some are text based and use cryptic (to the uninitiated) series of
commands or instructions. By having a simple function key or touch screen button as a

- mears for starting a computer program for advanced control operators can use a famlhar :
and well understood interface.. ?

4.1 SUPERVISORY CONTROL |
While PLCs have superior sequencing capabilities, computers are better suited for
advanced control. Because supervisory control is related to product changes, process
optlmlzatlon or other “less than real time” functions general-purpose computer will

usually suffice. : ‘ ' 1

4.2. GENERIC FEATURES OF HMI [6]
1. CRT based operator consoles and keyboards, which are used by the plant

' operators and engineers to monitor and control the process.
2.. Consistent HMI that help users to learn how to use electronic equipment, and that
do not lead users to misoperations. | | a
3 Historical module, which is used for data storage for pertinent process data or

control data and for online data retrieval or archiving.
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4. Computer interface, which is used for communication between the nodes of the
network and the supervisory computer.
5. Vendor-created software packages for real time monitoring, control, reporting,
) : 2

~ graphics, and trending.

4.3. CIMPLICITY
The HMI package used for th1s pI'O_]CCt is CIMLICITY; this is a GE Fanuc Automations
product. CIMPLICITY software is scalable from a Human Machine Interface to a fully
networked Supérvisory Control and Data Acquisition (SCADA) system. The netjworking
capab'ﬂities inherent at all levels within the product line let the user achievé levels of

integration that virtually eliminate redundant configuration within a network.

=Status Monitoring and Control |
=Graphics Configuration !
s\iiewer Options Available
-CMnectsto Server = -

-Status Morltunng and Cortrol
«Graphics Configuration
.«Data:Collection .
“sServer O ptions nuallable ’
,-'Cmnecmto Ulewer S ERE

: Contnmncat on. Pmtucols ' )
.. available for a wide ‘variety: d’ »
) lndustnal cortrollers : )

Fig 4.1. Communicatibn Topology in CIMPLICITY

CIMPLICITY is based on a client server architecture consisting 6f Servers and Viewers.
Servers are resppnsible for the collection and distribution of data. Viewers connect into
Servers -and have full access to thé collected data. Servers and Viewers can be easily
networked togcthéf to seamlessly share data ‘without the need td replfcate the point
database from node to node for vieWing'and control actions. Servers can be licensed to

cbllect data frdm, for example, 75, 150, 300, 700, 1500 or an unlimited number of device

39



points. Exempted from the point count are virtual points, which reside only in the

computer and points collected by another server.

4.4. SCREENS
The interface in CIMPLICITY is in the form of screens, this is done on CimEdit. There .
are nﬁmber of screens and every screen has a particular function. The function of each

screen is described below. The screen’s layouts are shown in the Appendix 2.

4.4.1. Main Menu
This screen consists of main functions which should come in front of operator fitst of all
after starting the project. These are as follows: -

. Operations.

e Operator intervention.

e Current information.

e Reports. . : 1

e - Mimic. |

o Emergency.

4.4.2. Operations A
The basic operations which are shown on this screen are as follows: 1
o - Start and stop of the system.
* Status of each vibrofeeder in ADS. ”
e Status of cone blender.
e Status of both the conveyer belts.

e Emergency. ' 1

4.4.3. EOperator Intervention

In this screen the operator on the machine can go to the load mix screen ADS.

4.4.4. Load Mix

In this screen the operator can call the require mix which was already pre;;ared by
supervisor in Add Mix. After selecting the mix the PC screen will be refreshed with ix

details, which includes quantity of the material to feed from the respective bins, Alloy
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name and Lot no. of the material which should be in Bin 1 to Bin 4. PC will be a;king the
number of compacts required. Before selecting load button operator should confirm
whether the relevant materials are present in the respective bins.
Pafameters to load mix:

e Mix name and

* Number of compacts in that particular mix.
Wamfng:
Before load mix check various details displayed on the screen.

Confirm the availability of the various materials in the respective bin.

4.4.5. Current Information
This screen consists of some buttons which can invoke the following screens:

e AddLot.

‘e Add Alloy.

o Add Mix.

e Current Status.. - o2
4.4.6. Add Lot

This screen allows only the operator to create new lot details. Various information which
should be entered can be listed as.

e Lot Name. 2

e Impurity name. |

o Amount of impurity present in ppm.

The accessibility is only to the supervisor.

4.4.7. Add Alloy ,
This menu allows only supervisor to create new alloy composition. Various information
which can be entered are

e Alloy name (alphanumeric characters).

e Material name.

e Alloy composition in percentage (%).

The alloy details which will be set decide the compact composition.
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4.4.8. Add Mix

This screen allows only supervisor to create a new mix set. The various information

which should be entered by supervisor are:

Mix name.

