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1.1.2 Flexible Manufacturing System Layout Configurations.

Tile PMS layout is determined by the handling system used. The types of layout
configurations commonly found in today's FMS's can be categorised as follows
(Wilson,1985):

• In-line.
• Loop
• Ladder
• Open field
!t Robot-centred cell

The conflguratlon that is of Interest is the loop configuration, The loop configuration
is appropriate in the case of the system b~jl1g designed as there are only two
numerlcally controlled machines and one conveyor is sufficient to supply the
required work pieces,

In the loop configuration parts usually flow In one direction around the loop with the
capability to stop at any station. The load and unload stations are typically located at
one end of the loop. A secondary handling system Is also used at each work station
(0 allow parts to move without obstructlon around tile loop,

1.1.3 Materia! Handling Equipment

The varlous types of material handling equipment that have been used to transfer
parts between stations in an FMS Include (Groover, 1987): roller conveyers, cart-on-
track conveyers, and other types of conveyor systems: in-floor towline carts; AGVs;
and robots. All of these handling systems constitute what Is called the primary
materia/handling system In the FMS which establishes the basic form of the layout
configurations as discussed previously.

The types of material handling equipment typically utilised for the five PMS layouts
are shown in Table 1.1

Table 1"1 Layer configurations with systems.

Layout configura-iion Material handlil~g siitem~ __.. .._...
In-line Conveyor or shuttle system
Loop _ Conveyor system

c..,Ladder __ ' j Conveyor system, AGVs
Oeen fleJsL ..... ... PIGV.S, ir.l-floor towline car..t.s

~g9t.Q~ntr~g cell--..~j_l4~£,.'al robots __ =..=_ =--===
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ThG automation of the parts storage area is one more step in the automation of
manufacturing. Generally most of the loading and unloading of parts are handled by
an operator. This process is both time consuming, prone to human errors and
expensive, as an operator has to be paid to stand by the storage area and perform
these duties.

1.1.1 Components of an FMS

There are three basic components of a flexible manufacturing system (Groover,
1987):

• Processing stations. These work stations are typically eNe machine tools that
perform machining operations on part families. However, other types of
processing equipment such as inspecting stations, assembly stations, and sheet
metal presses are being Incorporated in flexible manufacturing systems,

It Material handling and storage, Types of automated material handling equipment
used to transport the work parts and subassemblies between the processing
stations, sometimes incorporating storage into the function, include AGVs,
AS/RS, conveyers and robots.

• Computer control system, computer control is used to co-ordinate the activities
of the processing stations and the material handling system in the FMS.

One additional component in the FMS Is human labour, Human beings are needed
to rnanaqe and monitor the operatlcns of the FMS. Other functions typically
performed by people are:

• Iloadirg raw materials into the system
• unloading finished parts (or assemblles) from the system
fI changing and setting tools
• equipment maintenance and repair
• NC part programming
• operating the computer system.
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A flexible manufacturing cell (Figure 1.1) consists of several flexible manufacturing
modules organised according to particular product requirements. The cell can be
based on a groLlp of existing individual machine tools supported by local controllers
and an inspection station. An industrial robot is used for work piece transfer. The
plant layout is dictated by robot specifications. The cell hardware is completed by the
addition of intelligent conveyers for the input, output and rejection of components.
Components are fed into the cell and transported by the robot from work station to
work station. The pattern of operation can vary in complexity. Robot specification
can aqaln be a limiting factor. The addition of all inspection station allows rejects to
br itified and tolerance drifting or machine malfunctions to be indicated. This

f cell can be justified on the basis of zero product variety but ease of
CUI dlguration and low capital cost. The cell is controlled by a single microcomputer.
The extension of the software specification will allow a cell of this tYPl3to deal with a
small variety of components. The system can be regarded as a self contr'ned
manufacturing unit or the information developed on its performance can be fed back
for production systems management.

. "

Figure 1-1 A typical flexible manufacturing cell

A flexible manufacturing group is a combination of flexible manufacturing modules
and cells located in the same manUf2l'Jturingarea and joined by a material handling
system, such as an automated guided vehicle (AGV).

A flexible production system consists of flexible manufacturing groups that connect
various manufacturing areas, such as fabrication, machining, and assembly.

A flexible manufacturing line is a series of dedicated machines connected by AGVs,
robots, conveyers, or some other type of automated transfer device.

The conventional belief is that flexible manufacturing systems are best used in
medium volume and with a medium number of different parts. Cummins Engine
Company claims a high deqree of success and cost savings using FMS in high
volumes (Vonderembse,1987).
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1. INTRODUCTION

1.1 Background

The use of modern flexible automation technology has made it possible to design
manufacturing systems that are profoundly influencing attitudes towards batch
manufacturing, The effect of major economic and technological change is most
dramatically evident in small batch manufacturing.

These developments and their interaction with the structure and operation of
companies have far reaching repercussions for industry, The rapidly changing
climate of international competition causes companies to give priority to the main
issues that concern them, The manufacturing cost of a product has to be reduced in
the face of world wide competition, The developments in manufacturing systems
technology are now yielding solutions that make it possible to make inroads into this
crucial factor,

The reduction of work in progress Is now seen as one of the major objectives and
produces early benefits when companies seek to innovate (Kulwiec, 1985), The
continued use of high levels of skilled and semi-skilled labour cannot be justified in
manufacturing, Costs and response time have to be reduced,

A flexible manufacturing s-stem (FMS) actually refers to a number of systems that
differ in the degree of mechanisation, automated transfer, and computer control
(Chase and Aqullano, 1992), Five systems are defined and shown how they usually
relate to the annual production using a number of different parts, These systems are
the flexible manufacturing: module, cell, group, production system, and line,

A flexible manufaoturing module is a computer numerically controlled (CNC)
machine supported with a parts inventory, a tool changer, and a pallet changer. The
flexible manufacturing module is the first building block of an FMS, It is based on the
use of a single, CNG machine tool, supported by work piece transfer and storage
equlprnent. Components are loaded and unloaded into the component magazine,
This magazine will hold enough work for at least one shift. The station can thus
operate in an unsupervlsed mode without direct manning for one shift. The CNC
controller has to be capable of storing a number of part programs, subject to the
complexity of the palletlsed fixtures, In addition, software Is required for the
estimation of useful tool life, tool replacement and tool breakage detection, All parts
of the installation have to be under computer control and management reporting is
sometimes required,
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ABSTRACT

The requirement of the project was to design an automatic storage and retrieval
system (AS/RS) to be inccrporated j·...to a flexible manufacturing cell (FMC) at the
University of the \!VihN;:}t8rsrand. T. Ie flexible manufacturing cell currently being
developed in the Industrial engineering department consists of a CNC milling
machine and a CNC turning centre supported by an automated materials handling
system, and an integrated computer control system. The automated materials
handling system consists of a loop conveyor, parts transfer device, tool changing
robot and the AS/RS. All the devices of the materials handling system have been
constructed from low cost items readily available or alternatively have been
manufactured at the University. The research philosophy adopted was to produce a
low cost FMC, using local technology and ex.-ertlse, to produce a system that is both
economically feasible and relatively simple to implement.

The AS IRS is computer controlled consisting of three axis, driven by direct current
motors. The AS/RS has a storage matrix of sixteen pallets (four by four) and is able
to operate autonomously. The controlling software was written in turbo Pascal and
designed to allow interface with the other material handling devices. The software
allows for future incorporation of scheduling rules such as first in first out, shortest
operating time or a schedule desired by the user. The AS/RS also allows the system
to generate managerial reports on the status of the system as well as feedback to
the FMC supervisory computer.

The design was carried out with the same philosophy used In the FMC l.e, to use
low cc ...t items to provide an economically feasible design that is both flexible yet
simple to incorporate within a FMC.

In conclusion the AS/RS performs the required pick and place function with sufficient
accuracy to ensure that parts are correctly positioned. The controlling program of the
AS/RS functions correctly in terms of controlling the AS/RS. The AS/RS is fully
autonomous in ali operations.

The AS/RS has the following specifications :

Value Units
Accuracy 3.67 mm
Repeatability 7.2 mm
Resolution 0.00977 mm
Average pick & place time 41.6 s
X Axis travel 1000 mm
Y Axis travel 640 mm
Z Axis travel 420 mm
Lifting capacity 20 N .-
Gripping force 10 N
Degrees of freedom 3

The design can be further improved by using stepper motors instead of direct
current motors to provid= a finer control in terms of velocity and position accuracy.
A!though the stepper motors need to have the same price for performance
characteristics.



ii

DECLARATION

I declare that this dissertation is my own, unaided work. It is being submitted for
the Degree of Master of Science 1.1 Engineering in the University of the
Witwatersrand, Johannesburg. It has not been submitted before for any degree
or examination in any other University.



AN AUTOMATED STORAGE AND RETRIEVAL SYSTEM FOR USE
IN A FLEXIBLE MANUFACTURING CELL.

Livio Fabio Corsaro

A dissertation submitted to the Faculty of Engineering, University of the
Witwatersrand, in fulfilment of the requirements for the degree of Master of
Science in Engineering.

Johannesburg, 1997.



___ Peg§. 16
Arm And Elbow Configuratior.

Figure 2.3 shows the ann and elbow or jointed arm configuration robot, where the
body rotates vertically, while the arm has two joints, which have Independent
movements in the horizontal plane.

Figure 2w3 Arm and elbow configuration (Owen, 1980).

Cylindrical Configw'ation

The body rotates vertically, whilst the arm has both vertical and horizontal motions
as Can be seen in Figure 2.4.

Figure 2-4 Cylindrical Configuration (Owen) 1980).
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2.2.4 Alternative AS/RS Mechanisms

In addition to the AS IRS configurations discussed in section 2.2.3 there are
presently six recognised configurations of robot.s (Owen, 1980): polar, arm and
elbow, cylindrical, Cartesian, g811tryand Selective Compliance Assembly Robot Arm
(SCARA), that can be used as alternative configurations.

All the configurations have the following common applications:

/I Arc welding.
• Fettiing castings
o Handling at die casting machines.
• Loading and unloading machine tools.
• Gas welding.

Polar Configuratioh

In the polar configuration, as shown in Figure 2.2, the robot's body rotates vertically,
while the arm rises or descends in the horizontal plane and extends radially.

Figure 2-2 Polar configuration (Owen, 1980).
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Each free-standlnp unit (usually enclosed) contains a motor-drtven mechanism that
rotates lateral carriers on a continuous vertioal track (see Figure 2,1), Th.3 carriers
hold storage containers, The desired carrier is delivered to an access point, typically
at waist level. This system has the benefits of efficient Lise of floor space; faster
retrieval than horizontal carousels or end of aisle systems; and easy installation and
expansion, Relocation and reconfiguration are also relatively easy,

The vertical carousel system is used in situations with low to moderate storage
volume and moderate to high activity. It is mostly used in support areas for
applications such as tool crib storage, buffer storage, receiving and finished goods,
The average retrieval time on these systems is between 20 and 30 seconds,

end of Aisle system

Probably the best known type of AS/RS, this system consists of opposed racks on
either side of an aisle (see Figure 2,1). EACh aisle contains an extractor mechanism
(stacker crane) mounted on a mast that moves the full length of the aisle on a track,
The stacker crane travels vertically on the mast as well as laterally to pull containers
to access points at the ends of the aisle. Systems with additional side access points
are gaining popularity because these additional pickup and delivery points enhance
throughput. System dimensions are affected by number of storage blrts and sIze of
the stored components, Retrieval time is affected by the number of bins per aisle,

Vertical lift systems.

This type of system Is similar to a veliical carousel in exterior configuration; the
Interior configuration, however, is significantly different (see Figure 2,1), A vertlcal litt
system consists of modular column storage units containlng motor driven extractor
mechanisms that move vertically to the Iooatlon of the desired item, extract the tray
on which the item is stored and deliver it to a waist level access port. Each system
contains at least three modules. It Is generally a bLllld to "user's requlrerrients"
system, configured to meet exact needs,

The benefits of such a system are:

it Efficient use of floor space,
• The fastest retrieval time,
• Flexibility In system configuration,
" Number and location of access points and interior container spacing,
• Easy installation. expansion, relocation and recontlauratlon.

The most effective application for this system is in virtually any storage volume or
activity level. Vertical 11ftsystems are used in areas such as tool crib, receiving area,
buffer, maintenance crib, finished goods and klUing,
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2.2.2 Determlnlnq Needs and Objectives

There is no universally "best" AS/RS; each offers certain advantages for certain
applications. The key to selection, then, is a careful examination of the often
complex relationship between storage volume needs and when and where stored
material will actually be used, This relatlonsh'o can cllange from one area to the next
within the same facility.

Therefore, the starting point for choosing a system is a careful examination of an
operation and its needs, The following is an outline for that examination, A set of
criteria that, when matched against the features and benefits of various AS/HS,
should Indicate which systems are worth investigating further. The questions
normally asked are as follows (Allen 1992):

• What is the general size and weight of the stored material?
In this case, It's pallets (Including the work piece) having dimensions 150x100
mm weighing 2 Kg.

o Where are the highest levels of activity? (Typically, 80 percent of activity deals
with only 20 percent of the inventory).
This needs to be investigated once the part families are known,

e Would centralised or localised storage be most effective ? (Factors to be
considered are production support areas, shipping and receiving, warehousing,
distribution).
Localised storage Is being used, because there are only two NC machines.

41 What space is available for the system?
The space available Is 15QOx1500mm,

2.2.3 Types of AS/RS

Horizontal carousel system

Each unit consists of shelving mounted on a continuous, motor driven, horizontal
track. Items are typically stored In bins on the shelving (most commonly a wire
basket design). Shelving rotates to deliver the desired bin to an access point, usually
located at either end of the unit (see Figure 2.1).

The benefits of such a configuration are that it IS relatively inexpensive, easy to
Install and expand, and has flexible shelf spaoing. The most effective application is
in low to moderate volume and activity situations. The average pick time for this
system Is 60 seconds.
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An automated storage system represents a significant investment for the firm
(depending on the size of the AS/RS), and it often necessitates a new and different
way of doing business, The performance criteria by which automated storage
systems can be measured are:

• Storage capacity,
• System throughput.
• Utilisation,
e Up time reliability,

AS/RS's are custom-made for each individual application, and they rarlge from
relatively small mechanised systems that are controlled manually to very large
computer controlled systems that are fully integrated with factory and warehouse
operations.

The degree of automation Is dependant on the AS/RS used e,g, the function of
retrieving or storing goods to the point of use may be mechanised but the actual
transfer of the goods to a conveyor may be handled manually. The higher the
degree of automation the higher the cost of the AS/RS however benefits such as
accuracy, productivity and speed also Increase.

The AS/RS usually consists of a series of storage aisles that are serviced by one or
.nore storage/retrieval (SIR) machines, usually one SIR machine per aisle. The
aisles have storage racks for holding the materials to be stored, The SIR machines
are used to deliver materials to the storage racks and to retrieve materials from the
racks, The AS/RS has one or more input/output stations where materials are
delivered for entry into storage and where materials are picked up from the system,
The input/output stations are often referred to as pickup and deposit (P&D) stations
in the terminology of AS1RS, The P&O systems can be manually operated or
Interfaced to some form of automated handling system, such as a conveyor system
or automated guided vehicle system (AGVs),

2.2.1 Storage Structure

One factor that is influencing system choice Is a growing trend toward decentralising
storage and making material more accessible at point of use locations, In many
operations the use of satellite storage can increase both worker productivity and the
efficiency of material flow. Computer interfacing can tie these satellite AS/RS to a
central database, providing real-t'me inventory information for use by purchasing,
order entry, production scheduling and other functions.

This trend favours vertical systems since it Is usually impractical to take up
production line floor space with horizontal storage, However, there are still many
applications, particularly in warehousing and distribution operations, where end of
aisle or horizontal carousel systems are the most cost effective,
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2.2 Automatic Storage And Retrieval Systems

AS/RS's are devices whose primary function Is to retrieve raw materials, parts or
finished goods from a storage area and transport them to the point of use. The
storage function is the reverse of the retrieval function.

Since AS/RS's were developed in the 1950s, the technology has advanced far
beyond the original function of these systems; l.e. eliminating the walking that
accounted for 70 percent of manual retrieval time. AS/RS have given industry the
benefits of dramatically faster retrieval, condensed storage, increased productivity
and the capability to interface with inventory control and material requirements
planning (MRP) programs (Allen 1992). They have evolved into sophisticated
systems, mlcroprocessor ..controlled and cornputer ..interfaceable.

AS/RS's have also diversified, with different types of systems responding to different
needs and applications. The four basic types of AS/RS technology available are:
end..of..alsle, horizontal carousel, vertical carousel and vertical lift. While this variety
offers the opportunity to match an AS/RS with a specific application more effectively,
it also presents the dilemma of Imowing exactly how to achieve that match, .

Different companies have different reasons for installing an automated system for
storing materials such as (Vonderembse, 1987):

III Increased storage capacity,
• Increased floor space utilisation.
II Improved safety in storage function.
• Recovered space for manufacturing facilities.
• Improved security and reduced pilferage,
• Reduced labour cost in storage operations,
• Increased labour productivity In storage operations,
" Improved control over inventories.
• Increased stock rotation.
• Improved customer service,

The primary reason for Wit's Implementing an AS/RS within the FMC is :
The FMC belnc developed at the university requires that the operations carried out
are automated as far as possible. Thus the AS/RS forms an integral part in the
automating of the materials handling function,

Secondary reasons are:

• Increased fioor space utilisation.
• Recovered space for manufacturing taollltles,
I) Reduced labour cost In storage operations.
It Increased labour productivity in storaqe operations.
" Improved control over inventories.
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In addition to these characteristics of the material, there ate other factors to consider
in analysing the system requirements. These other factors relate to the movement
and handling conditions rather than the material itself. They include (Groover, 1987):

• The quantity of material to be moved.
II The rate of flow required.
• The scheduling of the moves.
• The route by which the materials are to be moved.

The quantity of material moved will influence the type of handling system that should
be used. If large quantities of materials must be handled, a dedicated handling
system should be considered. If the quantity is small, the handling equipment must
be shared with other items moved.

The other point to consider is the type of environment that the FMC finds itself itt
This Is an important point as if any of the factors listed above are overlooked such
as a high rate of use of the machine tool centres, the material handling system will
have a high utilisation and could become the bottle neck of the system.

The storage area of the FMC should have sufficient. capacity so as to absorb the
fluctuations in work parts demand. The storage facility should also have enough
storage areas to accommodate a part family.
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2. LITERATURE SURVEY

Material handling is an important, yet sometimes overlooked aspect of automation.
The cost of material handling forms a significant component of the total cost of
production. Estimates of handling cost run as high as tVII..-thirds of the total cost of
production (Harrlnqtc.n, 1973). This fraction varies depending on the type and
quantity of productio: and the degree of automation, as well as the efficiency of the
material handling function. The purpose of material handling in a factory is to move
raw materials, work in progress, finished parts, tools, and supplies from one location
to another to facilitate the overall operations of manufacturing. The handling of
materials must be performed safely and reliably.

2.1 Analysis For Material Handling Systems

The planning of a material system must begin with an analysis of the materials to be
moved. Various materials require different mechanisms to transfer the materials
from one location to another.

rhe following characteristics apply when classifying a material:

II physical form.
o movement in large quantities or as individual pieces.
" whether the components are in containers.

The design of the material handling equipment therefore relies heavily on the type of
material, and the physical characteristics given in Table 2-1 should be considered.

Table 2-1 Table of physical characteristics of materials.

Category Measures or descriptors
Size Length, Width, And Height, Volume
Weight Weight Per Piece, Weight Per Unit

Volume
Shape Long And Flat, Round, Square
Risk of damage Fragile, Brittle, Sturdy
Safet~ risk Explosive, Toxic, Corrosive
Condition Hot, Wet, DirtY',Sticky
Pl}ysical form Solid, Liquid, Gas
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1.5 System at the University of the Witwatersrand.

The FMC currently being developed at the University of the Witwatersrand consists
of the following items:

• a CNC milling machine.
• a CNC lathe.
II a conveyor.
" a parts transfer device for the milling machine.
• a tool (;hanging robot.

The main emphasis of the FMC is to demonstrate the feasibility of flexible
manufacturing on a small scale. All the components have been built and designed
at the University and form part of an ongoing research project.

The purpose of this project is to design and build an AS/RS, responsible for the
dispatching of the palletised work pieces. Depending on the jobs selected by the
governing schedule rule the palletised parts will be fed onto the conveyor by the
AS/RS. The palletised work pieces will then transported, on the conveyor, to the
respective CNC machines.

A supervisory computer will monitor and control the entire operation while localised
PC's will be responsible for the control of the parts transfer devices.