Set compact weight. Set lot name of the material in Bin 1-4.(which was set in
“add lot”). ’

Set amount of pure bulk material which should be obtained from bin 1-4.

Set tolerance for bin 1-11.

Set number of compacts required in the said mix.

4.4.9. Reports : ’

This screen shows the current bin levels, mix history, lot history and alloy history.

4.4.10. Mimic

The mimic is the dynamic flow diagram of the auto dosing system. This shows the status

of each of the equipment in the system by changing the colour from red to greeniwhen it

gbes in active state. The mimic _also'shows the current weight of each of the weighing

pan.

All the screens show the current time and date and also the emergency button.
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CONCLUSIONS AND FUTURE SCOPE

~The dévelopment of the programme of PLC for Auto Dosing System has been simulated
" on a Seimen’s S5 PLC with a modular approach. AThe_simulati-on covers the overall
seqﬁ_ence of the ADS and how each and every interlock affect the outputs. This program
_a.lso_takes"care of the 2 layers and 3 layers sandwiching in-the alloy compacts. The
program can be implemented in the Seimen’s S7 PLC, which is planned to be installed in
near fpture for the ADS and fhé hydraulic press. Following aré the conclusions drawn
from this dissertation work | | |
% The HMI which is created in CIMPLICITY is very much user friendly and the
operator can easily follow the process and can give commands.
< The mirﬁics whicﬁ are générated gives a close real look of the ADS+and the
= hydraulic press, from’ this the operator can know the ‘status of the various
| parameters ih the system. |
<+ Improved technique and autbmation
There are others features which can be added so-a lot of scope fs still there for work. The

future works that can be done on this system are as follows: ,

" &%

. To add the feature of automatic calculation of the amount of material taken from

*each bin. _
% Make a centralized system and connect ADS to it. -
% Optimization PLC programming. _ | :
% To utilize the advance features of CIMPLICITY like ALARMS, SE(}URITY

MANAGEMENT, DYNAMIC MIMIC etc. for the improvement of the HMI.




INPUT OUTPUT LISTING APPENDIX A
INPUTS LISTING |
Oper,_and | Symbol Comment
11.0 vpb start manual push button
11.2 pb stop ‘manual push button
I1.3 chute B1 ' Proximity sensor (Induc‘cive)j
114 chute B2 Proximity sensor (I)
115 ~ chute B3 Proximity sensor(])
11.6 chute B4 . Proximity sensor(I)
I11.7 sel B1 signal from HMI to select the bin accor
120 sel B2 - S HMI |
2.1 sel B3 ' HMI
122 -sel B4 HMI |
123 Bl open Reed Switch (R.S.)
124 B1 close R.S.
12.5 B2 open RSS.
126 B2 close R.S.
12.7 B3 open RS..
I 3.0 B3 close RS _
13.1 B4 open RS.
132 B4 close R.S.
I33 Bt full Proximity(Capacitive)
13.4 B1 empty Proximity(C)
135 B2 full . Proximity (I)
13.6 B2 empty Proximity (I)
13.7 B3 full Proximity (I)
14.0 B3 empty Proximity (I)
1 41 B4 full Proximity (I)
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142
143
14.4
145
146
147
15.0
I5.1
152
15.3
154
15.5
15.6
15.7
16.0
16.1
162
16.3
164
16.5
16.6
16.7
17.0
17.1
172
173
17.4
17.5
17.6
17.7
18.0
18.1

B4 empty

overload

" - hopper open

feedback up
feedback dn
skiph LL
skiph UL
pbup

pb down

W1 close
W1 open
W2 close
W2 open

W1 oi:en(m)
W2 tilt(m)
F1 fine(m)
F1 course(m)
F2 ﬁne(m)
F2 course(m)
F3 fine(m)

F3 course(m)

F4 fine(m)

F4 course(m)

- F5 on/off (m)

FW1 on/off (m)
FC on/off(m)
BS full

B5 empty

CB top

CB bottom

CB open

CB close

Proximity (I)

to protect the skip hoist motor
Proximity(I)

raising motion of skip hoist
lowering motion of skip hoist
limit switch

limit switch

for lifting skip hoist

* for lowering skip hoist
RS.

R.S.
R.S.
R.S.
selector switch
selector switch
selector switch
selector switch
selector switch
selector switch
selector switch 1
selector switch
selector switch
Selector switch
selector switch
selector switch
selector switch
Proximity (I)
Proximity (I)
Proximity ()
Proximity (1)
R.S.
R.S.
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182

183 .

18.4
18.5
18.6
18.7
19.0
19.1
19.2
19.3
19.4
195
19.6
19.7
110.0
110.1
110.2
103
1104
110.5
110.6
110.7
I1L.0
111.1
1112
1113
I11.4
1115
1116
I111.7
112.0

swingch up
swingch dn
B6 full.