The advantages to be accrued from the implementation of a FMC in a job-shop
environment are as follows (Hackman, 1990) :

• Increased productivity.
• Increased machine utilisation.
• Reduced work-progress,
• Reduced waste,
r.» Reduced man-power requirements.
• Automatic tleneration of managerial reports on the status of production.
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Another example is the Rolls Royce factory where an FMC is being developed for
the manufacture of turbine blades. It consists of sev sn grinding cells each served by
an industrial robot. The cell is designed to manufacture five families of blades for the
RB211 engine. The principal advantage sought in this application is to minimise
change-over time. A novel feature in the process is the use of a zinc alloy
encapsulation procedure for holding the work pieces. This is an unusual approach to
component fixturing and makes it possible to use robot technology. This cell is
designed to process 250 components per day. The principal in addition to
productivity is the decrease in change-over time from one part family to the next.

Hessler (1988) suggests that one way of boosting prnductivity is the use of low cost
automation, which falls in line with the research conducted at the University of the
Witwatersrand. The use of low cost components, such as off the shelf pneumatic
cylinders and hydraulic components, ensures that the cost of the device is justified in
terms of the overall cost of the FMC.

If South Africa is to compete world wide within the manufacturing arena, it needs to
increase the productivity of the small batch manufacturer. The implementation of
inexpensive automation without sacrificing the flexibility of small batch manufacturing
is one way of ensuring the competitiveness of SA.

1.2 Problem Statement

Design an automated storage and retrieval system. The device is to have
autonomous operation and computer-based control. The placement of the palletised
components should be sufficiently accurate to allow the successful placement of the
pallet onto the conveyor belt. The controlling algorithm must be capable of allowing
the user to specify which pallets are to dispatched and should be sufficiently flexible
to allow the future storage of information such as: pallets already dispatched,
mechanical failures, and system efficiency. The device is to form part of the FMC
being developed at the University.

1.3 Project scope and limitations

The project encompasses various fields such as pneumatics, direct current (DC)
motors, computer-based control and transducers. These will be brought together to
provide a programmable device that can be called a true robot. The limitation is that
the device will only have three degrees of freedom while more advan ....ed robots
usually have six degrees of freedom.

1.4 Work Strategy

1. Literature survey of various types of AS/RS and actuators.
2. Selection of AS/RS configuration and actuators.
3. Design of AS/RS based on actuators and configuration.
4. Build device based on design.
5. Write software in modular format.
6. Compile software and hardware into one unit.
7. Test and validate design.



Pa e 5
In additlon to the primary handling system, a secondary handling system is used in
many FMS installations. The secondary handling system is located at each work
station and is used to transfer work from the primary system to the work station. Its
function is to position and locate the parts with sufficient accuracy and repeatabilily
at the workstation for processing. The secondary system can also provide buffer
storage of parts at the work stations.

Within the FMS there is an automatic storage and retrieval system (AS/RS) which
supports the primary material handling system. The main function of the AS/RS is to
provide and retrieve work parts to and from the system respectively. The AS/RS is
an automated device able to perform the functions of picking and placing taw
materials and finished goods from the storage area to the primary handling system.
Material handling costs run as high as two thirds of the total cost of production
(Harrington, 1973) and thus the use of AS/RS strives to minimise the amount of
material handling within the system. Performance improvements from minimising
material handling include:

• higher utilisation of machines.
• less spoilage of goods.
• lower production costs.
GO increased productivity.

1.1.4 EXi3mpies of FMS In Industry

Systems based on the principles of FMS have been developed by various
companies in Japan (Hartley, 1983). The three most dominant manufacturers being:

It Fanuc, the maker of numerical controllers, small CNC and EDM machines and
robots.

It Murata, the maker of Robotrallers in Japan, as well as a variety of machinery
including textile equipment,

• Yamazaki, a large maker of CNC machines.

In France. Renault and Citroen are also using FMS to machine gearboxes for
cornmerclal vehicles, and prototype engine components respectively, while smaller
systems have been set up in many other countries.

Fanuc is I..;,,{nga wide range of NC machines, from small lathes to large portal
machining centres to produce a wide variety of parts for machine tools and robots.
Murata has a system that started off with only seven machining centres producing
parts from approximately 1m x 0.5m downwards. Yamazaki has produced a system
based on two lines to produce large parts for machine tools. In all cases, there is a
hierarchical computer control system. The common elements of all these systems
are CNC machining centres, automatic pallet handlers, unmanned trolleys and
buffer storage. The machine shops are operated for one or two shifts, and
unmanned for at least the third shift.
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The two main types of controllers available are as follows:

III Analogue.
• Digital.

Analogue controllers are discreet devices made up of components such as
operations: amplifiers, resistors and capacitors.

Digital controllers are used in two main methods : supervisory control and direct
digital control. In the first instance the computer acts as the controller supplying the
commands to the !1terfc;lce necessary to drive the DC motors. In direct digital control
the microprocessor or computer directly controls the motor i.e. setting voltage and
current requirements of the motor.

Control used in the project.

The control method used for the project Is proportional control, where the axis
velocities are set depending on the position of the axis. The velocity of the axis
depends on primarily two criteria : position from home position and position from
destination point.

The type "If controller used is a digital one used in supervisory mode. The computer
provides the algorithm while the electronic interface provides the direct drive of the
DC motors. The algorithm Is discussed in section 4.7.14 ProcedLire Xaxis,
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There are two main methods by which to drive DC motors:

• Varying the voltage.
• Pulse width modulation.

Varying the voltage entails changing the supply voltage to the armature of the DC
motor thereby causing a p.oportlonate change on the motors output speed.

Pulse width modulation (PWM) entails pulsing the motor with a constant voltage
amplitude, while varying the duty cycle of the pulsation to change the corresponding
output speed of the motor.

Both methods provide good control of DC motors but PWM provides better speed
control at low speeds (Marston, 1989),

fhere are a number of control techniques available to control DC motors. These are

·
• Two position control.
fl Proportional control.
II Integral control.
• Proportcr.al plus integral control.
• Derlvarlve control.
• Pror-ortlonal integral derivative control (PID).

Two position control Is used when the deviation of the required position witl) respect
to the desired position (error) reaches a value, the motor is switched off or on
depending on the value of the error.

Proportional control is where the change in the control signal is proportional to the
error.

Integral control is where the change in the control Signal is proportional to the
Integral of the error.

Derivative control depends on the rate at which an error is oocurrlng to modify the
control signal.
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The advantages of using direct current (DC) motors are as follows (Pagem, Lhote,
Kauffmann, Andre and Talllard. '1983):

• The energy required is easily available
• The robot is autonomous if run from batteries, and fixed robots can be run from

domestic supplies.
• Electrical motors now available do not require step-down gears and so can be

mounted onto the axis;
• Control is accurate, uniform, reliable and easy.
• There are no problems of leakage or pollution.

The weight factor is a disadvantage. The power-to-weight or torque-to-welqht ratio of
electrlc motors is lower than that of hydraulic motors. The weight of these motors
cannot be reduced signlfioantly since the frame is an active part of the magnetic
circuit.

Direct current motors have the important advantage of providing torque that Is
virtually Independent of the position and speed of the motor, depending only on the
field coils and armatures. If the field coil is replaced by a magnet, torque is
proportional to the current In the armature and speed depends only on supply
voltage. The DC motor cannot be used In positional servo control without the
folloWing accessories (Pagem, Lhote, Kauffmann, Andre and Taillard, 1983).

• Taohometrio generator;
• Positional sensor;
• Possibly step-gears or a mechanical system for transforming rotational Into

translational movement.
• Possibly a blooklng system for the motor at rest If permanent supply to the motor

is impractical due to problems of overheating.

Dir0ct current motors are flexible in application and have good speed control,
positional control and torque control. Performance standards are average despite
the advances in the uses of magnetic cobalt materials, which are, however,
expensive. Overheating is the rnaln oonstraint.
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Losses which occur in DC motors are:
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GI Winding losses.
• Brush contact losses.
• Iron losses.
• Friction losses.
• Short circuit currents.

The DC motor exhibits simple relationships between current, voltage, torque and
speed. The application of a constant voltage to the terminals of a motor will result in
the motor accelerating to attain a steady final speed (n), Under these conditions, the
voltage (V) applied to the motor is opposed bl.' the back emf (nKe) and the resultant
voltage drives the motor current (I) through the motor armature and brush resistance
(Rs).

The equivalent circuit (Stuart,1989) of a DC motor Is shown in Figure 2.9.

V
RL

.",~~, ..

Rs

L

W
Vg )

FIgure 2-9 DC motor equivalent circuit.

The value of the winding inductance (L) is generally small and thus can be ignored,
While the value of magnetic losses (RL) is generally large thus a small current passes
though RL. and can also be ignored,

If a voltage (V) is applied to the motor and a current (I) flows then:

V=IRs + v,
Vg = nKeV=IRs+nKE

but
so (2-2)

Where:

= Current (A)
Rs :::Motor resistance (Ohms).
Vg ::: Back emf (Volts).
n :::Motor speed (rpm)
Ke :::Motor voltage constant
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This is achieved by constructing the armature as a series of small sections
connected in sequence to the segments of a commutator. Electrical connection is
made to the commutator by means of two brushes. It can be seen from Figure :' a
that If the armature rotates through '1/6 of a revolution clockwise, the current in COliS
3 and 6 will have changed direction. As sucoesslve commutator segments pass the
brushes, so the current flow in the coils connected to those segments changes
direction. This commutation or switohing effect results in a current flow in the
armature which occupies a fixed position in space, independent of the armature
rotation, and allows the armature to be regarded as a wound core with an axis of
magnetisation fixed in space, This gives rise to the production of a constant torque
output from the motor shaft,

Out
... _, ......

\ _ .._.-.............. ",', ..

Figure 2-8 Electrical arrangement of the armature

The axis of magnetisation is determined by the position of the brushes and in order
for the motor to have similar charaoterlst'cs in both directions of rotation, the brush
axis must be positioned such as to produce an axis of magnetisation which is at 900
to the stator field,

There are three main of types DC motor (Hannafin, 1986):
• Iron cored,
• Moving core.
e I3rushless

DC motors are designed to convert electrical power into mechanical power and as a
consequence of this, during periods of deceleration or if externally driven, will
generate electrical power. However all the input power is not converted into
mechanical power due to electrical reslstanoe of the armature and other rotational
losses, These losses give rise to heat generation within the motor.

If the motor is driven by an external load the motor will operate as a generator, As
the shaft is rotated, a voltage will appear across the brush terminals, This voltaqe is
called the back emf and is generated even when the motor is driven by an applied
voltage, The output voltage is a linear function of the rotational speed of the motor,
having a slope defined by the motor voltage constant, Ke (quoted in volts per 1000
rpm),

Motor losses can be divided into two areas: those which depend on the 1C)~dand
those which depend on speed.
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!n order to achieve maximum performance from the motor, the maximum number of
conductors must be placed in the magnetic field, so as to obtain the greatest
possible force. In practice this results in what is in effect a cylinder of wire, with the
windings running parallel to the axis of the cylinder. A shaft is placed down this axis
to act as a pivot, and this arrangement is called the motor armature. (Figure 2.7)

Stator field

Resultant field due "-
to armature current . '\ ~.

o/'.".._ ~)
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Figure 2~7 DC motor armature

It can be seen that as the armature rotates, so does the resultant magnetic field, and
the armature will come to rest with its resultant field aligned with that of the stator
field, unless some provision is made to constantly change the direction of the current
In the individual armature coils,

The force bringing about rotation of the motor armature Is the result of the interaction
of two magnetic fields (the stator field and the armature field), In order to produce a
constant torque from the motor, it is required that these two fields rernain constant in
magnitude and in relative orientation,
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2.3.1 Direct Current Motors

The history of the direct current (DC) motor can be traced back to the time of
Faraday who did extensive work with disk type machines.

This design was quickly improved upon, and by the end of the 19th century the
design principles of DC motors had become weHestablished.

At about that time, however, alternating current (AC) power supply systems carne
into general use and the popularity of the DC motor declined in favour of the less
expensive AC induction motor. More recently, the particular characteristics of DC
motors, notably high starting torque and oontrollability, have led to their application in
a wide range of systems requiring accurate control of speed and position. This
process has been helped by the development of sophisticated drive and computer
control systems.

The main principles are based on the well known fact that when a current carrylnp
conductor is placed in a magnetic field it experiences a force.

The force acting on the conductor is given by :

F= I x B (2-1)

where;

B= magnetic flux density (Tesla, T)
I = current (A).

If this single conductor is replaced by a large number of conductors (l.e. a lelngth of
wire Is wound into a coil), then the force per unit length is increased by the number
of turns In the coil and this forms the basis of a DC motor.

The problem now is that of using this force to produce the continuous torque
required in a practical motor.
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2.3 Actuators A veileble for the ASIRS

An actuator is a device by which motion is generated, e.g. motors and pistons. The
choice of actuator is influenced by factors such as: torque, speed, accuracy,
reliability, maintenance, and weight (Biscoe, 1988).

The different kind of actuators relevant to this project will be discussed individually
as well as their advantages and disadvantages. The actuators that are available for
robots are the same for small scale AS/RS's. Robot actuators can be electrical,
pneumatic, hydraulic or some combination of these.

Pneumatic systems are found in about 30 % of robots (Pagem, Lhote, Kauffmann,
Andre and Taillard, 1983), although they are confined mainly to limited sequence
devices. Pneumatic drives have the merit of being cheaper than other methods, and
their inherent reliability means that maintenance costs can be kept down. Since
machine shops typically have compressed air available this makes the pneumatic
robot a common choice, as personnel on the shop floor are already familiar with
compressed air tools. However, tile system does not allow for easy control of either
speed or position; two essential ingredients for any successful robot.

Electromechanical drives are used in some 20% (Pagem, Lhote, Kauffmann, Andre
and Taillard, 1983) of robots. Typical forms are servomotors, stepping motors, pulse
motors, linear solenoids and rotational solenoids.
The most popular form of drive system is h;Jraulic, because of :

• compactness.
• high levels of force and power
• accurate control.
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Given a specific pallet to retrieve the SIR machine must be controlled to ensure that
the final destination point is indeed the correct one. There are several methods by
which the SIR machine can verify the pallet. One method is to count the vertical and
horizontal pallets moved and thus arrive at the correct position. For a successful pick
operation a reflective sensor could be used to align the SIR machine with the pallet.

Computer controls and programmable controllers are used to determine the required
location and guide the SIR machine to its destination. The computer's primary
function Is to maintain the records of items to be picked and generate managerial
reports about system performance, inventory control and scheduling of jobs. A
programmable logic controller (PLC) is normally used for the actual activation of the
SIR machine. Computers can also be used to do the PLC's job by making use of
speolallsed prooess control cards.

2.2.7 Additional Features

There are a number of extra features that can be added to the basic components in
order to provide a higher degree of automation and in turn increase the system
efficiency. These other features are (Groover 1987):

• Aisle transfer cars.
t! Fuillempty bin detectors.
41 Sizing stations.
• Load identification stations.

Most AS/RS's have one SIR machine per aisle. In AS/RS where the activity is low
the cost of having one SIR machine per aisle Is not warranted and this is where aisle
transfer cars come Into effect. Aisle transfer cars are rigid structures that transport
the SIR machine from one aisle to the next as the need arises.

A fulilempty detector is another feature that serves to make the AS/RS more
autonomous. The detector is an electronic sensor that serves to detect whether the
pallet is indeed in the correct place or whether there is a pallet. If the pallet is not in
the correct location a recovery algorithm is set in motion to rectify the situation or the
AS/RS will indicate to the operator that there is an inconsistency within the storage
area.

The primary task of a sizing station is to ensure that the pallets or work pieces fall
within the specified limits of the storage facility. The sizing station monitors the
pallets dimensions and mass of work pieces tI·, check whether they are within the
required specifications.

Load identification stations serve the purpose of ensuring that the right pallet is
placed at the right place at the right time. The need for load identification stations
diminishes as the use of the human operator decreases.
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Thus the SIR machine must have at least three degrees cf freedom in order to
accomplish a successful pick operation. The higher the degrees of freedom the
more versatile and flexible the SIR machine is. However at the extreme of this
flexibility is the robot, and as the flexibility increases so does the cost of the device.
Adding extra degrees of freedom will not necessarily improve the system
performance. In the successful execution of the task some of the degrees of
freedom will have been made redundant.

The SIR machine must have the following characteristics to have a successful pick
operation:

(I Accuracy.
• Speed.
• Repeatability.
• Reliability.

The storage modules are the containers of the stored material. Examples of storage
modules include pallets, steel wire baskets and containers, tote pans storage bins
and special drawers. These modules are generally made to a standard base size
that can be handled automatically by the shuttle of the SIR machine. The standard
size of the pallet also permits it to be stored in a compartment that allows convenient
entry and extraction of the load by the shuttle.

Tile pick and deposit stations are used to transfer loads to and from the AS/RS.
They are generally located at the end of the aisles for access by the SIR machines
and the external handling system that brings loads to the AS/RS and takes loads
away. The pickup stations and deposit stations may be located at opposite ends of
the storage aisle or combined at the same location. The pick and deposit stations
may be designed so that they are compatible with both the SIR machine shuttle and
the external handling system.

2.2.6 AS/RS controls

The principal control problem in ASIRS operation is the posltloninp of the SIR
machine within an acceptable tolerance at the storage compartment in the structure
for depositing or retrieving a specific load. The locations of materials stored in the
system must be determined In order to direct the SIR machine to a particular storage
compartment. Each compartment In the AS/RS is identified by a location number,
which indicates aisle, horizontal position, and vertical position in the structure. A
scheme based on alphanumeric codes can be used for this purpose. Using this
location identification scheme, each unit of material or work piece that is stored is
given an identification code and referenced to a particular location in the storage
system. The record of these locations is calied the item location file. Each time a
storage transaction is completed, a record of the transaction must be entered into
the item locatio, Ifile (Hackman and Rosenblatt, 1990).
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2.2.5 Basic components of an AS/R.S.

All AS/RS's consist of certain building blocks, used for nearly all of the AS/RS
categories described in Section 2.2.3. These components are (Groover 1987):

• Storage structure.
• Storage/retrieval (SIR) machine.
• Storage modules (e.g .. pallets for unit loads).
• Pickup and deposit stations.

The storage structure is the framework within which the components are stored. The
structure should have sufficient strength and rigidity so that the structure does not
deflect significantly when loaded. The pallet holders should have the correct
dimension to locate the pallets but at the same time have compliance so that the
pallets can be inserted and removed without jamming.

The storage structure should also be designed optimally, i.e. the relationship
between number of horizontal bins with respect to vertical bins should be a function
of cost and efficiency of the system. The storage area shond also be modularised
as far as possible so as to allow the addition of extra storage space without incurring
a large cost.

The SIR machine (sometimes called the crane) is used to accomplish a storage
transaction, delivering loads from the input station into storage, or retrieving loads
from storage and delivering them to the output station. To perform these
transactions, the SIR machine must be capable of horizontal and vertical travel to
align its carriage (which carries the load) with the storage compartment in thA
storage structure, and it must also pull the load from or push the load into the
storage compartment.

The carriage (which forms part of the SIR machine) consists of some form of shuttle
mechanism to deposit loads into and extract loads from thn; ...storage compartments.
The design of the shuttle system must also permit the ') be transferred from
the SIR machine to the pick and place statron or other. al handling interface
with the AS/RS. The shuttle should have some form of gripper mechanism to grasp
the required pallets.
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Cartesian Configuration

In this configuration shown in Figure 2.5, the robot has three perpendicular linear
motions.

Figure 2-5 Cartesian configuration (Owen, 1980).

Gantry Configuration

With this type of cor.flquration the robot has identical motions to the Cartesian
configuration. The difference is that the gantry configuration has extra support thus
providing a more rigid support and the ability to carry larger loads. It is used mainly
for transferring larger loads and in assembly operations.

SCARA configuration

This type of configuration is similar to that of the arm and elbow configuration. The
difference is that the joints normally operate in the horizontal plane and have a linear
movement in the vertical plane, shown in Figure 2.6,

Fiqure 2-6 SCARA Configuration (Owen, 1980).
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3.4 Preliminary design ideas

The first preliminary design consisted of a gantry configuration and ma-es use of
ball screws driven by stepper motors to provide the positioning of the griPfJer.

The structure would consist of square tubing and have a trolley assembly that would
run along ralls within the structure, driven by the ball screws to position the gripper
at the required location.

The second design consisted of a revolute configuration, making use of hydraulic
rotary actuators for the various joints, thus in effect giving the largest degree of
movement of the preliminary designs. The structure would resemble that of a
human arm and the position of the various links would be monitored with rotary
encoders.

The third preliminary idea makes use of a cylindrical configuration and hydraulic
actuators. The rotary actuator is to be used to rotate the arm, the hydraulic cylinder
is used to extend the arm and a second cylinder then gives the vertical axis of
motion. The position of the various links would be monitored by rotary encoders.

Drawbacks of preliminary designs

The first preliminary idea has the following disadvantages:

• stepper motors turn at a low speed, thus if ball screws are adopted to provide
linear motion, the final velocity of the device is far too slow for use in industry.

• The supporting structure will be large and cumbersome.

The second preliminary d8sign has the following drawbacks:

• Control algorithm that Is tar too complex for the required task and would lead to
a robot that would have cos' beyond the given budget.

• At least four rotary encoders would be needed together with stepper motors or
alternatively six rotary encoders. The available personal computer (PC) card can
only handle three rotary encoders thus two such cards would have been
required.
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The various principles available in the manufacture of a robot are tabulated below.

Table 3·" Principles of drivers (Shigley '1986)

Criterion Hydraulics Pneumatics Electronics Mechanical
Energy carrier Oil Air Electrons Shafts,

linl<ages,
belts, chains,
wheels.-Energy Pipes, hoses, Pipes, hoses, Cables. Shafts,

transmission bores b~ linkages, etc.
converslon Pumps, compressors, G.enerators,
from or into cylinders, cylinders and batteries,
mechanical hydraulic pneumatic electric
Energy. motors motors motors,

magnets, etc.
Important Pressure Pressure Voltage, Force, torque,
variables Flow Flow current velocity,

rotational
speed

Power Excellent, Good, limited Good Good
compact by pressure because

energy
conversion Is

- not needed
Accuracy of Excellent Fair (air Is Differs Excellent due
motion because oil is compressible) conslderably to positive

incompressible (slippage and connection
stepping
motors)

Efficiency Fair to good i Fair to good Good Good
Controllability Excellent Excellent Excellent Fair . .-.
Using the information in Table 3·1 it was decided to investigate the possibility of
driving the primary axes with DC motor and ball screw comblnatlons. This could lead
to a design that has a high power factor with excellent controllability as well as a high
degree of accuracy.
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3.3 Criteria

The robot should satisfy the following criteria:

• Fast moving (2.5 m/min),
• Easily programmable.
o Low maintenance.
• Reliable.

It was decided to construct the robot using a combination of electronics, pneumatics
and mechanlcal principles extracting the advantages of each system to maximise
the design in terms of torque developed, positional accuracy and speed.



Page 37

3. DESIGN PROCEDURE

The first step In the design was to choose a configuration that best suited the task at
"land. The required operation of the device depends on the layout of the storage
area A number of configurations for robots are available and one of these
configurations, or a combination of them, can be used for the final configuration of
the AS/RS device.

3.1 Requirements

• The AS/RS must have a storage capacity of at least sixteen pallets.
The AS/RS must remove a loaded pallet from the storage matrix.
The gripper must be able to locate and grasp the pallet.
The AS/RS must be able to place the pallet onto a intermediate storage buffer
area.
The AS/RS must be able to store the pallet.

., The operations that make up a typical cycle are:
1. Locate.
2, Grip.
3. Lift.
4, Transfer,
6. Insert.
6, Release.
7. Retract.

• The Cleslgnmust be flexible l.e. allow parameters to be changed.
• The ASJRS must be able to pick up components with a mass of at least 500 g
• The AS/RS must be able to pick up pallets having a maximum size of 100 x 150

mm.
• The AS/RS must have an accuracy of at least 3 mm.

3.2 Constraints

• Budget of R 10000
• Available technology .
., One year fOI' implementation.
, Size of structure (1200x1 OOOxi 000 rnrn).
., Permissible weight of various robots segments (max. 1kg each).
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2.5 Sensors and Transducers

A transducer is a device that converts one type of physical quantity (e.g.,
temperature, force, velocity, flow rate) into another type (commonly electrical
voltage). The reason for making this oonverslon is that the converted signal can be
used or evaluated more conveniently. Transducers are often called sensors as they
are used to measure some physical quantity (Jamshidi, 1990).

There are tW(I main tYPE~S of transducers, namely analogue and digital. Analogue
transducers produce c:' continuous analogue signal such as an electrical voltage.
Digital transducers are measuring devices that produce a digital output signal. Digital
transducers are becoming more popular due to the fact that they are easy to
interface wlih stand-alone measuring devices.

2.5.1 Typ ,of Transducers

There are a variety of transducers available but the types of most interest are those
that measure dk;p:-acement, velocity, and acceleration (Engelberger, 1980). Force is
important when ~Jctnslderlng grippers although in the case of this project, force
measurement is not required.

Trannducers used to measure displacement, velocity and acceleration are:

" Potentiometer S
• Absolute rotary encoder.
• Incremental rotary encoder
• Linear-variable-differential transformer
• Tachometers,

There are other sensors that can be used such as limit switches to detect the
absence or presence of objects as well as vision systems to identify objects in the
working envelope,
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2.4 Control Systems

2.4;1 Programmable Logic Controllers.

A programmable logic controller (PLC) is defined by the National Electrical
Manufacturers Association (NEMA) as (Groover 1987):

"A digitally operating electronic apparatus that uses a programmable memory for the
internal storage of instructions for implementing specific functions such as logic,
sequencing, timing, counting, and arithmetic capabilities to control, through digital or
analogue inpuUoutput modules, various types of machine or processes",

A PLC has almost the same structure as a computer, however, it has been specially
designed so as to interface with external devlces such as relays and other hardware,

The advantaqes of using a PLC are as follows

• Programming a PLC is easier than wiring a relay control panel,
• A PLC can be reprogrammed, Conventional controls must be rewired and are

often scrapped instead,
• PLCs take less floor space than relay control panels.
• Maintenance of a PLC is easier, and reliability is greater,
• A PLC can be connected to the plant computer systems more easily than relays

can,

2.4.2 The Computer

The computer is an easily programmable device with mass storage, video display,
keyboard and Interfaces to peripheral devices such as printers and plotters, The
computer however is limited in its capabilities to drive external devices such as
relays and valves.

There are various ways to overcome this problem especially with the availability of
computer-based control cards.
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2.3.5 End Effectors

The end effectors are generally used as manipulators or as tools to perform some
operation. The end effector must be capable of carrying out an operation without
damaging the object It is manipulating.

There are many ways of grasping an object and these are listed below (Owen,
1980):

• Mechanical grippers.
• Hooking onto a pd t.
• Lifting and transferrmg a part on a thin platform or spatula.
• Scooping or ladling.
• Electromagnets.
• Adhesives.
• Quick disconnect bayonet sockets.

There are also a variety of configurations such as two fingers, three finger grippers,
vacuum cups and human hand configuration.
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2.3.4 Hydraulic Systems

Although there are hydraulic systems that are powered by water they have
problems, such as oxidation, the growth of mould and poor lubrication. The most
useful hydraulic fluids are mineral oils. These fluids also have excellent heat
dissipation properties, and therefore contribute to safe running temperatures.

The pressure can reach up to several thousand KPa in some robots, but the
common pressure is about 10 MPa (Pagem, Lhote, Kauffmann, Andre and Talllard,
1983).

The main problems to be resolved are:

• To transport the oil to the various joints of the robot.
• Leakage from the connecting pipes.
• Adequate fluid filtration, as small particles block servo valves and erode flow

controllers.

There are a number of hydraulic actuators available that can bv used at the joints to
provide linear or rotational movement.

• Linear pistons
• Linear movement transformation pistons that use a rack and pinion system to

translate linear motion to rotational motion.
II True rotary pistons or flapper pistons.
• Rotary motors
II Motors with axial pistons shafts and inclined plate.
• Motors with axial pistons and inclined barrel
II Motors with radial pistons.
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2.3.3 Pneumatic Actuators

Compressed air can be found in any workshop at a low pressure, usually not
exceeding 1000 KPa (Pagem, Lhote, Kauffmann, Andre and Taillard, 1983). It is
simple to use and is conveyed through small and flexible pipes. Air actuators have
the following characteristics:

• Because the fluid is non-corroding problems of air tightness are not important, so
that hard wearing, low cost components can be used.

o The power to ";'eight ratio lies between those of electrical and hydraulic systems.
Operation is larfj01y unaffected by extremes of tempt' ature.

o Maintenancr is easily carr .ed out.
• Little special training of the user is required.

Pneumatics do have disadvantages. These systems have little lubrication thus
friction can be a considerable problem. The air always has some amount of water
vapour that leads to condensation and thus could cause damage to the actuators.

The main charaoterlstlc of a gas is its compressibility and this can be used to resist
overloading. However in terms of positional control this is a distinct disadvantage.

There are a variety of actuators namely:

e Linear pistons
• Rotary pistons such as a rack and pinion system.
• Multi stage pistons that allow several positions to be attained;
• Impact or percussion pistons for riveting or marking operations.
" Cable pistons without shafts for long strokes.
II Curved pistons without shafts for lateral output.
" Membrane Dr bellow pistons for long strokes.
• Simple pistons that swell and shorten as the internal pressure increases.
" Motors,
• Volumetric motors,
• Turbines.

The following items are used to control or supply the pneumatic devices with air, 01'
pressure.

• Valve distributor. This is a distributor with three apertures and two pceltlons.
• Spool distributor. A mobile spool moves across ports varying the amount they are

opened and hence controlling the movement of air between the ports.
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With a bipolar drive, alternative possibilities exist for the motor connections except
when the motor has only four leads. An s-tead motor can be connected with the two
halves of each winding either in series or in parallel (Stuart, 1989); with a 6 lead
motor, there is the option of using either one half-winding or both half windings in
series. The alternative connection schemes produce different torque speed
characteristics and also affect the current rating of the motor (see Figure 2.1,,).

orque
N.m

Parallel

Series

Speed RPM

Figure 2-11 Torque curves for series and parallel connection.

As a rule (Hannifin, 1985), parallel is the preferred connection method as it produces
a flatter torque curve and greater shaft power. SeriM is useful when high torque is
required at low speeds, and it allows the motor to ~;roduce full torque from a lower
current drive.
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Most stepper motor manufacturers are now tending to standardlse on a-lead motors
(Figure 2.10). These offer the best combination in terms of motor performance and
flexibility. However, motors with other numbers of leads are also available and are
evaluated below (Marston, 1989).

• Four lead motors are simple to connect ::..ndshould in theory be a little less
expensive than their counterparts with extra leads. There is no option of making
series or parallel connections to get a different torque characteristic, and this type
of motor cannot be used on a unipolar drive.

• Five lead motor's are rare and have similar charactertstics to the 6 lead motor
except that they have one common line.

o Six lead motors are decreasing in popularity, their main drawback is the inability
to connect the coils in parallel as can be done with an a-lead motor. However, it
should be remembered that a 6-lead motor with the windings in series is
equivalent to a parallel-connected motor with half the current rating. Therefore a
high current 6-lead motor Cangive a useful performance connected in series.

a-t ec o

C~
Figure 2-10 Motor lead connection.
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2.3.2 Stepping Motors.

Stepping motors allow a digital electrical signal to be converted directly into an
incremental angular positioning movement. The stepping motor is synchronous, so
there is a correlation between the input command and the resulting position. There
are undeniable disadvantages of this type of system: acceleration and deceleration
are discontinuous, and performance standards are limited. Torque varies with the
position of the rotor. The faults can be overcome and even completely rectified by
adapting the power supply to suit the motor, and other design improvements can be
made.

There are three categories of stepping motor (Pagem, Lhote, Kauffmann, Andre and
Taillard, 1983):

• Motors with permanent magnet rotors.
IP Motors with variable reluctance.
• Hybrid motors that combine the properties of the other two types.

A number of stepper motor characteristics determine the final torque and
performance of the stepper motor, namely:

Motor current rating

The current rating of a stepper motor is based primarily on the permissible
temperature rise of the case (Hannifin, 1985). Operation at the rated current will
produce the full rated torque of the motor at low speeds, Most motors are available
with alternative windings having different current ratings, which means that each
winding has a different number of turns and therefore a different inductance. It is
important to make sure that the best winding is chosen for the application.

A motor with a low current rating has a large number of turns and therefore a high
inductance. Although this motor can be driven from a low-current drive, the high
inductance causes the current (and therefore the torque) to drop off rapidly as speed
is increased. Such C' motor is therefore suitable only for low-speed operation.
Conversely a high~current motor has fewer turns and therefore needs a higher drive
current, but tile lower inductance results in a much flatter torque curve as speed is
increased.
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The gripper as shown in Figure 3.9, has been designed with a step machined in its
jaws to prevent the pallet from slipping out when being moved.

Top View

1'l
.j··II]...·

1.1
Front View

Figure 3.9 Grippel"
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3.7.2 Gripper Final Design

The chosen gripPl9r is a pneumatically actuated device designed to grasp a locator
on the pallet. TIle gripper has a small pneumatic cylinder that extends when the
gripper needs to be closed and retracts when the gripper needs to be opened.
Figure 3.7 shows the AS/RS grasping the pallet.

Figure 3.7 Gripper grasping the pallet.

The two jaws open radially and pivot about a point. The gripper has been designed
to grasp a locating element on the pallet (see Figure 3.8) and to prevent rotation of
the pallet in tile horizontal plane .

:'1 .1"

I
L.

Front View
1-- ", " -.....:

Figure 3.8 Pallet withlocating element.
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Figure 3.6 shows the second preliminary gripper design using square jaws as the
grasping mechanism. The jaws would be moving parallel, and thus locating the
pallet within the jaws. Friction or a locCltlng groove would be the force that would
prevent the pallet from slipping out.

1 Movement

II
II

, .. I

Figure 3.6 Square Jawgripper.

The disadvantage with this configuration is two~fold :

• The gripper would be large and cumbersome.
• The mechanism to ensure that the jaws travel parallel Is complicated and

unnecessary for such a low level task as that required to plok the pallet.
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The main function of the gripper Is to securely grasp the pallet. The gripper should
be maintenance free and lightweight.

3.7.1 Preliminary design

A number of gripper configurations exist and they all depend on the pallet shape,
The gripper can be designed to resemble a pair of forks as shown in Figure 3.51

which are inserted under the pallet and then lift the pallet off the shelf to the deposit
point. .

[
'~--~.~. n_'~J

":.,,,-...,~ ..~,,,.,,Yi" ·c~_

,---' ._-_. '-----.,

" Forks

Figure 3,5 Preliminary design 1

This design has its drawbacks in that the pallet can be dislodged from the forks, In
addition there is no positive stop to ensure that the pallet has been properly
posltloned,
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3.6.3 The y-axls

The y-axls is constructed in exactly the same manner as the x-axis the only major
difference Is that three vertical shafts were used and that the support ends are
manufactured from aluminium. The reason for using aluminium for the support ends
of the y-axis is that the weight of the moving structure needs to be kept as low as
possible to minimise the inertial forces of the device. The total travel distance of the
y axis is 640 mm.

3.6.4 The z-axls

The z-axls is attached to the y-axls and the entire z-axls moves along the y-axls, A
trolley, carrying the gripper, moves along the z-axls driven by a DC motor and
ballscrew combination. The gripper assembly is mounted on the pneumatic cylinder
that is able to provide an extra extension of 100 mm in conjunction with the 320 mill
provided by the ballscrew travel distance.

The z-axls primary fLII-l")tionis to position the gripper in the horizontal plane for the
successful retrieval of the pallet.
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The attachment of the steel shafts to the mil"" ...·,.........1 supports has been done using
the olamping method shown in Figure 3.4. Irus is a much more effective method
than using grub screws to hold the shaft in place. The clamping force is uniformly
distributed around the shaft thereby providing excellent clamping of the shaft,

l",,__

The bearings have been fitted into the steel housing using an H7 tolerance fit. This
is to enau.e that the bearings are semi pressed but at the same time are able to be
easily removed from their housing.

Both the bellh,·~Isings for DC motor and rotary encoders have been constructed with
a window (A sndlx B, drawing No. ASRS~15) for easy access to the couplings as
well ':::IS a st.· to centrally locate the bellhousing on the support end. Both bell
housf Igs have been constructed from mild steel and provide the Interface between
the Dt motor and the rotary encoder with the x-axls

The ballscrew was chosen over a conventional ACME screw thread for two primary
reasons:

CI Ballscrews have E\ mechanical efficiency of 90 % as compared to 40~50 % of
ACME screw thread.

• There is negligible backlash in ballscrews.

The purpose of using ball screws to drive the S/H mechanism along the x-axls, upon
which the y-axls is mounted on, is to provide accurate positioning. 'ThE~ total travel
distance of the x-axls is 800 mm.
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3,6.1 Cost Breakdown

The approximate cost breakdown (excluding labour) of the device is given in Table
3..3,

Table 3-3 Cost breakdown for final design (Approximate figures),

Item Cost

Ballscrews and nuts R2140

Pneumatics R 400

Motors R425

Linear bearings R 1200

Process control cards R 3000

Power supplies R 1200

Materials and electronics R 2500

TOTAL COST R. 10865

3.6.2 The x-axls

The x-axls Is mounted on two mild steel supports (see Appendix A drawing No,
ASRS-14), each weighing approximately 20 kg to provide rigid support, Two steel
shafts «p '16 rnrn) are mounted between the steel supports and act as guide rails for
the SIR mechanism, The DC motor is attached at the one end of the x-axls via a
bellhousing. The DC motor is responsible fror driving the ball sorew vlel a Lovejoy
coupling, The ball screw is mounted on deep groove roller bearings located within
the steel supports; the ball screw in turn drives a ball screw nut that is attached to
the SIR mechanism, On the other side of the x-axls the rotary encoder is ?ctached to
the steel support via a bellhousing and to the ball screw via a coupling,
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3.6 The final design

The final design Is based on a Cartesian configuration, having three degrees of
freedom, namely x, y, Z axis, The main drive mechanism consists of ball screws
driven by DC motors, having rotary encoders attached at the end of each axis to
monitor the axis position, The system is controlled by a personal computer that
instructs the AS/RS to pick a pallet and oversees all the control aspects in terms of
activating and monitoring the relevant axes of the AS/RS, Figure 3,3 shows a
photograph of the final design and the assembly drawing is given in Appendix A
drawing number 'ASRS-1',

FifJure 3.3 Final design of AS/RS.
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be 2 m. This will obviously be a non viable option in terms of physical space required
by the system.

The ball screws would be dnven by either stepper motors or DC motors. Stepper
motors have the advantage that no feedback is required and can be used as an
open system while still being able to position itself accurately. It must noted, that
although no feedback is required for stepper motors there exists the risk that the
motors might lose steps if they don't develop sufficient torque.

DC motors however require feedback in order to provide accurate positioning. DC
motors are also generally smaller in size than stepper motors for the same power
ratings. Second hand DC motors were found to be readily available.
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T bl 3 2 C t f h d I' t'a e " os 0 lYj rau IC o~ Ion
Description Amount
Electronics R 6600
Flow control valve and subplate R 2200
Solenoid valve and subplate R 1500
Hydraulic power pack R 3000
Hosesandconnecto~ R 300
Linear pistons R 1800

Total cost of system R 16000

Shelf storage:

The storage facility resembles a multi-layer shelf system, with pallets being stored in
specific compartments within each shelf.

--'~~-~----'-- '-- ...-----------1

[ I ,:::t
e

:o,:Pt'..J..:_~_e_nt-L__ --'

© Gripper

I [l;:'/RMnc::hifle>

Motion .'. . Motion . Linear.
z-axls "'-... -- ... Y-axis I Slide

[J J 1® ~-"J_. --,__ -.. '_'__ _,_._. ~ ...•.~__ ~__ ",""""""''' .• ".~ ,"~.~. _~ '_'_"o,'-_"r'~_' ..._,,_.~.._,..,.__ ,_ •__ -.. .... ".

~. _ _,__,._. .. '~~~ ..,,,~~ ..._. __ , ~,•.,._ ..• ~._ ..,....".~*_'""_"~_ ... ......_,._.--" .. ......,,..... w_" .

.__ -----_ .._ •.... -..--~~~~.:~~:~... -.---.- ..••---_ . _..

Figure 3·2 Shelf storage aptian (Top view).

As can be seen from Figure 3.2 it was decided that the operation of picking a paliet
from a storage facility and depositing it into a storage buffer required three primary
motions, namely, travel in the x direction, travel in the y direction and movement il1
the z direction. The contlquration best suited to these requirements is the Cartesian
configuration.

ThE; length of travel of the three respective axis warrants the use of ball screws as
the main drive mechanism. If pneumatics or hydraulics are used and a stroke of
approximately 1 m is required, the full length of the cylinder when fully extended will
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The design could be based on hydraulics, pneumatics, stepper motors, DC motors
or a combination of these. The robot arm would have three degrees of freedom,
namely rotation about the vertical axis, motion in the vertical plane and motion in the
horizontal plane.