B6 empty
B7 full

B7 empty
F6 on/off(m)

F7 on/off(m)

W3 close

W3 open

B8 full

B8 empty

W4 close

W4 open

F8 on/off (m)
FW3on/off (m)
FW4on/off (m)
BO full

B9 empty

B10 fult

B10 empty
B11 full

B1l1 empty

W5 close

W5 open

F9 on/off(m)
F10on/off(m)
F11on/off(m)

CBelt2 posl

CBelt2 pos2
select B6

RS.

R.S.
Proximity (I)
Proximity (I) '

- Proximity (I)

Proximity (I)
selector switch

selector switch

Proximity (I)

Proximity (I)
Proximity (I)
Proximity (I)

Proximity (I)

Proximity (I)

Proximity (I)

Proximity (I)
Proximity (I)y
Proximity (I)
Proximity (I)
Proximity @
Proximity (I)
Proximity (I)
Proximity (I)
Proximjty (D
Proximity (I)
selector switch
selector switch
selector switch
Proximity (I)
Proximity (I)
HMI
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112.1
1122
112.3
112.4
1125
112.6
112.7
113.0
113.1
1133
1134
113.5
[13.6
113.7

select B7
select B8
select B9
select B10
select B11
FWS5on/offin
select B5
unused2
unused3
unused4
unused5
unused6
unused?7 .

unused0

. HMI

HMI

- HMI

HMI

BMI

selectors switch

HMI
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OUTPUT LISTING

Q 14.0
Q 14.1
Q142
Q143
Q144 -
Q14.5
Q14.6
Q14.7
Q15.0
Q15.1
Q152
Q153
Q154
Q15.5
Q15.6
Q157
Q 16.0
Q 16.1
Q162
Q163
Q16.4
Q165
Q16.6
Q16.7
Q17.0
Q17.1 -
Q172
Q17.3
Q17.4

Main Relay

open Bl
close Bl
open B2
close B2
open B3
close B3

‘open B4

close B4
move chute
fwup

rev dn

F1 course
F1 fine

F2 course
F2 fine
F3 course
F3 fine

F4 course
F4 fine
open -Wl
close W1
F5on

up swingch
dn swingch
open CB
close CB
rotate CB

purge Ar

chute motor
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Q175
Q176

Q17.7 -

Q 18.0
Q18.1
Q182
Q183
Q18.4
Q18.5
Q186
Q18.7
Q19.0
Q19.1

Q192

Q193
Q19.4
Q19.5
Q19.6
Q19.7
Q 20.0
Q20.1
Q202

on FW1
on F6
on F7
on F8
on F9

onF10

onF11
on FC
on FW3 |
on FW4
on FW5

. on CBl1

posl CB2
pos2 CB2
W3tilt
W3 hori

W4 tilt

W4 hori
W5 tilt
WS hori
on CB2

W2 tilt

49




- ' 50 ,




2. OPERATIONS. | ' |

ey
“;{f?’ b
Q%é%%ﬁ%;m‘w

_ | | | 1 ‘
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4. CURRENT INFORMATION

I TIME 07:44:25
‘1 DATE 074005 -
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5. REPORTS

" REPORTS

TIME : 07:48:29
DATE - 07/30/05 -
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6. ADS MIMIC = _ o

s :
T s T R
g :

i TR _ it
g 1 z il z
AT A d




7. HYDRAULIC PRESS MIMIC

? Pl

lmt

§
=4

:

b Ay

=23
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8. LOAD MIX

' LOADMIX .
PRODUCTION WEIGHT(GMS) o -
Total Sponge Wt.: text =

Date: = text

Time : 05:_3(3:0?‘ :

Operator : npame

No. of compacts :  text
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9. ADD LOT

g DATE 07/30/05




10. ADD ALLOY

. ADD ALLOY -
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1.ADDMIX :




=
2

‘Oxygen -+ | text . | -2l0000 -

- Zivc Niobiwn ~ - | text © | . 110000

@)
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IMPORTANCE OF ZIRCONIUM IN NUCLEAR INDUSTRY ' APPENDIX C

Zirconium alléys are preferred for use as cladding on the fuel pallets in Pressurized
, Heav;% Water Reactor (PHWR) and Light Water Reactors (LWR) becaﬁse of the
following reasons:
1. ~Resistant to corrosion by water at operating temperéfures in such reactors.
The absorption cross section for the thermal neutrons of the pure metal is small.
Good strength at high temperatures so long life. ' !
- Base of fabrication. ‘ .

High melting point (1850° C) — structural stability at high temperature.

R I NN

Structural stability under irradiation.