The base is driven by a stepper motor together with a gearbox, or alternatively using
a DC motor and gearbox combination together with a rotary encoder to provide
feedback on the relative position. The vertical axis on the other hand would be
powered using hydraulics or pneumatics. However if pneumatics are used then there
is no intermediate control of the axis movement i.e, the vertical axis cannot be held
stationery at some intermediate point of its stroke. Hydraulics lend themselves to far
superior control and are able to be stopped, with high accuracy, at any intermediate
position. Pneumatics are cheaper to use and don't have the requirement of a power
pack as in the case of hydraulics.

Owing to the nature of having a multi-layer storage facility, the robot has to have the
ability to position itself accurately within the vertical plane. For this reason hydraulic"',
would be the better option (Table 3-2). The same argument can be used for the use
of hydraulics in the horizontal plane. The gripper would be pneumatically or
hydraulically based as no trajectory control Is necessary. To monitor the extension of
both the vertical and horizontal movements rotary encoders would be used to
provide high resolution and repeatable monltorinq.

The storage facility would rotate about its vertical axis using either a stepper motor
and gearbox combination or DC motor and gearbox combination. If a DC motor is
used to drive the storage facility then a rotary encoder must be used in conjunction
with the motor to provide accurate posltlonl. '.

In total the system would have four degrees of freedom, namelv the three degrees of
freedom of the robot plus one for the storage facility. Thus at least two rotary
encoders plus two stepper motors are required or alternatively four rotary encoders
and two DC motors.

The stepper motor drives cost R1500 each and a stepper motor control card for a
three axis system would cost in the region of R 2000. The cost of one rotary encoder
would be R 200 and the control card to monitor three rotary encoders would cost
R2500.

Thus if the configuration is taken as follows:

• stepper motor to drive storage facility.
• DC motor to drive the base of the robot.
• Hydraulics to drive the vertical and horizontal axis.
• Rotary encoders to monitor the three degrel?,sof the robot.
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3.5 Secondary Design Ideas

Two main types of storage were seen to be viable:

Cylindrical storage:

If the storage area is to take form of a cylindrical storage racilitYI then the best
configuration for' the device is the cylindrical configuration, The layout would entail
having a multi-layer circular storage facility that would be rotated about its vertical
axis depending on the choice of pallet to be picked, The SIR would then extend its
arm and pick the required pallet. Once the pallet has been retrieved the SIR
machine would then rotate to a deposit point (see Figure 3,1) .

••1"".

Figure 3-1 Cylindrical storage option (Top view),
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prevent the destruction of the transistors within the H-bridge configuration. The
motor can draw as much as 50 A in the initial start-up and then drops down to its
nominal value of 8.8 A.

RIO = V,,_
I

(3.2)

RiO = 50V/10A
RiO = 5 Q

RIO

,

Figure 3-16 I-,'-bridgeconfiguration.
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Table 3-4 Pin layout of DC drive.

Pin Description x-exls y-axis (310H) z-exi« (310H)
(On DC (390ft) :37 pin con. 37 pin con.
drive) 37 pin con.
a +12V Pin 1 Pin 1 Pin 1
b +5V - Pin 2 Pin 2Pin 2
c Digital output of PC36(LSB) Pin 4 Pin 12 Pin 4
d Digital out~ut of PC36 Pin 5 Pin 13 Pin 5
e Digital output of PC36 Pin 6 Pin 14 Pin 6
f Digital_output of PC36 Pin 7 Pin '15 Pin 7
Q Diqltal output of PC36 Pin 8 Pin 16 Pin 8
h Digital output of PC36 Pin 9 Pin 17 Pin 9

(M~l').
i oro.md Pin 37 Pin 37 Pin 37
j -12V Pin 35 Pin 35 Pin 35

Resistors RO act as pull up resistors to +5V to eliminate any floating outputs. The
digital signals from the PC 36 (c-g) are fed to the digital to analogue converter (D/A)
namely the L291. The L291 converts this 5 bit digital word to a voltage signal which
is then fed to the operational amplifier (741). The offset voltage is set by the variable
resistor VR, this ensures that when the digital word is zero the output voltage of the
L291 is also zero and when the digital word value is 30 the output voltage is +10 V,
The operational amplifier acts as a voltage follower or inverter depending on the
state of pin (1'1). If pin (h) is at the high state It will then activate the relay (D32A3110)
and thus the operational amplifier will act as an Inverter, If however the pin (h) is set
at the low state then the operational amplifier acts as a voltage follower,

The output of the operational amplifier ranges between +10 v and -10 V, The 10 V
voltage level indicates maximum velocity of the motor. The output signal of
operational amplifier is fed to pin 6 of the H-bridge motor driver (L292).

This signet! is used to pulse width modulate the oscillator signal by means of the
Internal comparator. The pulse width modulated signal controls the duty cycle of the
H-brldge to give an output current corresponding to the L292 input signal. The
interval between one side of the bridge switching off and the other switching is
programmed by C2 (see Figure 3.15). The value of C2 is taken as 1.5 nf. The
resistor R8 determines the feedback loop of the L292 and ultimately the duty cycle
of the motor. For effective functioning of the L292 a value of 4.7 KO is
recommended.

The maximum current that the L292 can deliver is 2 A. However this is too low for
the satisfactory operation of the DC motor. Thus a booster H-bddge was constructed
to circumvent this problem as shown In Figure 3.16. The booster H-bridge is able to
handle voltages up to 100 V and 10 A. A 5 n (R10) resistor is placed in line with the
H-brldge to limit the maximum current drawn (Equation 3.2), This is done so as to
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R4

R3

Figure 3-14 The 741 op-amp.

On the L292 chip the current sensing functions are done away with because the chip
is designed for operating a 2A DC motor, while the motors run on a.BA, thus the chip
is used as a controller to drive external H-bridges (section 3.11.2) which in turn drive
the motors.

3.11.2 Description of the motor control circuit

Six digital signals from the PC 36 are fed to pins c-h (80S Figure 3.15 and Table
3.4). Pins e-g are re"I1onsible for the setting of motor velocity. Pin (c) being the least
signlficMt bit (LSD) while pin (g) the most significant bit. Pin (h) serves to set the
motor direction. Thus a 6 bit digital word sets both speed and direction.
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Thus the output of the L291 had to be tailored to meet these requirements. Thus a
gain o~0,8333 is needed.

Rl

R2

Figure 3-13 Gain of L291

Where the output voltaqe is given by equation 3~1,

Where:

R1 =: Resistance (Ohms)
R2= Resistance (Ohms)
Vo ==Voltage out (Volts)
Vln ==Voltage in (Volts),

Thus to have a gain of 0,8333,
R1==100 KO,
R2::: 120 KQ.

The D/A converter has a resolution of 26 l.e, 32 divisions; thus the voltage resolution
is 0,313 V, Thus the DC drive has a possibility of 32 different velocities,

However the output of the L291 only has voltage swing in the one direction thus a
differential operational amplifier (741) had to be used (Figure 3,14). Th'J
requirements of the operational amplifier was to act as a voltage follower In the one
case and as an inverter with no gain in the second case, Thls is to allow reversing of
the DC motor, The output of the operational amplifier is then fed to pin 6 of the L292,
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3.11.1 Design of the motor control circuit.

The design of the motor control circuit entails the use of an existinq (Jesign
(Appendix F) that was modified to suit the des:igns requirements (Figure 3.15).

The existing design as described in Appendix F section 'Linear Integrated Circuits'
makes use of three monolithic large scale integrated circuit chips, namely, the L290,
L291, L292.

The system in Appendix F was modified as follows:

Speed command for the system originate in the microprocessor (or computer). It is
continuously updated on the motor position by means of pulses from the L290
tachometer chip, which in turn gets its information from the optical encoder, The
function of this chip has been replaced by the pel 833 encoder card together with
the relevant code. The reason for using this card was that the L290 chip uses
sinu!";~idalsignals from the encoder while the encoder outputs digital pulses that are
compatible with the pel 833,
From this basic input, the microprocessor computes a 5 bit control word that sets the
system speed dependant on the distance to travel.

As the target position is approached, the microprocessor lowers the value of the
speed-demand word; this reduces the voltage at the main summing point (pin 6 on
the L292), in effect braking the motor. The braking is applied progressively until the
motor is running at minimum speed,

Thus from the original design only the L291 and L292 chips are used. The L291 chip
has a D/A convertor together with two built in operational amplifiers (Appendix F),
namely, the "ERR. AMP" and the "POS AMP" operational amplifiers. The "ERR.
AMP" is normally used in conlunctlon with the L290 tachometer chip. and thus in this
case was not used. The output of the D/A convertor (pin 12 on the L291) was fed to
pin 15 on the L291 (I.e. the "." of the "POS AMP"), the internal operational amplifier
"POS AMP" was then used to amplify tile D/A convertor signal as follows:

The L291 is a 5 bit D/A converter with built In operational amplifiers. It operates on a
supply voltage of ±12 V, however the L292 accepts voltages of ±10 V as the
command voltage. The variable resistor at pin 9 on the l191 is used to regulate the
offset voltage of the L291.
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The peL 833 is used in these common applications:

• Motion control.
• Position sensing, monitoring and measuring.
• Co-ordinate measuring machines.
• X - Y table monitors.
o Robotics.
• Machine control.

3.11 Description of the control clrcuit:

The philosophy of the control of the DC motors Is based on pulse width modulation
(PWM) techniques. This basically entails pulsing the motor at a certain frequency,
the higher the frequency the faster the motor rotates until a condition is reached
where the frequency assimilates 1:1 continuous signal.

The motor is first pulsed in one direction and then in the opposite direction. Thus
when the two pulses are at equal frequency the motor is stationary. As the frequency
of pulsation In the one direction increases the motor rotates ln that direction. In
layman's terms what this action can be described as is 'three steps forward, one
step back'.

This technlqi,e has an advantage over the conventional technique of varying the
voltage across the motor in that at low speed PWM has good speed control.
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The PC 36 was used to control the velocity of the DC motors and to monitor t'le limit
switches of the SIR machine.

The PCl 833 is a 3-axis quadrature encoder and counter add on card for the IBM
PC/AT and compatibles (ISA bus). This card allows the PC to perform position
monitoring for motion control systems. It provides three 24 bit up/down counters as
quadrature encoders and a 16 MHz oscillator tlmebase with a wide range multiplier.
An on board interrupt controller handles nine different i.rterrupt sources.

Each input includes a decoding circuit for incremental quadrature encoding. Inputs
accept either single ence.. or (ljfferential signals. Quadrature input works with or
without an index, allowing linear or rot .ry encoder feedback.

The peL 833 has three independent 2~ bit counters. The maximum quadrature input
rate is 1 MHz, while the maximum input rate in counter mode is 2.4 MHz. Each
counter can be configured for quadrature decoding, pulse/direction counting or
up/down cL..!.mting.

The PCl 833 provides five digital input channels. The channels accept digital input
as an index input for a rotary encoder or as a home sensor input for a linear
encoder.

The ca.d can generate an interrupt to the system based on a signal from its digital
inputs, overflow/underflow of its counters or on a programmed time interval. It can
generate interrupts at any time interval specified, 0.1 rnsec to 255 sec. These
Interrupts allow the speed of the control system to be monitored precisely.
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3.10 Control cards.

In the design two types of personal computer (PC) cards were used namely the PCl
833 and PC36 for the purpose of control (Appendix C).

The PC36 is a general purpose digital input/ouf it card. It is built around the
industry standard 8255 programmable peripheral interface (PPI) adapter. The 8255
controls 24 lines of digital 110. It is both flexible and powerful when interfacing to
peripheral equipment and can be programmed for almost any 8 bit or 16 bit 110
application. The 8255 can operate in either unidirectional or bi-dlreotional mode, with
or without hardware handshaking.

The PC36 can be used for versatile Interfacing to:

I) Other PC computers, for example another PC with another PC36 installed.
.. Any other computer with an 8 bit Of 16 bit parallel interface.
• Centronics compatible printers and plotters.
• Relays and opto-lsolators.
• Switches of various types.
• Relay boards and industrial 110 mounting racks.
IJ Panel meters, instruments and test equipment which have digital readouts

and controls.
• Sensors, transducers, instruments and test equipment with frequency (pulse)

outputs and controls.

The board plugs into any fully bussed slot of an IBM PC/XT/AT or PS/2 model 2(5or
30 or any compatible ISA or EISA machine, Including 8088,286,386 or 486 based
systems. It occuct-s four consecutive I/O addresses. The base I/O address can be
set in the range Oh to 7F8h with a dual in line package (DIP) switch on the board.
The power supplies +12V,+5V, ~12V,-5V and ground are available on the external
connector of the board.
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The card at base address 390H is responsible for the following functions:

• Control of the X-axis DC drive (labelled 'board l' in the electric panel on the
AS/RS), using port A.

e Control of the pneumatics (labe- ed 'board pi in the electric panel on the AS/RS),
using port C.

It Port B to be used as a communication interface with auxiliary equipment in
future.

The PC generates a series of signals via the PC36 to bet motor speed and direction.
The PC also monitors the status of the micro-switches via the PC36. The encocler
values are decoded by the PCl 833 and fed to the PC which uses these values to
monitor the respective positions of the axes.

o
Encoder

Figure 3~12System overview.
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3.9 Electronic system Overview

The control system consists of a closed loop system as shown in Figure 3.12 where
two PC36 cards were used for the control of the DC motors and the monitoring of
the micro-switches. Each card resides at a specific base address within the
computer's 110 address space, thus allowinq the installation of more than one card
at a time. The two base addresses used by the PC36 cards are 310H and 390H
respectively.
The card has a 37-pin 0 type male connector to communicate with external devices.
The 24 bits of the card are divided into three groups of 8 bits each namely Port A,
Port B, and Port C. Each group can be ·configured for various type of
communication. In this case all the ports or groups have been configured for simple
I/O.

The card at base address 310H is responsible for the following functions:

• Control of the y-axls DC drive (labelled 'board 3' inside the electric panel on the
AS/RS), using port B.

8 Control of the z-axis DC drive (labelled 'board 2' inside the electric panel on the
AS/RS), using port A.

., Monitoring of the digital inputs from the micro-switches (labelled board 'I' in the
electric panel on the AS/RS), using port C.
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The storage area shown in Figure 3.11 is constructed from "handy angles" that allow
the storage facility to be modular and thus changed as more shelves are added to
the facility. Each shelf shown in Figure 3.10 has been machined from 20x640x120
mm plastic plate stock and may hold a maximum of four pallets. There are four such
shelves in the storage area thus giving ::I total storage capacity of sixteen pallets.

Top

Figure 3.10 Shelf.

Figure 3:11 Storage shelves of final design.
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5. TESTS AND ANALYSIS

5.1 ANALYSIS

When fluid energy is transformed into mechanical energy there are two operating
mechanisms to be considered: static and dynamic.

For this design only the static case will be considered due to the relatively low
speeds with which the robot moves.

In the static mode potential energy stored in the fluid wl,en under pressure is used
directly in motors, pistons to produce low speed fluid flow. The force generated by a
linear actuator is given by:

F::: S(Pl- P2) (5-1 )

where:
F = Force (N).
S ::: Surface area (m2

),

Pi ::; Pressure in chamber A 1 (Pa),
P2 ::: Pressure in chamber A2 (Pa),

...."
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vii. The change in reading of the encoder is noted and the value is assigned to the

variable change_x. Change_x is converted from number of pulses to linear
measurement. (Tenths of a rnrn). The variable change_x indicates the difference
in position of its present position as compared to Its previous position, before the
repeat loop was invoked.

viii.The previous value of the encoder is compared with the new value of the
encoder. If there is no change then the motor's minimum speed is increased.

lx. The device's present position is compared to the final destination (dx) and the
difference is assigned to the variable change_dx. Variable change_dx is
converted into linear displacement.

x. The three "if" statements i.e. 'if (change~_dx<10) " 'if (change_dx>-10)' , 'if
(change_dx<10) and change_dx':>-10) I are used to determine whether the motor
should rotate clockwise (ow), or counterclockwise (cow) to reach the final
destination. If the device is within the tolerance specified by the "if" statement,
namely' if (change_dx<1 0) and change_dx>-10) " then the speed is set to zero
and a true flag for the variable 'pos' is set.

xi. If the device finds itself returning to the home position then the device monitors
the micro-switches to determine when the home position is reached.

xii. Once the motors direction has been determined, the procedure will set the
motors velocity depending on its position with respect to its starting point and
final destination.

xiii.The procedure will end once the true flag for 'pos' has been set.

4.7.15 Procedure y_axis.

The procedure operates in the exact same manner as Procedure x_axis.

4.7.16 Procedure x_.axis.

This procedure operates in the same manner as the x_axis and y_axis

4.7.17 Main body of program.

The main body of the program executes each procedure In turn, It starts by resetting
all the variables, and thereafter checks whether the device is at the home position, if
the device is not at the home position it invokes the procedure return home.

The main program is responsible for activating each axis in tum, to extend or retract
the z-axls piston and open and close the gripper,
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4.7.14 Procedure Xaxis.

The control of the x-axls Is performed by this procedure, whereby the motor speed is
determined by the position of the SIR machine along the x-axls, The logic of the
procedure is outlined in the block diagram in Figure 4.2,

, , ,

--

,

,
,

Figure 4·2 Block diagram of Procedure Xaxis

The primary function of the procedure can be outlined as follows:

i. The procedure firstly obtains the value of the rotary encoder,
ll. It assigns the read value to the variable xO.
iii, It then reads the x co-ordinate from the procedure pallet address. It must be

noted that the value of the x co-ordinate is given in tenths of a millimetre,
iv, The value of the x co-ordinate is converted to pulses of the encoder and

assigned to the variable dx, (Note 5 mm = 512 pulses).
v. A repeat loop Is initiated.
vi. The encoder is read again.
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4.7.10 Procedure Get_value

This procedure asslgns the value of channel one of the encoder card to the variable
x1' the channel two value to the variable x2; and the channel three value to x3.
Variables x1, x2, x3 correspond to the x, y, and z axis respectively.

4.7.11 Procedure Show_value.

The display of veloclt;. position and status of its micro-switches is performed by this
procedure.

4.1.12 Procedure Starl.

This procedure resets all the variables to zero.

4.7.13 Procedure Return_home.

The function of procedure Return_home is to ensure that prior to the
commencement of any movement, the axes are at their respective home positions. If
for any reason, any axis is not at the home position the program will then activate a
set of instructions such tilat the axis in question is returned to its home position.
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4,7,5 Procedure Pallet_addrtss

The information contained within the text tiles is assigned to variables so that the
program may be able to interpret the information using this procedure.

4.7.6 Procedure x_motor

This sets the velocity of the x axis motor. Vx is an integer value ranging from 0 to 60.
The range of values 0-30 rotate the motor in the one direction with the value 0
corresponding to no movement while value 30 is the maximum velocity of the motor.
Values 31-60 have the identical characteristics except for the direction of rotation.
Procedure y_motor and zjnotor are for the control of the y-axls and z-axls
respectively.

4.7.7 Procedure change_value

This procedure allows the encoder values to change on the screen without causing
the screen to scroll as the values are displayed.

4.7.8 Procedure Read_rotary

The procedure reads the value of the PCl 833 encoder card and stores the values
within an array called 'Inreg'. The array records the lower byte, middle byte, and high
byte for each of the three channels of the card.

For example to store the tligh byte of channel one in the variable ';nreg[3]" the
following command is invoked:

inreg [3]=Port [200+2]

The command port indicates that its accessing the value stored at the base address
202H (see appendix C for description of base addresses) and assigns it to the array
Inreg at posltlcn 3.

For every 266 increments of the 10vY byte, the middle byte value increments by one
and for every 256 increments of the middle byte the high byte increments by one.

4.7.9 Procedure Set_encoder

Tilis procedure sets the encoder card's three channels to accept quadrature
encoding and resets the channel values to zero. It also configures the card to latch
the values after every count into the register. Tile card Is also configured not to
lockup If the count is too large but to wrap over the old values.
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2700 {x co-ordinate in tenths of a millimetre}
1500 {y co-ordinate in tenths of a millimetre}
1620 {z co-ordinate in tenths of a millimetre}
r {r == retract cylinder, e == extend cylinder}
y {y == close gripper, n == open gripper}

4.7.4 Procedure Pallet_choice.

The function of this procedure is to prompt the user whether the pre-defined
movements of the retrieval of a pallet are required or the step by step method of
retrieving the pallet is required.

If the user wishes to use the automatlc retrieval option, he is then required to e- 1r
the text filename that contains the sequence of movements, The valid fllenams .e
as follows: 11,12,13,14,15,16,17,18,19,110,111,112,113, 114,115, 116,117.

The number of the filename indicate the pallet of interest. Filename 117 indicates the
deposit point of the system, Pallets are assigned as per Figure 4.1

Figure 4-1 Pallet locations (As viewed from gripper).

If the user on the other hand wishes to perform each action in turn then the valid
filenames are preceded by the letter 'P' e.g. 'PG'.
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4.6 'Rotary.pas' Program.