The alloys in eommon use as cladding material are Zircaloy-2 and Zircaloy-4,both of
which have mechanical properties and corrosion resistance superior to those of zirconium

itself. The alloys contain small additions of other elements to the zirconium, as follows:

. Sn Fe - Cr : Ni
Zircaloy-2 1.5 0.15 0.10 0.05
Zircaloy-4 1.5 020 - 0.10 | 0.007
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| !
-close B2!
+--=] [---+
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PLC CODE APPENDIX D
The PLC program is divided in seven blocks (PB1 to PB7)

1
e e e e +
%PROGRAM FOR AUTOMATIC DOSING SYSTEM : :
e e e e e e e e e e m e m e e ¥
PB 1
?egment 1
I-pb start ~pb_stop . -MR
T—B— [———T——— J e oo oo oo +--C -
|- i !
+--=] [---+

' ?egmenf 2 .

{-sel Bl -Bl full -Bl close -chute BL MR . -open Bl
T---] [---+---]/[--—T~——] [--—T—--]/[---+---] R Fommmmm - +--C  )-!
i i—open Bl !
! +--=1 [---+
?egment 3 4
l-sel B2 -B2_full -B2_ close -chute B2 ' -open B2
e B e e I L e o +-C -
I t-close B1l
! +-=-1 [---+
?egment 4 - »
I-sel B3 -B3 full -B3 close -chute B3 -open B3
e L S e I e e grmmmmns grmmmmmmnn +==( )"
I i—open B2 | E
I c4--=] [+
?egment D)
I-sel B4 -B4 full -B4 close -chute B4 ) -open B4
=== [~==4---1/[---+-~-] [—--T---]/[---+ --------- Fommmo - oo m—mms +--C  )-!



Segmenf 6
| .

I-chute B4 -B4 open !

I-chute Bl -Bl close -sel B1 : ) -moves chu
T B e mmmmmmem R s #==C -1
! !
I-chute Bl -B1 open ! !
S !
I-chute B2 -B2 close -sel B2 !
[ L
! ! !
!-chute B2 -B2 open ! !
#e==1/[-==+-=-1 [+ i
i-chute B3 -B3 close -sel B3 !
Sprd bl e HEE
! ! 1
I-chute B3 -B3 open ! !
===1/[-==+=-"] [---+ |
i-chute B4 -B4 close -sel B4 !
+-==1 [--=+---] [--- +---] [---+
!
1
41/ [-=-4=-1 [--=+ ;
IT 0 - I
+m==] [ fm— - +
Segment 7
' Bl close -sel Bl A F 0.5
T—-—] [---+---T [-_—T ————————— Frmmmm———— o ——— - o +--C )-1 4
. 1:B2_close -se] B2 ! '
4= [-=-4-=-] [---+
- 1-B3 close -sel B3 |
el e e
i-B4 close -sel B4 !
+===] [--=t==-1 [---+
Segment 8
TO
' -skiph LL 4----- +

4-=-] [---+-!TI-15!
|KT 900 0 —-'TV BI!-

! DE! -

' B ! ! :

IF 0.5 ! ! F 0.6
+———] [-——+-!R Ql-4-----—- it T T o mm - fommmm e +--C  )-!
! Fom—— +

Segment 9

! hopper o chute Bl -B1 open -overload . FO0.1
T;——? e e B e mmmmmmme mmmmmmee +=-C 7 -
! : I-chute B2 -B2 open !

! T—--] e B S

! I-chute B3 -B3 open I

L e

! l-chute B4 -B4 open i

| 4===] [---4==-] [+

64



Segment 10 ' 1
|

F 0.1 -pb up - -skiph LL -feedback -fw up -

T S B e o mmm e +==C -
1 C o -fwup ! '

! 4-==] [---+

Segment 11

1

I 0.1 -pb down -skiph LL -feedback : ~-rev dn

e e e A oo o +-=C )=t

! l-rey dn ! _ 1

P eemn] [+

Segmenf 12
1
!-B1 open ~Bl open : . -close Bl
+---] [---+-=--1/[-~-+--==----- e Fommm e Hmmmmmmm - et +--C  )-!
Segment 13
! ) 1
1-B2 open ~-chute B2 ) -close B2
+===] [-=~+---1/[-—~+-~-=~=~-- R L L L Fmmmmmmmem mmmmm o +-=C )=l
" Segment 14
!
!-B3_open -chute B3 - : _ -close B3
+===1 [-==+---1/[-~-d--=------ mmmmm e e e +--C )=l
Segment 15 -
! .
1-B4 open -chute B4 -close B4
e e Y fmmmmmmeee mmmmmmmen B PR +==( -1 7

! :BE
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PB 2

1
?egment 1
I : : ' DB 2
Fom e Fmm - e Fmmme— Fomm - R T +--(C )-!
?egment 2
IF 0.0 F 0.0
+---1 [——+------——- e it e B it o e b G B
IF 0,0 ! . _ !
+=--1/[---+ :
'?egmenf 3
] FB 250
! it B TP
! ! RLG:AE !
! +0 ~--1BG Xa !--pw O
! , 4 -=1KNKT FB l-- F 1.2
! +30000 --10GR BU I|---F 1.2
! +0 --l1UGR !
! F 0.0 -~lEINZ ! 1
! e L L +
?egmenf 4
! $-—-m—t
IKF +10 -l -—> l-pw 1
! A .
?egment 5 .
i pommmg 1
IDW 0 --t-  Fl
! Co ! 1
IDW 34: --1 '~ DW 35
! : +----- +
?egment 6
g FB 243 3
] ! DIV:l6 !
! : Dw 2 --1zl ov I-- F 1.2
! B bDw 1 --12Z2 FEH |-- F 1.2
! ! z3=0!-- F 1.1
! ! z4=0!-~- F 1.2
! ! Z3 |-- DW 6
! ! Zz4 |-~ DW 7
! B bt e T T + .
?egment 7 1
. Fmmmm e +
IKH 0008 -1 --> |- DW 8
! : o= +
1
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Segment 8
|

i
!
i
y
!
!
!

Segment 9

1.

I Hm e

Ipw 9 -—l<=

! )

Ipw 35 -1

! +-—=

Segment 10

!

o ==

lpw 2 -—l<=

! !

Ipw 35 -

! -

Segment 11

\

i : +om-

Ipw 2 --1-
-l ' !

Ipw 35 -1

1 +---

Segment 12

!

! e

Ipw 11 --I>=

! !

Ipw 13 --1

| : e

Segmenf 13

1

1 +---

IDw 2 -1+

! !

Ipw 3 -1

! e

Segment 14

!,

! : e

pw 2 --1l=
- ‘ |

Ipw 31 --1

! ===

FB 242
+ _______
! MuL
DW 6 --1z1
DW 8 --1z2
!
+ ———————
=+
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'?egmenf 15
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I

Segment 17
|

!
Ipw 17
!
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!

?egment 18
i

Ipw 31

|

iDW 35
I

?egment 19
!

Ipw 31

' -

ipw 35
|

Segment 20
!

!
EDW 20

ipw 19
!

Segmenf 21
: ;

I

Ipw 31

!

%Dw 4
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Fommmmmmmm oo +
I pIv:16 !
pw 31 --1z1 ov !-- F 1.0
Dw 1 --1z2 FEH !-- F 1.0
! Z3=0!--"F 1.0
! Z4=0!-- F 1.0
! z3 1--DwW 6
! Z4 !--DW 7
Fommmmmmmom—m oo +
FB 242
! MuL:16 !
DW 6 --1z1 z3=0!'-- F 1.2
Dw 8 --1z2 z32 1-- pw 18
! z31 !-- Dw 17
Fommmmm ot
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“wlg= F!
1 1 F 2.2
-1 Ql—4-—mm———- Fommmmmee fommmm———— e Fom e ———— +--(
i +
Hommen +
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?egmen; 22

! +---
Ipw 31 -=11=
! !
IDw 32 --1
1 e
Segmeht 23
1
?egment 24
|
!
!
!
!
!
!
?egment 25 _
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Ipw 21 --l<=
! : !
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- ' +---
?egment~26
! T
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! !
'Dw 35 ~-=1
! o=
?egment 27
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Ipw 32 --1-
! !
Ipw 35 --1
! -
?egmen; 28
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IDW 24 -=l>=
! !
IDwW .23 --1
! +---
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F!
! . F 2.5
Ql-#-—mmm - Fommmmmm - oo Fmmmmm———— o mm +-=(
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I 23=0!-- F 1.0
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| z3 |-- DW 6
! Z4 |-~ DW 7
Frmmmmmm e +
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mmmmmmm e +
! MUL:16 !
DW 6 --1z1 23=0!-- F 1.2
DW 8 --122 232 !-- pw 22
! Z31 !-- pw 21
g mmmm e m e + :
-—+
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! F 2.6
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-+
-—+
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! F 2.7
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--+
Fl
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!
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!
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1
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!
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! PN
IDw 25 -=l<=
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'DW 35 -1

[ +---
Segment 34
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R
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. : 1
Ipw 35 --1
! +m-=
Segment 35
]

! B
Ipw 33 --1-

! !
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! +===
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i +mm
Ipw 28 -=I>=
! !
IDw 27 --1

! B
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1
1- Dw 33
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! F 3.1
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—————————————— + .
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! z31 1-- pw 25
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-—+
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! F 3.2
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-—+
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! F 3.3
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--+
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1
I- DW 27
-—+
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Segmént 37 -