This program is used to monitor only the rotary encoders, and can be used as a
diagnostic tool to position the AS/RS.

4.7 'ASRS14.pas' Program

Tile program 'ASRS14.pas' is the controlling program for the AS/RS written in Turbo
Pascal ver. 6 code. The program is discussed in terms of modular procedures.

4.7.1 Procedure front_page

This procedure presents the introduction of the program on the user screen, giving
the title of program and author's name.

4.7.2 Procedure setup

This sets up the computer interface between the computer and the user, allowll1g
the user to enter the required inputs into the system.

4.7.3 Procedure Automettc cholce.

The procedure Autornatic cholce is responsible for reading the text files that contain
the sequence of Instructions e.g. text file "16"

P6
P6R
P17
P17R
PO

This issues the instruction of first reading text file 'P6' then 'P6R' up to 'PO'.
Each text file in turn contains the relevant instructions in terms of the co-ordinates of
the move, whether the z-axls cylinder is to be extended or retracted and whether the
gripper has to close.
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4. CONTROL SYSTEM SOFTWARE

The controlling program (Appendix B) is written in TURBO PA8CAL ver. 6.0 and is
called 'A8R814.pas'. A number of sub programs were developed as steps towards
the final program. These were written to ensure that each facet of the controlling
algorithm was functioning before the full program waS formulated.

4.1 'LPC36x.pas' program;

To test the function of only the x-axis independent of the encoder readings the
program called 'LPC36X' (Appendix B), is invoked and can be used as a diagnostic
tool to ensure that the axis is functioning correctly.

The program prompts the user for values of '8'. Values 0-30 increase the motor
velocity from zero to maximum rotation in the one direction. While values 31-60
increase the motor velocity from zero to maximum velocity in the opposite direction.

4.2 'LPC36y.pas' Program.

A diagnostic program similar in function to the one for the x-axis.

4.3 'LPC36z.pas' Program.

A diagnostic program for the z-axis which is identical in function to the programs
listed for the x and y axis.

4.4 'Linput.pes' Program.

This program can be used to display, the binary value of the input port as the micro-
switches are activated,

4.5 'Air.pes' Program.

This program is used to demonstrate the function of the solenoids as described
below:

The user is prompted for an integer value of s.
The corresponding actions are as follows:
• 8=0 then the z-axis will retract and the gripper will open.
" 8=1 then the z-axls will extend and the gripper will close.
• 8=2 then the z-axls pneumatic cylinder will retract and the gripper will close.
• 8=3 the z-axls pneumatic cylinder will extend and the gripper will open.
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The reason that rotary encoders were used instead of other displacement sensors,
was that the rotary encoders lend themselves to more accurate positioning. This is
due to the fact that a specific number of turns corresponds to a certain
displacement. By making use of a rack and pinion arrangement, rotary encoders
can be made to measure linear displacement, assuming negligible backlash in the
gears.

The three rotary encoders are I,.;onnectedto a computer-based quadrature encoder
and counting card (pel 833). .he card has three independent channels, supporting
simultaneous reading of three rotary encoders. The card also has the ability to
double or multiply by a factor of four, the amount of pulses of the rotary encoder.
The card achieves this by counting the two channels of the rotary encoder, i.e. the
counter will increment (or decrement) whenever a rising or falling edge occurs on
input channel A, or B.
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3.14 Pneumatic solenoids

The pneumatic solenoids are activated via the output port C of the PC36 at the base
address 3901-1.Two digital outputs are used to activate the relays (D32A211 0) which
in turn activate the solenoid valves for the pneumatics. Figure : .18 illustrates the
driver used to activate each of the solenoid valves.

r- ----~--t
1
1 .:

I
OlGlfAI. I!\1TPU
PORT C m PC 'jc,

Figure 3~18Diagram of solenoid driver.

3.15 Rotary Encoders.

Three HEDS-5500 rotary encoders were used (Appendix F). These rotary encoders
serve as position sensors, i.e. they indicate the relative position of the robot arm.
The encoders used have the following specifications:

• Five hundred and twelve pulses per revolution.
II Bi-dlrectional.

The encoder contains a lensed light emitting diode (LED) light source, an integrated
circuit (Ie) with detectors and output circuitry, and a code wheel which rotates
between the emitter and detector IG. The outputs of the encoder are two square
waves in quadrature. The collirnated light and special photodetector conflquratlcn
allow for high resolution and excellent encoding performance as well as increased
long life reliability. The encoder may be quickly and easily mounted onto a motor. No
mechanical or electrical adjustments are required.
The two channel digital outputs and the single 5V input supply eire accessed through
the pinout at the back of the encoder.
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3.13 Micro-switches

The micro switches shown in Figure 3.17 were connected as follows:

Figure 3-17 Micro-switch

Each of the common pins is connected to a pin of the PC 36's port C located at the
base address 31OH. The limit switches are used as the home sensing position of the
device as well as end sensors if the maximum travel of any of the axis has been
breached. Each micro-switch when activated increases the binary value of port C
(Table 3-5).

Table 3-5 Binary values when switch is activated.

DESCRIPTION VALUE Pin
37 pin con.

The micro-switch located at the x-axls home 16 Pin 24
position
The micro-switch located at the extreme end of the 32 Pin 25
x-axis
The micro-switch located at the y-axls home 64 Pin 26
position
The micro-switch located at the extreme end of the 4 Pin 21
y-axls
The micro-switch located at the z-axis home 8 Pin 20
_I)_Qsition
The micro-switch located at the extreme end of the 2 Pin 22
z-axls
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3.12 Power Supplies

Four main power supply units were used:

• The computer's power supply.
• A 1 kVV50V DC power supply.
• A 100 watt 24V DC power supply.
• A variable DC power supply.

The +12V,-12V and +5V power railings on the PC were used to supply the DC
voltage requirements for the motor drives and the rotary encoders power
requirements.

The 50V power supply was used to power the x axis and y axis motors, while the
100 Watt, 24V DC power supply was used to power the z ~xi~imotor.

The variable voltage power supply was set at 24V and used to power the L292 chip
on all the DC drives, the solenoid valves for the pneumatics and the cooling fan.

\
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Condition of test.
Travel distance of x-axls : 450 mm
Loading condition : unloaded.

"I" bl 53 X d' 450r a .9 M -axis rea mg mIT!
Reading Clock Encoder Value

reading (mm) (mm)
1 2.83 449.47
2 2.25 449.15
3 4.45 450.071-.
4 2.33 449.131-.
5 2.21 448.86

'_'

? 4.5 450.22
7 4.76 450.48
8 2.7 449.59
9 3.96 449.73

'10 2.11 449.06
11 3.77 449.05
12 2.23 449.19
13 2.35 449.13
14 2.25 449.13
15 3.65 449.05

1---"
'16 449.482.59

1--
17 3.42 449.45
18 2.3 448.99-,
19 3.63 449.06

1--
20 3.53 449.31

avg. 3.09 449.38
variance 0.77 0.19
std deviation 0.88 0.44
accuracy 2.66 1.33
'--



Condition of test.
Travel distance of x-axls : 300 mm
Loading condition : unloaded.
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T bl 52 X d' 300a e - -axIs rea Ings mm
Reading Clock Encoder value

reading (mm) (mm)
1 1.31 ~~;:~;2 1.45
3 1.62 299.25
4 1.52 299.07
5 1.78 299A9
6 ~ 05 299.04
7 3.22 300.05
8 1.52 298.99
9 1.37 299.20
10 3.72 299.66
11 0.98 298.89
12 1.1 299.39
13 1.21 299.14
14 0.95 299.27
15 1.72 299.13
16 1.18 299.45c--._
17 4.55 300.67

,--,-

18 1.8 299.20- 19 2.84 299.26-- 20 0.65 299.34

-avg. 1.88 299.34
variance 1.08 0.16
std 1.04 0.40
deviation
accuracy 3.12 1.22



Testing of the X axis.

Testing of the x axis was carried out as follows:

Four distances were chosen t.e. 150 rnrn, 300 mrn, 450 rnm, 600 rnrn for testing.
The axis was then moved from the home position to these respective distances and
discrepancies were noted by the dial gauge. The encoder value was also noted. No
load was used as the impact on the readings would be negligible in the absence of
gravity.

Condition of test.
Travel distance of x-axls : 150 mm
Loading condition : unloaded.
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Table 5"1 X..axis readlncs. 150 mrn
Reading clock Encoder

reading (mrn) Value
(mm)

1 1.55 149.35
2 3,55 149.42
3 1.61 149,26
4 1,89 149.52
5 2,18 149.45
6 1.65 149.28
7 1,54 148,99- 8 2.67 150,29-9 2,05 149,63

10 1.75 149.11
11 1.75 149.18
'12 3,95 150,16
13 3.6 150.15
'14 1.75 149.02
15 3.05 149.63
16 1.59 149,17
17 1.76 149.16
18 2.73 149.24

f--
19 1.73 149.34

"
20 1,82 149.25

avg. 2.21 149.40
variance 0.59 0.14
std deviation 0.77 0.38
accur'!ey 2.31 1.15



Each axis was tested in turn using different travel distances,
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To determine the accuracy of the different axis the following equation is used:

CRaccuracy = - + 30-
2

Where:

CR = control resolution (in this case 0,00977 mm)
a = std. dev. of mechanical error, (mm)

To determine the repeatability of the differ~;lt axis the following equation is used:

Repeatability = 6a (5-11)

.'



5.2 TeSTS
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The method to test the accuracy and repeatability of the AS/RS was carded 0: t as
follows:

i. An axis was chosen; either X, Y, or Z axis
ii. A dial gauge was placed at either point 'A' (x axis), '8' (Y axis), or 'C' (2 axis)

depending on the axis being tested at a certain distance from the home position
(Figure 5~6).

iii. The device was then moved to the point (with the gripper retracted), and the co-
ordinates were noted.

iv. The value of the dial gauge was recorded,
I" The device was returned to the home position.

:; ,
_.. :, h
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Figure 5~6Test points on axis
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Thus 1= 1t(12x'IO'3+ 12X10·3+ 16x10·3)4/64
= 1,256637x1 0.7
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and the following data is given,

F = 3600 N
r = 0,68 m
E = 200x109 Pa
I = 1,256637x1 0.7 m"

Thus

Ymax = (3600XO,683)/(3X200x1 09x1 ,256637x1 0.7)
= 15 mm

This deflection is far too great for use in practice, where a deflection of no greater
than 2 mm is required,

However in practice the maximum load lifted is : 20 N
Using equation 5,8 the amount of deflection would be :

Ymax :; (20 x 0,683)/(3y.200x1 09x1 ,256637x1 0.7)
= 0,08 mm

For the z-axls an 84 Watt motor rotating at 1400 rpm was used,

Thus T = 0,57 N,m
and F:; 0,65 KN

These motors are obviously over-deslpned to drive the x, y and z axis where the
maximum load that consists of lifting the z-axls together with the gripper assembly,
having a maximum weight of 100 N.

The reason for the over-deslpn was that the motors were available and thus were
used In terms of their low cost rather than meeting the exact design needs,



Thus the maximum driving force is given as
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F ::: (3.18)(2000)(1t)(O.9)/5
= 3.6 KN

However this is an unrealistic value as the amount of deflection is not considered:

Equation 5-8 provides the expression for the deflection of a cantilever load.
FI)

)lmnx = - 3EI (5-8)

Where:

Ymax = Max. deflection (rn)
F = Force (N)
t = Distance (rn)
E = Elastic modulus (Pa)
I = Second moment of area (rn")

Figure 5-5 Cross section of Z-axis

To determine the amount of deflection of the Z-axis equation 5-8 is used.
The Z··axis consists of three rods (cross section shown in Figure 5.5) whose second
moment of area is given as follows:

nd'!::::.-- (5-9)
64

Where d= equivalent cross section diameter (m)
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Calculation of the encoder resolution is given below.

The rotary encoders produce 512 pulses per revolution.
The ball screw has a pitch of 5 rnrn,

Thus each pulse corresponds to 0,00977 rnrn of linear travel.

Calculation of systems lifting ability.

The motors used were 50 V 8.8 A DC permanent magnet motors,

The motors power rating is given as : 440 Watts

The formula that relates rotational speed, torque and power is given as :

T= 60H
2ml

(5-6)

where H :: power (Watts),
T:: torque (Nrn).
n = speed (rpm:

At 50 V the rated speed of the motor is 1320 rpm

Thus the output torque is given as :

T = (60)440/(2rc1320)
= 3.18 Nrn

The motor is used to drive a ballscrew with a lead of 5 mm.

Thus to determine the maximum driving force of the x-axls, and y-axis equation 5.7
(refer to Appendix D) is used.

T x 2000 x n- x 17F =------..!..
P

Where F = Operating load (N).
11 = Mechanical efficiency (approx. 0,9).
P = Lead (mm)
T = torque (N.m)

(5-7)
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Then taking moments about point A (refer to Figures 5.2 and 5.4) the grasping force
of the gripper can be determined. Only the static case is considered.

where

MA:: Moment about point A (N.m)
Fb1::: Force due to member bi (N).
Rb1::: Perpendicular distance of bi to point A (m)
Fgraspforce:::Reaction force (N).
Rgraspforce:::Perpendicular distance of reaction force to point A (m).

To obtain Fgrospforce, equation 5.5 is rearranged as :

From Figure 5.3 the following data is taken:

Rb1::: 0.0075xCos(23) ::: 0.007 m
Rgraspforce:::0.030 m
Fb1::: 21.6 N

thus Fgraspforce:::5 N

However 5 N only represents half the grip force, and due to symmetry the full grip
force is 10 N
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To determine the gripping force of the gripper, only the case where the pneumatic
cylinder is extendinq needs to be considered i.e. F= 47N,

Figure 5-3 Triangle of forces

Taking the equll'bium case of the two members b1 and b2 together with the piston
force it can be seen from symmetry (refer to Figure 5.2) that the forces in the
members b1 and b2 are (refer to 5.3):

Fb1 = 47/2 Cos. 23°.
Thus Fbl = 21.6 N

Figure 5-4 Free body diagram

.'



And the differential pressure P is given as :
P= P1-P2

thus p= 600 KPa
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And using equation 5-2 the resultant force on the piston is :

F = 7 .85x1 0'5(600x1 03)
::::47 N

Now when chamber A2 is pressurised to 700 KPa absolute pressure and chamber
A 1 is at atmospheric pressure the retracting force of the piston is as follows:

P=100-700
F-'=-600 KPa.

and

S = ff(_dl_2_~_d2_2)
S = 3.1415(0.000016)
S = 5.0365x10·5 m2

(5-4)

Using equation 5-2 the force is given as :

F=-600x1 03x5.0365x1 0.5

F= -30 N (i.e. in the opposite direction)

~ (l' i (l

... \

\ I, .'

,
1·'(1! 'I ., I, II it Iii 1-)],<1','1 t l

Figure 5·-2 Forces acting on gripper.



F = PS
where:

F = Force (N)
P = Differential pressure (P1-P2) (Pa)
S = Area (m2

)

(5-2)

________________________________________ ~P~a=,e77

5.1.1 Calculations

To determine the gripping force the following analysis was carried out:
Using equation 5-1 and letting the differential pressure of chamber 'Al' and 'A2' be
given as 'P' , thus equation 5-1 becomes:

Figure 5-1 Linear cylinder.

Using the general equation 5-2 the force available when chamber Ai is pressurised
is given as follows:

Given data:

d1 = Diameter of pneumatic cylinder (o of chamber Ai). Given as '10 mm,
d2 = Diameter of rod. G;ven as 6 mrn.
Pi = Pressure in chamber At. Given as 700 KPa absolute p.,..ssure.
P2 = Pressure in chamber A2. Given as 100 KPa absolute pressure

The surface area of the piston in chamber A 1 is given as :

( dl)2
S = nl2
S'':: 3.1415x(O.005)2
S= 7.85x10·5 m2

(5-3)
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Thus for the design the following nata is given:

Horizontal travel speed
Vertical travel speed
Z~axis (shuttle)

55 mm/sec (operating at 660 rpm)
: 55 rum/sec (operating at 660 rpu..
117 mrn/sec (operating at 1400 rpm)

Distance between one pallet and the next one ; 150 mm
Distance between one shelf and the next one : 150 mm
Number of pallets per shelf : 4 pallets.

Thus using equations 5.9 and 5.10.

Hs:: 160(4) = 640 rnrn
Ls = 160(4) = 640 mm

and using equations 5.11 and 5.12

th= 640/65 :: 11.6 sec.
tv = 640/55 = 11.6 sec.

And using equation 5.16

T = 23.2 sec.

Thus using equation 5.17

Tavg = 23.2(1.3333}+2(2}.

= 34.9 sec



Page 99
Using these travel times and assuming simultaneous movement in two axes, the
following parameters are defined :

T = maX(/II ,t,,)
(5-5)

. (III 1\,)
Q = 111111 T'T (5-6)

Where:

T:::: longest travel tlme.ts)
Q = Ratio of axis travel time with respect to T.

The average time to perform a pick operation is given by equation 5.15 (Bozer
1984).

1'.""1 == {~2+ 1)+ 21'"" (5-7)

Where:

Tpd::::Time of shuttle to perform a pickup and deposit.

However in this case the x, and y axis are activated one at a time and thus the total
time taken will be the combination of the. .iorlzontal and vertloal travel times.

(5-8)

and the ratio Q =1;

Thus equation 5.15 reduces to

T' - J'(l J. 1).L ., T'''''11 - 3 -, ,-.. I,d (5-9)
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The actual performance of the AS/RS was compared to theoretical performance and
conclusions were drawn from these observations.

The capacity of the storage shelf is defined by equation 5-8.

Capacity = NvxNI1 (5-8)

where:

N, = Number of load compartments arranged vertically.
Nh = Number of compartments arranged horizontally.

The horizontal and vertical travel lengths are defined by equations 5.9 and 5.10.

Hs = Nv(y+10 mrn clearance)
Ls= Nh(x+10 mrn clearance)

Where:

Hs = Height travel length (rnrn).
y = Distance between vertical compartments (rnrn).
Ls= Length travel of the AS/RS (rnrn),
x = Distance between compartments along the length (111m).

The time to travel the full length of the horizontal travel is given by equation 5.11.
L,("=V (6-'11)
"

Where:

Vh = Velocity of the X axis (mm/s).

The time to travel the full length of the vertical axis is given as :

}f
( ::: •....l.
.. V•. (5·4)

Where:

Vv = Velocity of the y axis (mm/s).



Page 97

X AXIS
.3.6
.3.4

";;' 3.3
!;; 3.2E 3.1
...... 3
>. 2.9o 2.8
CI1 2.7
... 2.6
::J 2.5:3 2.4 i~ ~:!.I---O-' ............__ ....;_.._. _j__,~.__~.._J

150

+
!
+

200 250 300 350 400 460 500 550 600

Distance (rom) • accuracy

Figure 5-7 Accuracy of X Axis
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Figure 5·8 Accuracy of Y Axis

These results compare favourably with the accuracies cited in Table 5·11 by Kulwlec
(1985).

Tabla 5..12 Accuracies of various interfaces.~. .
Interface Accura~yjmm)_
Manualload/unload =1: 76
Conveyor/AGVs interface (automatic) ::[:25
AS/RS load/unloadIeutomatlc) :1:6 ---Machine Tool interface (automatic) ± 0.25.,&~
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T hi 510 E da e - enco er va ues vs. POSIIon
X-axls Y-axis z-axls

Distance Encoder Encoder Encoder
(rnm) (mrn) (111m) (mm)_
150 149.55 149.44 --160 - - '159.51

~. 299.64 299.45 -
450 449.83 449.65 -
600 61)0 - -
Table 5-1'I Accuracy and repeatability results.

X.AJ:IS mXIS_r-~l1load loaded unload Z·AXIS
Accur, Repeat. Std. deY. ,,"ccur. Maul'. Repeat Std Accur, Repeat
(mm) (111m) (mm) Irnm) (mm) (mm) dey, (111m) (mm)

--;:;-;;';"'-
Imm)

..kU-,_ 1-~"2 0,89 2.71 1.85 5.34 · · ·1-

2,27 6.82 13.62
'-iT2-

. . .
6.24 0.75 2.25 0,76 4.5 · · ·'-r:i36 5..28 0.61 2.22 1.38 3.66 · · ·

, 30b 6.~6 . . . . · I· ·
----1..::,;9 5.83 0,75 2.39 1,33 4,5 2,27 I 6.82 13.62

The accuracy of the device is taken in the X-Y plane where the most critical
positioning is required l.e. :

Figures 6.7 and 5,8 show accuracy deviations of the position of the x axis and y axls
respectlvely. The error fluctuates between 2.3 rnrn and 3.1 mm for the x axis with no
apparent linearity with respect to distance moved, The main reason Is due to the
variance of the home position as discussed In 5.3.1 and 5,3,.~. The y axis fluctuates
between 0.7 mm and 2,7 rnm.
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5.3 RESULTS

The results of each axis is discussed in turn.