A -Wl open
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L DwW
T DWw 34
:_-k-!n’:
?egment 38
I FB 250
b e e +
! : RLG:AE !
! +0 --1BG I-- pw 12
! 1,4 -- I KNKT FB !-- F 1.2
! +1000 --10GR BU !-- F 1.2
! +0 --1UGR 1
! F 1.0 --1EINZ ° !
I el e T L +
?egment 39
! o= +
I KF:4500 --! --> !- Dw 14
! o iattet +
?egment 40
! it +
Ipw 12 ~=1-" Fl
! ! !
Ipw 91 -1 1- pw 92
! - +
Segment 41
!
! Fo———- +
'ow 14 --l<= F!
! ! !
Ipw 12 --1 Ql-+-~-—----- Fmmm o tomm o +-=(
b === +
: %egmenf 42
1 e et +
IDwW-14 --1- Fl
! ! !
Ipw 12 --1 {- pw 15
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Ssegment 43
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oo S ettt +
?egment 44
! it +
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! ! t .
ipw 15 --1 Ql—4m—mem - tmmm e o e i o +--(
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Segment 45
A -chute Bl
L bw 12
:T Dw 91
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! : 1
1 i . DB 2
e T T TR e Fmmmmmm - bt R R ettt Fo—mm oo Fommmm oo +--(C )-!
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!-wl close F 1.4 -sel B1 -Fl fine . T 1 : F1.1 -Fl cours
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! B e B e +
1
segment 3 .
! : ’ :
I-Wl close F 1.5 -se]l B1 F 1.4 F1l.7 T1 F1l.k -F1 fine
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! [-F1 fine ‘ !
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Segment 6
!
!' F 1.5 F1l.7 : -MR
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Segmeni 4
1 T1
! F 1.5 +--—- +
+===1 [-=-+-11_-_V!
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! ! DE!-
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! +-IR  Ql-
! +---—- +
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?egmenr 5 ]
[F 1.7 -wl_close F 2.2 -sel B2 -F2_fine T2 F 1.6 F 9.6
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1
?ggment 6
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+-==1 [--=+---1/[--—#mmmmo - R at Fom e hmmmmm o +--C  D-!
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Segment 8
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IF 2.3 Fm——— +
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! ! DE!-
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! ! !

! +-!R  Q!-

! +--—-- +
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IF 2.4 -Wl close F 2.6 -sel B3
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?egment 10

| F 9.7 F 6.0
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Segment 11
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l-wl: close F_2.7 -sel B3 F 2.6
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! I-F3 fine i
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Segment 12

! T3
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C1F 3,00 -wl_close F 3.2 -sel B4
e e B e (4 S e B
! 1-F4_cours
(A +-==] [-—----mmm-
?egmént 14
IF 8.1 F 6.0
e T el V CEEE SRR o
Segmenf 15
!
!-wl close F 3.3 -sel B4 F 2.6
e B e G B
! I-F4 fine .
! +---1 [--—4-—-~--—--- +

-F3 fine T 3 F 2.5 F 9.7
1/L- --1/ -
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Y T S e G R
i
+

-F4 cours

F—mm - o fmmm +--( -1
F 3.4 T4 F 3.1 -F4 fine
#m==1/[mmmtmmn]/ [ m g e e ] [t -1
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?egment 16

IF 3.3 o mm e +
#-==] [-=—+-11_-_v!
tkT 100.0 --1TV BI!-

! ! DE!-
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! Frm——- +

?egment 17
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Segment 18

1-B5 empty -W2 close ' F 2.0 -sel BS F 2.1 -F5 on
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Segment 19
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?ggment 21
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! T6
'F 9.1 Fo———- +
4===] [---4=ITI-10!
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! : ! !
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! +-I1R  Q!-
! Fo———- +
Segment 25
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Segment 27
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Segment 28
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Segment 29
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+--C )~
F 8.1
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!-purge A
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IF 9.2 fmmm e +
+===] [~=-+-1T!~10!
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IR I DE!-
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Segment 32
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{-CB open -CB bott . F 9.3
+===] [~~-4-~-] [-~—4--=mmmmm fmmmmm mmmm - Fomm - +--(
Segment 33
-1 ‘ T8
IF 9.3 Fo———— +
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! ! !
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! +-IR  Ql-
! Fo—~—= +
Segment 34
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H DW 64
:S C 2
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T W 25
A -Wl close
U C -2
A C 2
= F 0.2
A F 0.3
IR C 3
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.?egment 35
! 4mmmeem +
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! ! ! F 6.0
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!
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Segment 1
| .
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L LELE bt e ettt tmmmmmmo—— Fmmmmm———— Fommmncioe— dFommmmmm—- Frmmm—m +--(C
Segment 2
!
! ' FB 250
! ommmmm e +
I ) RLG:AE !
| +0 ~-1BG XA |-- DW 40
! 2,4 ~= LKNKT FB !-- F 1.2
! +1500 ~--10GR BU !-- F 1.2
! +0 ~--1UGR !
! F 1.0 ~~lEINZ !
! L EE LR +
?egment 3
I T
Ipw 41 --l<=
! ! F
'pw 40 --1 Ql—4-—-mmmmme Fmmmmmm——— - et e +--(
v Fmm———
. Segmenf 4
|
i U
‘pw 41 ——i-
P !
'bw 40 --1 1- pw 42
! -
?egment 5
! s
IDW 42 -=l<=
[ ! F 4.1
IDw 43 -- Ql=4==mmmmmm- Frmmmm———— Fmmmmm——— fmmm—————- Fm e 4=
! +--—--
?egment 6
I oo
!Dw 45 --l<=
! ! F 4.2
Ipw 40 --1 Ql-4-—---—— e i e ittt o ———— Frmmm - +--(
T F-————
,‘Segment 7
!v
! Fo--—-
EDW 45 —ni-
iDw 40 -~} |- DW 46
! : Fm—m—-
?egment 8
! pmmmem
IDw 47: -=l<=
b ! F 4.3
IDW 46 --1 Ql-4r--=-—m- Fm o ——— o Fommm—mm—— pommm———— +-=(
! F---e-
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Segment 9
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| -w3 close -select B F 4.0 -on F7 -B6 empty 4, -on F6
I e B e ¥ B e B o=/ =4O )
! i -on F6 !
! +--=1 [-==+-—--=--- +
Segment 10
!
l-on F6 -select B F_9.2 -wW3 close -B7 empty- 4. -on F7
e e e e e 1 S e o=l )
I " | -on F6 I
! +--= it Attt +
'?egment 11
IF 4.1 -on_F6  -on_F7 -w3 tilt
T L S B grmmmmmene grmmmmooe gmmmmmmne - -
I F 4.3 |
+-—-1 [+
Segment 12
! T 19
l-w3 tilt  +----- +
4--=1 [~-—+-ITI-10!
IXT 500.0 --!Tv BI!-
! ! DE!=-
i ! 1
! I ]
| +IR Q-
! +-=--- +
?egment 13
IT 19 - -w3 hori
T———] [empmmmmmm Fomm oo Fmmm oo Frmmm e ittt e i +-=( -
! :
! :BE
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Segment 1
]
! DB 2
oo pommm e Fommmm e Fommmmmo - et Fommmmm o om e +--(Cc )-!
Ségment 2
( .
! FB 250
! e +
! ! ' RLG:AE ! L
b +0 --1BG XA 1-- DW'59
! 3,4 —~ TKNKT FB |-- F 1.2
! - +1000 --10GR BU !-- F 1.2
! +0 --1UGR !
! F 1.0 --1EINZ !
! B +
Segment 3
! .
! . +m—-—t
ipw 60: --l<= FI!
! ! f F 5.2
'DW 59 --1 Ql-#~r—==-—-- Hommmmmm o Fommmmmm e Femmm————— fumm—————— +-=-C  )-!
! Fo-——= +
Segment 4
!
!  Emiaiale +
IDw 60 -—1- . Fl
! ! !
Dw 59 -1 - DW 61
| : R +
" Segment 5
!,
! Fo—--- +
Ipw 61 --l<= F!
! ) ! ! F 5.3
1DW 62 -=1 Ql -t~ - Fom Fommmmmm o pmmmm————n Fro—wmo——- +-C )~
! B ettt + :
?egment 6
I-w4_close -sel B8 F 5.2 -B8 empty - F 5. -on F8
T I e B i e e B ===/ T mpmmm e +==C -1
i | -on F8 : i
! 4m==] [~=—gmemmme oo +
Segment 7
|
IF 5.3 -on_F8 -W4 tilt
+-~-1 [~~-+—--1/[---+---—-==-- Fommmmmm oo oo e +--( -1
Segment 8
! ) T 20
Cl-wWa it e +
4+-~=]1 [---+-1T1-10!
IKT 500.0 --ITV BI!-
! ! DE!-
! ! !
! ! !
! ' +-IR  Ql-
! === +
?egment 9
iT 20 : : -w4 hori
T-‘T] R o dmmmmm oo - o o +--C )=
I
! :BE
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%egment 1

L DB 2
e, e e B i Fommmm Fommmmm e e +--(C )-!
?egment 2

L FB 250

! Femmmmmm e m e +

! ! RLG:AE b

| +0 --1BG XA l-- DW 49

! 4,4 --KNKT FB !-- F 1.2

] . +1000 --10GR BU !-- F 1.2

! +0 --1UGR !