5.3.1 X Axis

The x-axls encoder readlnos were consistent through the different positions, with
little deviation between encoder reading and actual distance moved. Discrepancy
within the positioning ofthe x-axis is a result of the error band of the homing micro-
switch.

5.3.2 Y Axis
The Y-axis encoder readings were consistent through the different positions, with
little deviation between encoder reading and actual distance moved. Discrepancy
within the positioning of the Y-axts is a result of the error band of the homing rnlcro-
switch. The improvement In position accuracy with the load is a result that the load
acted as a damping force in the vertical movement.

5.3.3 Z Axis
The large discrepancy between distance moved and actual position can be
attributed to two main factors mainly , the high travel speed of the Z axis thus
difficulty is experienced in stopping the z axis at the roqutred position and the error
band of the micro switch. Th speed can be better controlled by using a lower supply
voltage to the z axis motor, using step down gears or replacing the DC motor with a
stepper motor.



Testing of deflection of the Z axis
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The device was then tested for amount of deflection of the Z axis under different
loading conditions and compared to the theoretical values derived from equation
5.8. The test was conducted with the following parameters:

Distance of x-axls : 0 mm (To minimise the influence of the X axis members)
Distance of Y-axls : 450 mm
Distance of Z-axis :160 mm
Distance of Weight from y-axls centre line: 680 mm
Dial gauge placed at gripper end.

Table 5-9 Deflectlors

Weight Deflection Theoretlcal
(N) (mm) (mrn)
0 0 0
2.45 0.3 0.01
4.90 0.57 0.02
7.36 0.87 0.03
9.81 1.17 0.04
12.26 1.73 0.05
14.72 2.19 0.06
17.17 2.33 0.07 --19.62 2.75 0.08

The discrepancy of the readings between actual and theoretical can be attributed to
the following reasons:

• Assumption made that the AS/RS is a rigid cantilever structure.
" Play in the linear bearings.
e Flexibility between bolted components.
• Deflection of the Y-axls.

Thus a realistic lifting capacity of 20 N is achieved
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Testing of the Z axis.

Tasting of the Z axis was carried out as follows:

One distance was chosen l.e, 160 mrn for testing. Only one distance was chosen
due to the short travel lenqth of the Z axis. The axis was then moved from the home
position to the respective distance and discrepancies were noted by the dial gauge.
The encoder value was also noted. No load was used as the impact on the readings
would be negligible in the absence of gravity.

Condition of test.
Travel dlstanoe of z-axls
T bl 58 Z I dl

: 160 mm
a e " -ax s rea 109

Reading Clock (rnm) Encoder (mm) Reading Clock (mm) Encoder (mm)
1 5.00 160.55 18 7.04 160.09
2 2.20 156.23 19 6.154 162.26
3 2.60 155.52 20 9.(31 163.93
4 4.80 159.62 21 3.00 158.80
6 4.38 167.41 22 6.75 157.58
6 5.23 160.77 23 3:j 'J 159.13
7 4.08 159.76 24 4.85 159.69
8 3.41 159.11 25 5.25 157.10
9 2.50 157.43 26 2.40 155.65

10 2.20 158.13 27 678 162.57
11 3.42 159.15 28 8.10 163.86
12 6.88 162.73 29 5.78 159.36

. 13 10.22 162.01 30 3.10 159.04
[ 14 3.95 159.70 31 3.05 157.72

15 2.54 155.68 32 6.15 157.82
16 8.20 162.54 33 1.06 160.60
17 2.30 156.83 34 6.29 162.53.

avg. 4.68 159.34
variance 5.15 5.8'1
std 2.28 2.41
deviation
accuracy 6.82 7.23



Condition of test.
Travel distance of y-axis : 450 111m
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T bl 57 Y . d' 50a e - -axis rea Ing 4 mm
Unloaded Loaded 1 kg

Reading Clock Encoder Clock Encoder
reading value reading value
I(mm) I(mm) I(mm) '(mill)

1 2.18 449.24 2 449.13
2 1.92 448.85 2.75 449.54
:3 2.7 449.39 2.65 449.3Q
4 ;,:,.85 4.11'\83 2.15 448.~ I

i51-~ "'2.01 448.86 2.28 448.93
t3 1.52 448.74 3.18 449:7"6
~7 0.8 449.26 3.32 449.03
8 0.36 448.99 2.65 449.21
H 0.75 449.22 2.15 448.89

10 1.21 449.48 2.98 449.23
11 0.52 448.90
12 0.77 449.16
13 0.56 448.98
14 0.41 449.00
15 0.95 449.30
16 0.89 449.20

1-' -
17 0.95 449.18
18 1.08 449.29
19 1.08 448.87
20 1.7 449.09

avg. 1.26 449.09 2.61 449.19
variance 0.61 0.04 0.37 0.08
std 0.74 0.21 0.46 0.29
deviation
accuracy 2.22 0.63 1.38 0.88

,



Condition of test.
Travel distance of y-axis : 300 mm
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T bl 1: 6 Y d' 300a e 0- -axrs rea. InQ mm
Unloaded Loaded 1 kg

Reading Clock Encoder Clock Encod~)r
reading value reading value
I(mm) I(mm) I(mm) I(mm)

1 3.92 298.87 5.05 299.07
2 3.71 299.21 5.48 299.09
3 4.18 299.51 5.2 299.07
4 4.1

--'--
299.43 5.3 299.07

5 4.22 299.66 5.57 ~:~:~~6 4.13 298.78 5.05
7 5.08 299.44 5.22 298.97
8 4.73 300.21 4.91 299.00
9 4.6 299.09 5.65 299.38

10 5.33 299.21 5.51 299.65
11 5.42 299.43
12 5.6 299.33
13 5.91 299.43
14 5.4 299.20
15 5.31 299.36
16 6.18 299.84
17 5.43 299.19
18 5.31 299.15
19 5.9 299.45
20 5.69 299.51

avg. 5.02 299.36 5.29 29915
-",.,

variance 0.56 0.10 0.21 0.04
std 0.75 0.32 0.25 0.21
deviation
accuracy 2.25 0.95 0.76 0.63



Testing of the Y axis.
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Test:"g of the Y axis was carried out as follows:

Three distances were chosen i.e. 150 rnrn, 300 rnrn, 450 rnrn for testing. The axis
was then moved from the home position to these respective distances and
discrepancies were noted by the dial gauge. :;)8 encoder value was also noted. A 1
Kg load was used as the impact on the readings would be significant in the
presence of gravity. Only ten tests were carried out as there was an improvement in
performance in the loaded condition.

Condition of test.
Travel distance of y-axls : 150 rnm.

T bl 55 Y dl 150a e - -axis rea mg mm
Unloaded Loaded 1 kg

Reading Clock Encoder Clock Encoder
reading value reading value
i(mm) i(mm) (mm) (mm)

1 2.85 '149.32 0.78 148.96
2 1.87 149.04 0.79 149.45
3 2.1 149.04 0.43 149.01
4 2.5 149.48 0.96 149.45
5 2.87 149.72 1.21 149.38
6 2.61 149.18 0.8 149.26
7 2.84 149.58 1.05 148.95
8 2.25 149.28 1.3 '149.35
9 2.23 149.13 2.25 149.52
10 2.36 148.98 2.25 149.56
11 2.62 149.03
12 2.87 149.36
13 3.3 '149.57
14 3.78 149.52
15 4.28 149.80
16 4.62 150.07
17 4.08 149.27
18 4.50 149,88
19 4.7 148.98
20 2.87 150:19

avg. 3.31 143.42 1.18 149.29
variance 0.79 0.14 0.37 0.06
std 0.89 0.37 0.61 0.24
deviation.
accuracy 2.71 1.10 1.85 0.71

I·
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Condition of test.
Travel distance of x-axis : 600 mm
Loading condition : unloaded.

T bl 54X d' 600a e . -axrs rea Ing mm
Re?ding Clock Encoder Value

reading (mm) (mml
1 4.22 600.08
2 4.24 600.05
3 3.21 598.73
4 1.97 599.04
5 2.14 599.22
6 2,22 599.30
7 2.03 598.99.
B 1.87 598.81i

9 3.78 599.85
10 3.66 599.43
11 2 598.85
12 4.2 600.21
13 2 598.99
14 3.31 599.25

-' 15 4.97 601.02
16 2.04 598.98
17 3.82 599.88
18 2.02 598.90
19 2.26 599.19
20 2.31 599.09

avg. 2.91 599.39
variance 1.12 0.36
std deviation 1.06 0.60
accuracy 3.05 1.80



l---
1
'i-;

40-~r
IL

~s •.-J
---317--

32.:r------J.!
-475

81--------------~_1
------

ASR$-OG



~L~~UlL I I-

0

t UI .C,= If')

I '"
I I I 1 I

I

L J I.
I I

150 110 I-I

SIGNED I DATE SCALE DRAWING Nc.:

TITLE:Pallet



LB1

!l()

~.+1
ruru

40±,05

l()

..,..._-l--H-'--H(.g:)JI J~

I~5~:I~':'05

LB2

If)
o
+iru
ru

If)
o
+i
(]'.
.-t

l()
o
+i

,';'_-j--.J r--t ~
I'f

LB3

I.(.)
o
o
+
to
C\2
'So

f

TITLE:
Dro.wlng Ot Ioeo.rlng housings l_Bll LB21 LB3,

I -- No.:SIGNED DATE SCALE DRAWING
DRAWN L,F Corsaro I JAN fJ5
MATERIAL MILD STEIDL QUANTrfY ASRS-04
PROJElC1'ION ~.-@-.

, . ..,."_,",,,

~,,,, " , , , .. ", ,,'., J."", , '... ,""" ......



- ...., !--5±,05
'-----r"

±,05

¢30
~----

1.6 three of on pen 2Q,<;l±Q,05

E1 Two rb5,5 on PCD 50±,05

TITLE: Dro. wing of' po.r t El & Plnl
SIGNED OATE SCALE ORAWING No.:

DRAWN L.1i' Corsaro
MATERIAL _-=.,.--:~ __ I OUANTITY· AS R S - Q 3
:pROJECTION, =--G'-~:-:-..



C3

M5X20 DEEP

'1

(1)6

neuno+lc cylinder & po.rt Cl

~
/

V'

50
130 •

C1

4 M5 on peD 2L
4 (1)5 I-IDLES ON 21 pcn ~L ~i0

+~o~w
" III

ChaMfer 5x5

2 C4

180
ChaMfer 5x2,5MI"I



4

CYLI~

4

SCALE DRAWINC No,:

Cl

DATE
T'TLE:ASSEMBLY DRA 'WING OF GRIPPER CARRIER

DRAWN
~~~T~mR-I~--~~~~-----+~QU~A~NT=I~~ ASRS-02A
PROJECTION



Roto.ry enc:oc(ers
Tr Housings (ED

=
-==1-

L-32o-__j
!J

--=

X-o.XIS

storo.ge o.reo.

--160- !
T-

Z-o.XIS

Ii. .r

I
- '~--~il .=l-_-

..;F-9.- DC Moto r

I
SIc(e view

1--' -'67G--------------i

/

-1k----~.-------:lOOO---;=:=.:======:LI---------I
Front view

AS/RS Assembly Drawing
r==--f--"SI"",ON""E0'-l--"C.,,_ATt::..-j SCALE IORAWI,NGNo.1
ORA"IN t.r ec....,.. JAIl D~



Table A1 Index of drawings

Family of parts Name of drawing Drawing No . .-
GENERAL Assembly drawing of AS/RS ASRS·01

Assembly drawing of gripper ASRS-02A
carrier.
Drawing of parts C1,C2,C3,C4, ASRS-02B
C5.
Drawing u' part Ei & Pin 1 ASRS-03
Drawing of bearing housings ASRS-04
LSi, LB2, LB3
Paliet ASRS-05
Drawing of paltet holder (shelf) ASRS-06
Drawing' of general parts of ASRS-07
A8/RS
Drawing of supporting structure. ASRS-08

GRIPPER Assembly drawing of gripper ASRS-i2
Drawing of parts G1, G2, G8. ASRS-09

.~

Drawing of parts G3,G4,G5,G7 ASRS-10
Drawing of parts G6B, G6A. ASRS-1i

x-AXIS Assembly drawing of the x-axls ASRS-14
Drawing of Bx ballscrew ASRS-13
Drawing of part XH 1 ASRS-15
Drawing of part XN1 ASRS-16
Drawing of prt XS1 ASRS-i7
Drawing of part XS2 ASRS-18
Drawing of part XT1 ASRS-i9

Y.AXIS Assembly drawing of the Y-axls. ASRS-22
Drawing of ballscrew By ASRS-20
Drawing of part Yi ASRS-21
Drawing of part YN1 ASRS ..23
Drawing of part YS 1 ASRS-24
Drawing of part YSi' ASRS-25
Assembly drawing of part Yt & ASRS-26
part YS2

Z-AXIS Assembly drawing of z-axls, ASRS-28
Drawing of baliscrew Bz ASRS·27
Drawing of part ZH 1 ASRS-29
Drawing of part ZN1 ASRS·30
Drawing of part ZSi ASRS-31
Drawing of part ZS2 ASRS-32
Drawll1lg of part ZT1 ASRS-33
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6. CONCLUSION AND RECOMMENDATIONS

6.1 Summary and Conclusion

In conclusion the design was accomplished using low cost automation that was
within the budget constraints. The AS/RS is fully autonomous and controlled using a
personal computer with a facility to communicate with the other material handling
devices of the FMC. The AS/RS was constructed at a cost of R10865 using a
combination of DC motors, ballscrews and pneumatics. The AS/RS has a storage
matrix of sixteen pallets with a retrieval time comparable to other material handling
devices of the FMC. The AS/RS is sufficiently flexible to allow future improvements,
such as increasing the storage matrix, generating managerial reports, using
scheduling rules such as first in first out, shortest operating time, and due date. The
software has been developed to allow automatic functioning of the AS/RS as well as
allowing a user friendly interface.

The AS/RS has the following speclflcatlons :

Table 6-1 Summary
Value Units

Accuracy 3.67 mm
Repeatability_ 7.2 mm
Resolution 0.00977 mm
Average_pick & place time 41.6 s
Lifting capacity 20 N'.Gripping force 10 N

6.2 Recommendations for Future Work

The design can be extended as follows:

• Replace the DC motors with stepper motors, having similar torque and speed
characteristics to provide finer control. This is feasible only if the motors obtained
have the same cost and performance characteristics as the DC motors.

• Use seeder blocks in the ballscrew support housings to absorb any vibrations
generated by the axis, especially the y-axls,

• Incorporate scheduling rules for despatching the pallets.
" Incorporate a bar coding system fu' the pallet identification.
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The data obtained in real time of the sequence of operation of picking the pallet and
placing it into a buffer storage area is tabulated in Table 5-13.
Table 5-13 Pick and place times.

Pallet number lirne (5)
1 38-
2 39
3 38
4 37
r-::--' 405
6 42
7 40
8 lt3
9 44
10 41
11 42
12 43
13 45
14 44
15 46
16 43

Total Time 665
Mean time
Standard deviation (0')

:41.6 sec
: 2.7 sec

Thus the longest time of the pallet pick and deposit is : 46 seconds.

The deviation between the times observed and the time .iredlcted can be attributed
to the acceleration and de-acceleration of the respective axis. Due to the nature in
terms of the size of the structure, the accelerations play an important role in
determining the time of operation.

Table 5-14 Summary of results
Value Units

Accuracy 3.67 mm
Repeatability 7.2 mm
Resolution 0.00977 mm
Average pick & place time 41.6 s
Liftin~ 9_apacity 20 N-lQr:ieBing force 10 N
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Procedure Set_Encoder;

Begin
x1:=O;
x2:=0;
x3:=0;
Port[base+O]:=$1 ;
Port[base+11:=$1 ;
Port[base+2]:=$1 ;
POll[base+3]:=$0;
POlt[base+4):=$0;
Port[base+5):=$0;
Port[base+6):=$7;
Port(base+ 7J:=$7;
Port(base+8J:=$2;

End;

procedure GET_value;

begin
xi := Inreg[3J*6c 536+lnreg[21*266+lnreg[1 J:
x2 := Inreg[6J*65536+lnreg[5J*256+lnreg[4J:
X3 := Inre9[9]'65536+lnreg[8J*256+lnreg(7];
END;

PROCEDURE SHOW_ VALUE;

BEGIN
change_value(10, 11, 15,x1);
change_value(1 0, 12, 15,X2);
ch€mge_value('1 0,13, 15,X3):
end;

begin
clrscr:
Inreg[1]:=O;
Inreg[2]:=0;
Inreg[3]:=0;
Inreg[4]"=0;
Inreg[5j:"'O;
Inreg[6]:=O'
Inreg[7]:=0:
Inreg[8]:=0;
Inreg(9J:=0;
x1:=O;
><2:=0;
x3:",:0;
SET_ENCODER;
DELAY('IOOO);
set_encoder;
repeat

begin
read_rotary;
get_v'llue;
show_value;
end;

until keypressed:

end.



PROGRAM Rotary (lnput.outpuf];

USES dos,crt;

var
Inreg
x1,x2,x3

:array['1 ..16] of longlnt;
: longlnt;

const

base = $200;

PROCEDURE: Change_ Value (xx,
yy,
box width: INTEGER;
value: REAL);

VAR
digits: INTEGER;

BEGIN
Gotoxy (xx+1,yy+2);
WRITE (' ':bOX_wldth·2);
IF (ABS(value) <: 5E·3)
THEN
dlglts.= 0

ELSE
dlglts:= TRUNC (LN(ABS(value))/LN(10)) + 1;

Gotoxy (xx+((box_wldth-(dlglts+3)) DIV 2), yy+2);
WRITE (value:(dlgits+3):2);

END;

Procedure P .:lad_Rotary;

Begin

Inregl'~J := Port[base+2];
Inreg[21 := Port[base+1];
Inreg[1] := Port[base1;

Inreg[6j := Port[base~·eJ;
Inreg[5J := Port[base+51;
Inreg[4] := Port[base+4];

Inreg[9) := Port[base+1 01;
Inreg[81 := Port[base+9];
Inreg[7J := port[base+8];
End;



var
s.a :In\eger;

const

program air;

uses
crt;

base=$390;

begin
port[base+3):=128;

repeat
wrlteln('lnpust s= ');
readln(s):
portlbase+zl=s:
wrltelnt'a ');
readln(a);
until a=t:

end.



Program Linput (input.output):

uses crt;
var

s, a: Integer;

Const

base=sate:

begin
a:=O;
repeat
port(base+3)::::137;
a:=port[base+2];
wrlte('a::: ',a);
delay(100);
until keypressed;
read In
end.



const

base=$310;

begin
repeat
a::::O;
port[base+3]:::: 128;
wrlte('S value ::: '):
readlrus):
port[base]::::s;
wrlte('a"'l ');
readln(a):
until a=t:
':md.

Program PC361 (lnput.output):

var

S, a: Integer;

'.



Const

Program PC36y (tnput.output):

var

s, a: Integer;

base=$310;

begin
repeat
a:::O;
port[base+3]:;::128;
wrlte(,S value= '):
readln(s);
port[base+1 ]:;::$;
wrlte('a:: ');
readln(a);
until a=t;
end,



a:=O;
port[base+3]:=128;
write('S value = ');
readln(s);
portlbasek=s:
wrlte('a= ');
readln(a);

until a= l:
end,

Program PC36x (input,output);

var

s, a: integer;

Canst

base=$390;

begin
repeat



Appendix B Program Listing.
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If dlrz='ccw then
begin
vz:=22;
end;

If vz>=O then
zmotor;

until (posz=true);
vz:=O;
zmotor:
end;

begin
start;
clrscr;
front_page;
setup;
vy:=:O;
VX:=31;
vz:=O;
xO:=O;
yO:=O;
zO:=O;
dx:=O;
dy:::;O;
dzr=D:
start;
xmotor;
ymotor;
zmotor;
start;

repeat
return home;
until homt:lpos=true;
start;
setup;
count:=O;
Extend:=false;
grlp:=false;
If (extend=talse) and (grip=false) then
port[base1'2j:=0;
pallet_choice;

repeat
IF (CHOICE='A') OF~(CHOICE='a') THEN count=count+t
ELSE COUNT:=O;
pallet_address;
xaxls;
yaxls;
zaxls;
if (grlp=true) and (extend=true)then
BEGIN
port[base+2J:=1 ;
DELAY('IOOO);
END;

If (grlp=~rue) and (extend=falsejthen
BEGIN
port[base+2]:=2;
DELAY(1000);
END;

if (grlp=false) and (extend=true}then



storevaiue.dz :Ionglnt;
dlrz : string;
posz .boolean:

begin
ZO:=O;
Read_rotary;
Get_value;
show_value;
If x3>204800 then x3:=O;
zO:=x3;
screfln_wrlte(message,'e\,l~y",');
pallet_address;
dz:=round(z/50"512);
posz:=false;
repeat
input:=port[base1+2);
Read_rotary;
get_value;
Show_value;
If x3>204800 then x3:=O;
change_z:=x3-z0:
change_z:=round«change_z/512)*50);
change_dz:=dz-x3:
change_dz:=round «change_dz/512)*50);
Read_rotary;
get_value;
Show_value;

If (change_dz<0-50) then
begin
dlrz :='cw';
posz:=false;

end;
If (change_dz>0+50) then

begin
dlrz:='ccw';
posz:=false;

end;
If (change_dz<0+50) and (change_dz>O-50) then

begin
posz::.:true;
vz:=O;

end:
If x3<2000 then begin
If (change_dz<O+200) and (change_dz>0-200) then
begin
case Input of
88,72,104,8,12,40,44,24,28 : begin

posz=lrue:
v~:=O;
x3:=O;
end;

end;
end:
end;

If (dlrz='cw')and (posz=false) then
begin
vz:=53;
end;



If (change_dy<-10) then
begin
dlry :::'cw';
posy =false:

end;
If (change_dy>1 0) then

begin
dlry:='ccw';
posy :=false;

end;
If (change_dy<::;10) and (change_dy>=-10) then

begin
posy :=true;
vy:=O;

end;

If x2<60() then
begin
If (change_dy<0+150) and (change_dy>0-150) then
begin
case Input of
88,72,104,80,82,64,96,66,98: begin

posy :=true;
vy:=O;
x2:=0;
end;

end;
end;
end;

If (dlry='cw') and (posy=falsejthen
tJegln
If (abs(change_y)<:=1 000) then Vy:::1 0;
If (abs(change_y»1 000) and (abs(change_dy»=1000) then Vy:=30;
If (abs(change_dy)<500) and (abs(change_dy»300)and (abs(ch(~nge_y»200) then Vy:=20;
If (abs(change_dy)<200) and (aba(change_y»1000) then Vy:=8;
If (abs(change_y)<1 000) and (abs(change_dy)<1000) then Vy::;8;
end;

If dlry='ccw' then
begin

If abs(change_y)<:=500 then Vy:=50;
If (abs(change_y»1 000) and (abs(change_dY»=1 000) then Vy:=60;
If (abs(change_dy)<500) and (abs(change_y»500) then Vy:=3f);
If (abs(change_dy)<500) and (abs(change_y»50tl) and (lncreaseyetrue) then Vy:=42;
If (abs(change_y)<500) and (abs(change_dy)<500} then Vy:=40;
and;

If vy>=O then

ymotor;
until (poay=true]:
vy:=O;
yrnotor:
Read_rotary;
get_value;
Show_value;
end;

Procedure zaxts:

var



if (abs(change_x)<500) and (abs(change_dx)<500) then Vx:=40;
end;

If vx>=O then
xmotor;
lncreasex=faise:
until (pos=true);
vx:=31 ;
xmotor:
end;

Procedurl. yaxls;

var

dlry : string;
posy.lncreasey.bcciean;

begin
yO:=O;
cy:=O;
dy:=O;
Increasey:=false;
Input:=port[base1 +2J;
Read_rotary;
Get_value;
show_value;
If x2>204800 then x2:=O;
yO:=x2;
screen_wrlte(message,'Busy ... ');
pallet_address;
dy:=round(y/50*512);
posy:=false;
b:=O;
c=o;
cy:::O;
repeat
Input:=port[base1 +2];
b:=X2;
Read_rotary;
get_value;
Show ••value;
Read_rotary;
get_value;
Show_value;
Read_rotary;
get_value;
Show value;
Readjotary;
get...value;
Show_value;
Road_rotary;
get_value;
Show_value;
c:=X2;
If x2>504800 then )(2:=0;
change_y:=x2·yO;
change_y:=round«( change_y/512)*50);
change_dy:=dy-x2;
cy:=abs(c:)·abs(b);
If (b-e-c) then lnoreasey=Ialse else lncreasey.=true:
change_dy:=round «changs_dy/512)*50);



repeat
Input:=port[base1 +2);
Read_rotary;
get_value;
ShoW_value;
If xi >204800 then xi :=0;
change_x:=x1-xO;
ohange_x:=round«( ohange_x/512)*50);
a:=change_dx;
change_dx:=dx-x1 ;
cx:=change_dx-a;
If ox=O then Increasex:=true;
change_dx:=rC'und «(change_dx/512)*50);
Read_rotary;
get_value;
Show_value;
If (change_dx<O-1 0) then

begin
dlrx :='cw';
pes ::-fal';e;

end;
If (change __c.lx>O+10) then

11egln
dlrx: ::'01 ;
pos :=fals~;

end;
If (change_dx<0~'10) and (cllange_dx>O·10) then

begin
pos :=truE':
vx:=31;

end;
If xi <300 then
be!:jil'
If (changE!_<ix<Q:'150) and (change_dx>0-150) then

begin
case Input of

88,16,18,20,22,80,82,24,28 : begin
pos :;:;true;
vx:=31;
x1:=O;
end;

end;
end;
end;

If (dlrx='cw') and (pos=false) then
begin
If (abs(cha;1ge_x)<=1 UOO) then Vx:=1 0;
If (abs(change_x»'1 000) and (abs(change ...dx»=500) then Vx:=30;
If (abs(cliange_dx)<500) and (abs(change_dx»300)and (abs(change __x»200) then VX:=20;
If (abs(change_dx)<200) and (abs(change_x»1000) tlHm \lx:=10;
If (abs(change_x)<1 000) and (abs(change_dx)<1000) then Vx:=1 0;
end;

If dlrx=ccw' then
begin
If abs(change_x)<:::500 then Vx:=43;
If (abs(change __x»500) and (abs(change_dx»::600) then Vx:=60;

If (abs(change_dx)<500) and (abs(ohange_x»EiOO) then Vx:=38;
If {(abs(change_dx)<500) and (abs(change_x»500) and} (increasex=true) then Vx:=42;



80,82: begin
Vx:=O;
vy:=o;
Vz:=52;
end;

8 ,12,40,44 : begin
Vx:=8;
vy:=10;
Vz:=O;
end;

0,2,4,32,36,38,34,6 : begin
Vx;=8;
vy:=10;
Vz:=52;
end;

16,18,20,22: begin
Vx:=O;
vy:=10;
Vz:=52;
end;

64,96,63,98: begin
Vx:=8;
Vy:=O;
VZ:=52;
end;

24,28: begin
Vx:=O;
vy:=10;
Vz:=O;
end;

end;
zmotor;
ymotor;
xmotor;
end;

Procedure xaxls:

var

a :Ionglnt;
dlrx : string;
pos.lnoreasex .boolean:

begin
xO:=O;
lnrteasex.=false;
Input:=purt[base1 +2];
Read_rotary;
Get value;
show value;
If x1>204800 then x1:=O;
xO:=x1;
screen_write (message,'BLlsy .... ');
pallet,address;
delay(100);
dX:=l'ound(x/50"'512);
pos.sfalse;
a:=O;



PROCEDURE start;

begin

clrscr;
Inreg[1 J,,:O;
Inreg[2J:=0;
Inreg[3J:=0;
Inreg[4J:=0;
Inreg[5J:=0;
inreg[6J:=0;
Inreg[7J:=0;
Inreg[8J:=0;
Inreg[9J:=0;
xO:=O;
yO:=o;
zO:=O;
x1:=O;
x2:=0;
x3:=0;

change ....x:= 0;
change_y:= 0;
change_z:= 0;

change_dx:= 0;
change_dy:= 0;
change_dz:= 0;

port[base+3J:=128;
port[bClse1 +3J:=137;
Port[base1 +3J:=137;

SET_ENCODER;
DELAY(1000);
set_encoder;

end;

Procedure Return_home;

begin

Input :=port[base1 +2J;

homepos:=false;
case Input of

88: begin
Vx:=O;
vy:=o;
Vz:=O;
homepos:=true;
end;

72, "04: begin
VX:::8;
vy:=o;
Vz:::::O;
end;



Procedure Set_Encoder;

Begin
xi:=O;
x2:=0;
x3:=0;
xO:=O;
Port[baser+0):=$1 ;
Port[baser+i):=$1 ;
Port[baser+2):=$1 ;
Port[baser+3):=$0;
Port[baser+4):=$O;
Port[baser+5):=$0;
Port[baser+6]:=$7;
Port[baser+ 7]:=$7;
Port[baser+8]:=$2;

End;

procedure GET_value;

begin
xi := Inreg[3]*65536+lllleg[2]*256+inreg[1];
x2 := Inreg[6]·65536+lnreg[5]*Z56+lnreg[4];
x3 := Inreg[9]*65536+lnreg[8]*256+lnreg(7);
END;

PROCEDURE SHOW_VALUE;

BEGIN
change_value(5,i1,5,'xi= 'xt):
change_ value(30, 11,5,'x2= ',x2);
change_value(55,ii,5,'x3= ',x3);

change_value(5,iZ,5,'VX= ',vx);
change_value(30,i2,5,'Vy= ',vy);
change_valuEl(55,12,5,'VZ= 'vz):

':: 'ange_value(5,13,5,'change_x= ',change_x);
GhE:lIgG_value(30,13,5,'change_y= ',change_y);
c,/iange_value(55, 13,5,'change_z= ',change_z);

Change_value(5, 14,5,'change_dx= ',change_dx);
Ch1nge_value(30,14,5,'change_dy= ',change_dy);
C'1ange_vaILle(5I5,14,5,'change_dz= ',change_dz);

Change_value(5,15,G,'xO= ',xO);
change_vallle(5,16,5,'lnput= 'Jnput):
Change_value(30,15,5,'yO= ',ya);
Chal1ge_value(30,16,5,'cy= ',cy);
change_ value(55,15,5, 'zO= ',zO);
end;



until err=false;
screen_write(message,");

end;

procedure Xrnotor:

begin

Port[base]:=Vx;
end;

Procedure Yrnotor;

begin

port[base1 +1]:=vy;
end;

Procedure Zmotor;

begin

port[base1]:=vz;
end;

PROCEDURE Change_ Value (xx,
yy,
box_width: INTEGER;chr:strlng;
value: REAL);

VAR
digits: INTEGER;

BEGIN
Gotoxy (xx+1,yy+2);
WRITE (' ':box_wldth-2);
11== (ABS(value) < 5E-3)
THEN
dlglts:= 0

ELSE
digits ;= TRUNC (LN(ABS(value))/LN(10)) + 1;

Gotoxy (xx+((box_wldth-(dlglts+3)) DIV 2), yy+2);
write(chr);
WRITE (value:(dlgits+3):2);
END;

Procedure Read_Rotary;

Begin

Inreg[3] ;= Port[baser+2];
Inreg[2] := Port[baser+1];
Inreg[1] := Port[baser];

Inreg[6] := Port[baser+6];
lnreg[5] := Port[baser+5];
Inreg[4] := Port[baser+4];

Inreg[9] := Port[baser+10];
Inreg[8] :::; Port[baser+9];
Inreg[?] := Port[baser+8];

End;



Procedure Pallet address:

vi:lr

filevar1
extenslon.qrlpper
err

: text;
: char;
: boolean;

begin
IF COUNT=O 1'HEN
filename:=filename;
if count=t then
filename:=f;
if count=2 then
filename: =f1 ;
if count=a then
fllenarner=tz:
if count=4 then
filename:=f3;
if count=5 then
filename:=f4;
repeat
err:=false;
asslgn(filevar1,filename);
reset(filevar1 );
while not eof(filevar1) do
begin
readln(fllevar1,x);
readlrutllevart.y);
readln(filevar1,z);
readln(filevsr1,extenslon);
readln(filevar1,grlpper);

case extension of
'e', 'E' : extend :=true;
'r','R' : extend =false:
end;

case gripper of
'y','Y' : grip :=true;
'n','N' : grip :=f8Ise;
end;

if dx>80896 then begin
screen_write(message,'Error 'I"); {E)(ceeds max x stroke)
err:=true;
end;

If dx<O then begin
screen_write(message,'Error 2'); {negative distance}
err:=true;
end;

If (dy<O) then begin
screen_write (rnessage,'Error 4'); {negative y stroke}
Err:=true;
end;

If (dz>1200) then begin
screen_write(message,'Error 8'); {Exceeds maximum z stroke}
err.=true:
end;

end;
close(fllevar1 );



WRITE (,Press any key to continue ....');
Restore;
ch := READKEY;
END;

PROCEDURE setup; {Sets up the main screen}

BEGIN
restore;

Screen_Setup ('Command', 'Message');
screen clear (Main);

Bold;
Screen_Write (Main, '3001AS/RS PROGRAM');
Restore;

END;

Procedure Automatic pallet;

var

filevar2 : text;
extenslon.qrlpper : char;
err : boolean;

begin
ASSIGN(FILEVAR2,filename2);
reset(flfevar2);
while not eof(filevar2) do
begin
readln(fiIevar2,f);
readln(filevar2, f1);
readln(filevar2, f2);
readln(filevar2, f3);
readln(filevar2,f4 );
end;

close(fllevar2);
end;

Procedure pallet_choice;

begin

screen_write (message,");
screen_wrlte (command,'Would you like ':l manual or automatic retrieval? [NMJ ');
readln (choice);
case choice bf
'rn','M' : begin

screen_write(message,");
screen_wrlte(command,'Enter the pallet filename ');
readln (filename);
end;

'a','A' : begin
screen_wrlte(message,");
screen_write(command,'Enter the pallet filename ');
readln(filename2);
autornatlc pallet;
end;

end;
end;



Program ASRS (input, output);

uses crt,dos,library;

var

5,s1, a.count : integer;
Inreg : array[1 ..16] of lonqint:
y.1,X2,x3,XO,YO,zO : longint;
vx : integer;
vy : integer;
vz : integer;
Change_x,change_dx,dx,cx : longint;
Change_J,change_dy,dy : longlnt;
Change_z,change_dz,dz : iongint;
ans,filename,filename2 : string:
'xhome.yhorne.zhorne.homepos : boolean;
extend.qrlp : boolean;
lnput.x.y.z : iongint;
filevar2 : text;
choice : char;
f,f1,f2,f3,f4 : string;
cy.b,o : longint;

const

baser=$200;
base1=$310;
base=$390;

PROCEDURE Front_Page; {Presents the first frontpage}

VAn
s1,52: SmING[32];
t,u : iNTEGER;
ch : char;

BEGIN
RESTORE;
Bold;
Draw_Box(2,5,5,70, 15,' ');
s1 ::: 'AS/Rf' ROBOT';
FOR t:=1 TO 11 DO
BEGIN
Goto_xy (31+t,8);
WRITE (s1[t));
DELAY (100);

END;
Goto_xy (32,11);
WRITE ('created by:');
Restore:
s2:='L,F CORSARO';
Rvld;
FOR u:=1 TO 11 DO
BEGIN
Go!~_xy (31+u,13):
WRITE (s2[u]);
Bell (150,0.1):

END;
Restore;
Goto_xy (2,24):
Blink;
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DIOPA ~Port A of the 8255 (offset 0, read/write)

This register is port A of the 8255. It can be operated in one of three modes as described ill
Chapter 5 Programming Guide, The operating mode is set by writing to the DlOCfRL register,
described below.

~---------------------- l
I

orOPA Register
l?A7 [!A6TIAS I P~ PA3 I PA2 [PAiJP~

Tho bits PA? (MSB) down to PAO (LSB) reflect the status of the port's 1/0 lines. Depending on
the programmed I/O mode of tlu port, the lines may be inputs, outputs or bidirectional.

DIOPS • Port 8 of the 8255 (offset 1, read/write)

This register if; port B of the 8255. It can he operated in one of three modes as descrlhcd ill
Chapter 5 Programming Guide, The operating mode is set by writing to the DroC1'RL register,
described below.

--~----,-~-----:-----....,
DrOPB Registe;;r

~-----,---------------------------------------------
The hits PB7 (MSB) down to rBO (LSb, reflect the status of the port's I/O lines. Depending on
the progrnrnmcd I/O mode of the port, the lines mny \In inputs, outputs or bidirectional.

OIOPC ..Port C of the 8255 (offset 2, read/write)

This register is !lor! C 0(' the 8255, It can he operated in one of Puce modcn as described In
Chapter 5 Programming ctuid«. The opcrntlng mode is set by writing to the DIOCrl~L register,
described below.

The bits PC7 (MSB) down to PC() (LSB) reflect the statlls of the port's I/O lines, Depending on
the progmmmcd I/O mode of the port, the lines runy he inputs, outputs or hnndshnke lines.

I;
II
-I
If
II
I,
II
Ir

I
I



At the lowest level, till' PC·36 is programmed using T/O port input and output instrucu, u.s. !llis
chapter contains informntlon on all of the PC-36's registers. Although programming the board is
not difficult, It is time consuming and requires detailed knowledge of both the PC-36 and the
host PC's operating system. This manunl provides the former. As lin alternative, a set of software
library Iunctlons is provided. These cover all of the board's features and should suit most
applications. The Driver Llbrnry is described in II compnnlcn manual to this. III Case routines need
to be custom written for II specific purpose, it is often quicker to base them on the driver system,
by loading and modifying routines from tho driver library source code, This chapl..Jr and
Chapter 5: Programming auide provide full lnformatlon on how this is done,

The PC·36 occupies 4 consecutive addresses in the computer's I/O space, The layout 0[' these
registers in shown ill Table 3: PC·36 Register Structure, Tho offset of the registers ore given as
offseL addresses from the buse address of the board, The board base address is sci with the
DIP switch as detailed in Chapter 2; Instalkuion,

Port A (DIOPA)
Port B (DIOPB)
Port 0 (DIOPO)

Port A lDIOPA)
Port B (DIOPB)
Port 0 (DIOPC)
Oontrol Register (DIOCTFlL)

o
'I
2
3

TaLl/e 3: PC·36 Register sttucuu».

The remalnder of thls chnptcr describes these registers in detail.
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The symbol 'I' indicates that a signal is active low,
When an 8255 is used in one of the }lIlncislwking modes, the 18TB anti IBF lilies are used to
synchronise input data transfers, The IOBF and JACK lines are used to synchronise output
transfers, The signals in the table above have the following functlons:

NIIIllC TYIIC

jSTB External Input

IBF External Output

lACK External Input

IOBF EXlernnlOutput

Descriptio"

Strobe Input: A Iowan this handshaking line loads data from the
peripheral bus into the input latch.
Input Buffer Full: A high on this line indicates that the external
datn has been landed lntn the input latch, This is an input
acknowledge signal,
Acknowledge: The external device asserts this line low to
indicate that the dnta written to the port by the program has been
accepted,
OUlpUI Buffer Full: The 8255 asserts this line low to indicate to
the external device thnt the program has written data to the
selected port. This line can be used to strobe the data into the
external device.

INTR External Output Interrupt Request: This signal becomes active (high) when the
8255 requires service, For input operations, It indicntc$ thnt there
is dntn ill the corresponding port to be read by the program. For
output operations it indicates thnt the external device hns
accepted the dntu nnd thus the program cau write another byte 10
the 82.15,

IRb Internal Input Rend Signnl: This slgnal is generated by tho control lines of the
host computer. II Is activated when the program executes all