! F 1.0 --1EINZ !

! e +

?egment 3

1 o +

%Dw 49: ——%— Fl

! : ! !
" 1pw 95 --1 I- DW 96

L. +-———= +

%egment 4

i B +

Ipw 50 --l<= FI

! - ! ! F 4.4
Ipw 96 -~ Ql-t-mmm e it Fommm e Fommm e Fmmm e +--C  D-!
1 ) +--——= + .

_?egment 5

| o +

Ibw 50 -—3— F!

! ! !

'DW 96 --1 - pw 51

! +—-——=+

?egment 6

P ) - +

ipw 51 --l<= F!

! : ! ! . : F 4.5
" lpw 52 --1 Ql=t--—=mo—- Fommmm e e R iatadal o mmm +--C  )-!
1. e +

Segmént 7

! .

! +-—=-- +

Ipw 50 - --l+ FI

I ! 1

Ipw 53 --1 I- pw 70

! - +----- +

?egment 8

i Fo——m +

Ipw 70 --l<= FI!

! ! 1 F 4.6
Ipw 96 -1 (O e e e Fommmme e +--C  )-!
1 . .
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Segment 9
1 :

Yoo o +
Ipw 70 ——E— Fi
! ! !
IDW 96 --L - !- pWw 54 .
! Fm——m- +

Segment 10
!

! R
“lpw 54 ~—l<= Fi
! ! I A
IDW 55, --1 Ql-4-~-——==—- e et +
I - +
?egment 11
Lo 4mm e +
Ibw 70 -—1+ Fl
¢ ' ! !
IDW 56 -1 - pw 71
! +--==- +

%egmen; 12

! : ===t
Ipw 71 --l<= FlI
! ! ! .
IDw 96 -1 Ql-4-=——mmmn o m +
! +-—=-- +
?egment 13
! Fm———- +
Ipw 71 --1- F!
! : ! !
'DW 96 --1 1- DW 57
o === +
?egment 14
[ Lo - +
EDW 57 --l<= FI
: ! 1
pw 58 . --! Ql-4-—-=—- e tatatale +
! t----- +

segment 15 -

L DW 96

T DW 94

dedede
§egment 16

I-w5 close -sel B9 F 4.4 -B9 empty
et B Sk et B St b VA B +

——




Segment 17
|

'F 4.5 ~WS close -sel B0 F 4.6 -B10 empt T 14

F ) F 4.7 -on F10
E S e B e e G e L L
1 ; ! -on F10 !
ol +-==] [--—4-~———-- +
?égment 18
IF 4.7 -W5 close -sel B11 F 5.0 -B1l empt T_15 F 5.1 -on F11
e e B e L S A e L e e ]
i | -on F6 I :
[ - o#==-1 [ +

?egmen; 19
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IF 5.1 -on F9  -on F10 -on F1l -w5 tilt
+-=-1 [---+---1/[---+--=1/[--+---1/[---#~=----~-- Hommemmmoe oo e +=-C  )-1
Segment 20
! T 13
IF 4.4 +----- +
+-~=] [--=+-11_-_V!
{KT 050.0 --!TV BI!-
! ! DE!-
[ [
! ! !
! +-!R Q-
! t--—-= +
Segment 21
! T 14
IF 4.6-  Badatatale +
t=rm] [~m=+-11_-_VI -
IKT 050.0 ~-1TV BI!-
[ ! DE!-
! ! |
[ ! ]
! : +-!R  Ql-
! : dm——-- +
Segment 22
! T 15
IF 5.0 +-——-= +
+--=] [---+-11_-_V?
IKT 050.0 --1Tv BII-
! ! DE!-
! ! !
! Pt
! +-IR  Q!-
! +--—-= +
-Segmenf 23
! T 16
-w5 tilt +----- +
+===] [---+-IT!-10!
IKT 050.0 --!Tv BI!-
! ! DE!-
! 1 !
| ! ! L : F 8.
! +-IR Ql-4-r--=---- L Fm—mm—m - t-——mm— - e el +--{ )~
! - +
Segmenf 24
Rt
IT 16 -W5 hori
T———] [-=~+-—mmmm e Fommm—mm—— frmmmmmmm Fmmmmmem e e mmmmemm oo +-- )-!
1
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?egment 1

! DB 2

ittt e fomm e e bl drmm +--(C )

?egment 2 )

IF 9.7 -CB2 bosl -on_CB1 -pos2 C

e B s I B . B fmmmmmoenn mmmomme- Fmmmmmmns +-=C )

i ’ 1-cB2 poSZi

! +-=-1/[---+

Segment 3

1-CB2 pos2 -CB bott -CB open -on CB2
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