input instruction from any PC-30B register,

/WR Internal Input Write Signnl: This signal is generated by the control lines of the
host computer, It is nctlvutcu when the program executes nn
Output lnstructlon to lilly PC·30B register,

Power supplies

The +12V, -12V, +5V and ·5V power supplies lire available, together willI digital ground, user
connector, These con be used to power external circuitry. As II rough guide, no more than about
250 mA should he drawn from these power supplies or the PC-36 board, the host computer 01' the
power supply may be damaged permanently. Check the computer's power supply ratings for
maximum current; this is especially Impllrtunl I'm the "12V and ·SV supplies
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Port B
dL---·12V
QM----
Q!L--

M

Port c

i="fgure3: PO·36 connector, as seen from the rear of the PO.

Some of the lines of Port C take all differellt meanings when on 8255 is programmed to operate in
strobed input or output mode or bidirectional bus mode. They are summarised in the following
table and described below that, Sec Chapter 5: Programming Guide for full details all the USe of
these signals,

07 1/0 1/0 10BFA 10BFA
06 1/0 I/O IAOKA IAOKA
05 I/O IBFi\ I/O IBFA
04 1/0 JSTI3A 1/0 ISTBA
03 1/0 INTRA INTRA INTRA
02 I/O JSTBS /AOKI3 I/O
01 I/O IBFs /OSFs I/O
00 I/O INTRa INTRa I/O

T<?ble2:Port 0 Line U"age.

I
I

I
I
I

I
I
I
I
I

I:
II



The PC-36 plugs into any of the computer's expansion slots, along the board's gold plated edge
COnnector, The board communlcates to the external world via a connector mounted in its bracket,
This chapter describes these connectors,

Connections to the computer backplane

The PC-36 bonrd may be plugged into any slot of the computer backplane (with the. exception of
the ]8 slot of IBM XT's), All communication to and from the host computer Is via this connector.
The board forms part of the processor's J/O space.

, If the PC-36 sometimes behaves erratically then there is the possibility that the gold plated
contacts 011 the edge connector may have become dirty or nbraded, especlnlly It' tile card is
instnlled and rcmr id rnnny times 1'1'0111 various different computers, This condition can be
corrected simply b) caning the contacts with an ordinary pencil eraser.

User connector

The PC.36 interfaces to the external world vlu n 37 wny D-type male connector mounted in the
hoard's bracket.

The D1337connector cnrries the followlng slgnnls:

- The Port.A, Port B und Port C digital input/output/handshake lines of the 8255,

• Power SUpplies of +5V, -5V, ·1-12V,-12V and digital ground.

Figure 3 shows these connections, together with their pin assignments, Note that the pin
connections refer to the pin numbers of the connector when looking into the connector from the
rear of the computer, The pill numbers ore embossed onto the connector Itself.
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Only a very small number of computers will require nddltioual wait stales, If the PC-3GB card in
your computer seems to be returning incorrect readings then Increase the number of wait states
until correct results arc obtained. If the card docs not produce correct results with the maximum
number of additional wait states inserted then either the host computer or the card is faulty and
should be serviced,

Installatlon

Installing the PC-36 is straightforward. You will need II screwdriver to match the screws on the
computer's covet and expansion slot bracket,

a) Switch off the computer and nll nllnched devices.

b) Unplug the power cord from the computer and nil attached devices. Failure to do this may
result in lmznrdous conditions, us there may be dangerous voltage levels present 011
externally connected cubics.

c) Remove the top cover of the PC or the access port to the I/O channel. If you arc 1I0t SUI'C

how 10 do this, consult the mnnunl supplied with the system unit.

<I) 0'0' "e any unused H·hlt or lfi-hlt expansion adapter slot and remove the screw from the
top ~Jf the blank bracket corresponding to the chosen slot. Remove the bracket.

e) Align the [Told plated edge connector of the I'C·36 with Ihe edge socket on tho computer
system I, , and nlign 1110 [IonI'd brncket with the rcnr ndnpter slot Oil the computer's case.
Firmly: ' the hoard down into the edge socket. Ensure that the board's edge connector is
sen ted iI', sockct nnd has not sllppcd sldewnys past the socket.

f) Tighten the mountlug bl'llckct of the PC·36 to the back pl" t mil of the compute!'.

g) Replace the computer's COYCr, Plug in nil cords lint! ~.ables. Switch 011 the power. The
PC·36 is now installed and ready for operation.



Note that addresses from 400h 10 FFFh cannot normally be used because these addresses lire not
normally decoded by other I/O devices and cards in the Oh to 3FFh range.
The PC-36 however (and most other members of the PC-XX family) can use these additional
addresses if (and only it.) there is no board Of device nt address 400h less than the address of the
PC-36 01' the board at the address 400h less also decodes the extra addresses.

A PC-36 may be Installed at address 300h and another PC-36 at address 700h.
(400h locations apart.) However it would not be advisable to Install a PC-S6 at
address 778h because the printer port LPT1 uses a base address of 37811and does
not normally decode the extra addresses.

Most other members of the PC-XX family of boards decode the extra addresses and may safely be
installed 40011locations apart.
If your computer has boards not listed in Table 1 installed (such as LAN adapters, back-up boards
or other engineering boards) then consult the mnnuals for these boards for information on the
address ranges used. In most cases II base address of either 300h or 310h Is II good choice.
Address 310h is ulso the factory default address.

Generating additional wait states on the PC..36B

The number of addltlonnl wail slates inserted ill I/O bus cycles addressing the PC·36B is
controlled by the position of the wait state jumper 1Pt. This Is marked 'Wail State Selection' on
the board. Refer to Figure 2 for the wait state jumper positions. The factory default setting is for
zero wnll states.

lWS II I I I I4WS IWS 4WS lWS 4WS
2WS I II Iaws 2WS 8WS 2WS 8WS

I I a I I
One wait Two Wait Four Wait
State states states

I I
r----

lWS I I I I4WS lWS 4WS IWS 4WS
2WS I I I I -aws 2WS aws 2WS 8WS

I I I ., I-Eight Wait Zero wait zero WaitStates St.ates StatesL,,__
.. ' ,.- .. , ...,~..,.",.~.--.....~--"---.-.---~------.-...-""

Figure 2: Walt Slate JLlmper SettIngs.

Installation 15

VO Addresses
from 40011 to
7FFh
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OOO·iFF
200·.20F
210·217
220·24F
250·257
258·2bF
260-277
278·26F
280·2EF
2!=O·2F7
.2P8·2FF
30Q·3iP
320·32F
330·377
378·37F
3$0·38F
390·39F
3AO·3AF
3BO·3SP
3CO·3CF
GOO·30P
3EO·3E7
3E3·3EF
3FO·3F7
3F8·3FF
400·FPF

Internal system board
Garnes port
Expansion unit
Reserved
Not assigned
Intel "Above Board"
Not assigned
Reserved
Not assigned
LPT2
COM2
Prototype board
Hard dlsk
Not assigned
LPT1
SDLC comrnunloatlons
Not assigned
Binary communications
Monochrome display adapter
Reserved
Colour graphics adapter
Reserved
Not assigned
Floppy disk
COM1
Not used; refer to text

Table 1:SI"Jndard I/O Addresses.

4 0 0 2 0 0 10 0 8 0 4 0 2 0 I 0 6 Hex Welghl
when OFF

A lOA 9 A a A 7 A 6 A 5 A 4 A 3 Con9spondlng
Address Une

Figure 1: DIP Switch A(fdre~s Weigflts {In flex}.



Configuration

There nrc two aspects of the PC-36 that can be configured. These are:

- The base address, This is the address where the computer will find the board. It is set to an
address between Oh find 7F8h with the eight switches on the DIP switch block. Note that this
address is in the computer's I/O address space.

- PC-36B Wait slate generation. II' the host computer generates abnormally fast I/O bus cycles
then it may be necessary to slow these down when the computer accesses the PC-36B. The
board can do this without affecting any other I/O bus cycles. The number of additional wait
states inserted in II PC-36B bus cycle is controlled by jumper on the board.

Setting the base address

The PC-36 uses II block of foul' I/O addresses. The base address setting controls the address where
this block begins. This must be set so that the PC-36 does not use any addresses that arc used by
another device or' card. If more than one PC-36 is to be installed in the computer then each card
m . hnve II different base address setting.

The base address may be assigned 10 any location from Oh to 7F8h, on eight byte boundaries. The
factory default base address is 31Oh. Refer 10 Table 1 below for II guide on addresses used by
standard I/O devices and Table 4 in Appendix A for a list of the base address switch settings.

The base address is set by adjusting the eight switches in the DIP switch all the board. Switch
number 1 is used to compare address line AW, number 2 for A9 lind so on lip to switch 8 /hich is
used to compare address line A3. In general, if a switch is set to the off position, then its
corresponding address weighting contributes (0 the base address, Sec Figure 1 for the DIP switch
wolghtlngs,

For example swltChe.s 2 (corresponding to address line A9), 3 (corresponding to AS)
and 7 (corresponding to A4) off yield a base address of 200 1+ 100h + 1011:::310h.
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Appendix C Process control cards.



BEGIN
port[base+2]:=3;
DElAY(1000);
END;

if (grip=false) and (extend=false)then
port[base+2]:=0;
if (cholce='m') or (cholce='M') then begin
screen_write (command,'again ? ');
readln(ans);
end;
If (cholce=rn') or (choice""M') then pallet_choice;
until (count=s) or (ans=n') or (ans=N'):
Read_rotary;
get_value;
show_value;

end.

1



2-pulse mode
In2-1'u186 mode the PCL·833 uses two input pulses as counting
MUlCC.:: one for clockwise CCW) and one for counterclockwise
(CCW) counting. The counter will decrement whenever a rising edge
occurs on channel A. It will increment whenever a rising edge occurs
on channel B.

pulse/direction mode
In pulse/direction mode the PCL·B33 Uses vne input line (A) for pulse
inpilt and one line (B) for direction. If channel B is high (1), the
counter will decrement whenever a rising edge occurs em channel A. If
channel B is low (0), the counter will increment whenevCl' a rising
edge occurs 011 channel A.

Olsabled mocle
PCL·833 will not accept input, but you can still access all its registers.

You select the mode by programming the card's registers: BASE+O for
CHI, BASB+ 1 for cm and BASE+2 for CH3. See Chapter 5 for
more information.

Digital noise filter
Noise immunity is the most important requirement for reliable
encoder interface operation. The PCL-833 conditions the input signals
with a four singe digital filter. This filter reduces glitches (digital
noise) or spikes by sampling the input at 2, 4 or 8 MHz. The filter
output waveforms change only When an input has tho same value for
three consecutive sampling edges, The filter thus rejects noise or
pulses shatter than two sampling clock periods. You can optimize
noise immunity by selecting the lowest sampling frequency that
compatible with the highest input rate you expect,

The PCL-833 accepts up to 1 MHz quadrature freq, at 8 MHz filter
sampling speed. At 2 MHz sampling speed it can still accept up to 300
KHz quadrature input frcq.

A 3600 rpm motor with 2000 ppr encoder will have n max. quadrature
freq, 00600 X 2000 + 60 = 120 KHz, In the above example the ;1.
MHz sampling clock will have the best noise immunity nud will meet
the required input freq,
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The following table shows the maximum noise pulse width that the
filter will reject for each wstem clock frequency:

MaxllTlum widthCloak froq,
BMHz 375 nsec.~~----~~~~-----------------------------4 MHz 750 nsec,2MHz 1_.5_m_s_e_c. . ___

Latch mode
When you read II counter, you are actually rending a value latched into
a buffer. The PCL·833 provides five different latching modes, ol\ly
one of which is active at any given time, Milke sure that you know
which latching mode is current whenever you read tho counter,
Otherwise, you.may rend an old value or 01lQ that was latched {It a
different time than you expect,
You select the latching mode for each channel indlviduully, That is,
you might select SfW latching. on channe 1 and 010 latching for
channels 2 and 3. Bits 0-2 of register 13ASE+3 control CHI, 13ASE+4
control CH2 and BASE+S control CH3. See Chapter 5 for more
information.

The PCL-833's latching modes are ns follows:

S/W latch
Whenever you rend II channel's data registers, the counter values will
be latched in buffer, The S/W latch will only take effect wl.en you
read the high byte of the counter (C23.C16). Reading middle byte or
low byte of a counter won't latch the counter values to the buffer. You
should therefore read the high byte first, then the other two bytes of
the counter,

Index latch
A rising edge on the channel's index input line will latch the channel's
counter value,

010 latch
A rising edge on the board's DIO line will latch tho counter value for
the channel.

Cilaplor 3 Oporotlon 19



QW3drature encoder introduction
In typical closed-loop control systems, also know as Servo systems,
the encoder interface s~nses motor position and sends a position signal
to the controller. The diagram below shows a typical servo system.

The encoder generates pulses which indicate the shaft position. The
encoder output includes two signals, commonly called channel A and
channel B, which generate N pulses per revolution. The two signals
are shifted by a quarter of a cycle, as shown below. The shift between
the two signals enables the controller to determine the direction of
rotation, depellding on whether channel A leads channel B or vice
Versa.

M1CROCOMPUT~R
BUS OUADRATURe

SIGNAL

".---
PHASE A

Jl_1L
PHASElS
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single·Andedvs, differential input
Most encoders produce square wave signals with TTL levels. Industri-
al systems often use encoders with differential signals, i. e. channel A
and B and their complements. Differential signals can reduce sensitiv-
ity to noise and allow longer transmission distances. Encoders may
also produce a third signal once per revolution known as the index or
marker. The encoder interface can use the index signal to reset the
counter, allowing you to monitor the position within the current
revolution.

counter modes
The following table shows the maximum input rote for each input
mode and system clock rate, Values are given for each system clock
frequency,

Maximum ln~ut rate
8 MHz 4 MH:;:_! _ __,;Z;,...;M,;...;H:,;:,z__

'='Q-ua..,.dr-at,....u-re~~X,..,.1:.!..,~X:-::-2:!.I~X,.,.4.:...-_-_~::_-7.:...1~M~H;::..Z::_-::_-~6~00;:_1:.;;,<H.:.;;.Z__ 3__00....K.:...H....Z __

2-puls6: :;;;2•.:..4,M;.:.;:..:;Hz:...__.;.:1.,;;..2.;,:.;M.:.;.Hz:...__.:..60.:...0_;,.K;;.:,Hz,,--_
Pulse/direction 2.4 MHz 1.2 MHz 600 KHz

Mode

Counter modes are as follows:

ouadrature Input ceuntnr mode
Quadrature input consists of two square wave inputs (A and B) which
are 90· out of phase. The PCL·~33counts the square Wave transition»
and determines the direction b) comparing whether channel A is
lending channel B or vice versa

There are three different counting methods in quadrature input mode:

Xl The counter will increment (or decrement) the counter whenev-
er a rising edge occurs on input channel A.

X2 The counter will increment (or decrement) whenever a rising or
falling edge occurs on input channel A.

X4 The counter will increment (or decrement) whenever a rising or
falling edge occurs on input channel A or B.

Ohapter 3 Oporallon 17



Pin Functioll
CH2B- Channel 2 B differential negative- Irtput
CH2J3~ Channel 2 Bdlflerentlal positive· Input
OH2Z- Channel 2 Z differential nepatlva- Input
OH2Zt Channel 2 Z dlfferenllal positive - Input
CH3A· Chatlnel 3 A differential negative' Input
CH3At Channel 3 A differential positive - Input
CH3B. Channel 3 B differential negative- Input
CH3B+ Channel 3 B differential positive· Input ----
CH3Z· Channel 3 Z differential negative· Input
CH3Zt CI]!lnnel3 Z differential positive .. Input
COlO- Digital Input No, 0 differential negative -lnput
CDIOt Digital Input No, 0 differentialpositive - Input
COI1- Olgltallnput No, 1 differential negative· Input
COI1i' OlgltallhPut No, 1 dlffel'entiiil':-"p:';':oS~lt7-lv:":'e-'I:'::'npo:.:U:':'t---~-

connector wiring
Externalllntt!rnal power
If yon use an external power supply, connect pins 1 and 13 to external
ground and connect pin 25 to external Vcc'

If you use the card's internal power supply, place o-n resistors
(jumper wires) at locations Ll and L2 on board (see labels printed on
board),

Olfferentlal/single·e.,ded Input
With dHfen:I~tial inputs '~onnec~~henegative wire to the negative pin
and the positive wIr7 to .the pos~tl\'e pin. For example, with channel 3
A connect the negative input wire to CH3A· and the positive wire to
CH3A+,

With single-ended inputs connect the input to the positive pin and
leave the negative pin open.

AS phase encoder
In ~.pulse input ~ode A inputs (CHIA, C:H2A, etc.) count up while
their corresponding B inputs (CHlB, CH2B) count down,

12 PCL'833 User's Manual
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In l-pulse input mode A inputs CCI-IlA, etc.) count up or down and B
inputs (CH1B, etc.) determine the direction to count. A logical high
(1) on the B channel indicates that the pulse on theA channel is an up
count, and a logical low (0) indicates that the pulse is a down count.

Hat'dwate instaUation
Warning! Disconnect power from your PC whenever you

Install or remove the peL-sss or Its cables

Installing the card in your computer:
1. 'fum off the computer and all peripheral devices (such ns printers

and monitors),
2, Disconnect the power cord and any other cables from the back of

the computer, Tum the chassis so the back of'the unit faces you,

3, Remove the ohassis cover (see your computer users guide if
necessary).

4, Locate the expansion slots at the rear of the unit and choose an
unused slot,

5, Remove the screw that secures the expansion slot cover to the
chassis. Save the screw to secure the PCL-S3:!,

6, Carefully grasp the upper edge of the PCL-833 card, Align the
hole in the retaining bracket with the hole on lOP of the expnnaion
slot, and align the gold striped edge connector with the expansion
slot socket. Press the board firmly into the socket.

7, Replace the screw in the expansion slot retaining bracket,

8, Attach necessar,' accessories to the card,
9, Replace the chassis cover. COl111ectthe cables you removed in step

2, Turn 011 the computer,
Hardware installation is now complete, You can now install the
software driver as described in the next section.

CllOp/or2 Installallon 13



To use the interrupt you must install an interrupt service routine and
program the PCL-813's on-board the 8259 interrupt controller.

Nine different conditions can enable the PCL·833's interrupt, but only
one at n time.

Intorrupt source condition~~~~~ ~~~ ---- -------o OHi overflow
1 OH2 overllow
2 CH3 overflow
3 OHi ZIN
4 OH2 ZIN
5 OH3ZIN
6 DID--------~~----~--~~--~---_..------..7 Shared by TIMERand DI1

Bit 3 of register BASE+9 switches interrupt source 7 between the
card's TIMER and Dl'l , See Chapter 3 for details.

You should treat all the interrupt sources as positive-edge triggered
when you program the 8259.

10 PCL·BSS U.sar's Manual

connector pin assignments
You make all connections to the PCL·833 through a single DB·25
connector, shown below:

EGNO
CHIA+

CHHl~

CHIZ ...

CHM.

CH20+

CI121..

CH3A+

CH3B,

CH3Z.

CDIO+

COil.

EGNO

Connector pin nssignments appear below:~----....-----~---------------------------Pin FuncUon
'EGND----exte7iiii'i9ToUiia
EVeO External Vee
CHiA· Channal1 A dlfferantiiiiiiaQiitiV;jnput
CHi At _9!1Rnneli A differential positive. Input
CHi B· Channal1 B differential negaflve • lnput
CHi Bt ChannaI 1 B dlfforentlal posltlve- Inpui-'------

CHIA·

CHill·

OHIZ.

OHM.

CH:lB.

OH2Z·

OHM·

CH3B-

CH3Z·

00100-

con-
OVCC

CHiZ· Chunnel1 Z differential negatlvo -Input
CH1Zt Channali Z differential positive· Input
CH2A· Channel 2 A differential negative· Input
OH2At Channel 2 A dlfforential POS:';:'Il::':IVO':'.-:I:.:!i1fl:':U':"t-------

Chaptor 2 Installol/on 11



Initial inspection
In addition to this manual the shipping container should contain the
PCL-B33 card and a utility diskette. We carefully inspected the PCL-
833 mechanically and electrically before we shipped it, It should be
free of marks and scratches and inperfect electrical order on receipt.

As you unpack the card, check it for signs of shipping damage
(damaged box, scratches, dents, etc.), Ifit is damaged or fails to meet
its specifications. notify our service department or your local sales
representative immediately. You will need to contact the carrier so that
it can inspect the shipping carton and packing material We will then
arrange to repair or replace the unit,

Remove the PCL-833 interface card from its protective packaging
carefully. Keep the antistatic package. Whenever yon are not using the
board, please store it in the packaging for protection.

Warning! Discharge anystatic electric charge on your body by
touching grounded metal before YlJU handle the
board. Yoush:;uld evoid contact with materials that
create static electriCity such asplastic, vinyl, and
styrofoam. !-Iandle the board by its edges to avoid
contacting the board's integrated circuits.

switch and jumper settings
DIP switch SWI sets the card's I/O address and jumper JPI sets the
card's interrupt Ievel,

Base 110 address {SW1}

The PCL-833 requires 16 consecutive I/O addresses. DIP switch SWI
(shown below) sets the base I/O address.

123-456

8 peL-833 /]sers ManuaJ
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Choose a base address tbz+ isnot inuse by any other I/O device.A
conflict with another deVIL.,may cause one or both devices to fail,
The factory address setting (hex: 200) is usually free as it is reserved
for PC prototype boards.

Jumper serings for various base addresses appear below:

card UO addresses !SW1l
Range (hex) Sv.itch p~siUDn

1 2 3

o
-f 5 6

0 0 0
0 0 •
0 • 0

0 • •
• 0 0

8 • •

~2GO - 20F e 0
210-21F • 0
220-22F IS 0
230-23F • 0
240-24F e 0

o
o

3FO-3FF • • •
-=00O=On • = default

Note: Switches 1-6 control the PC bus address lines as follows:

Snitch 1 2 3 4 5 6
line A9 A8 A7 A6 AS A4

Interrupt level (JP1)
Thejumper JP1 selects the card's interrupt level (2,4, 5,7,10,11,12
15), as shown below:

Card interrupt (default = 7)

Do not select a level that is being used by another device unless you
have performed special programming to share several devices on one
interrupt.

Chapter2 Installation 9
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I
I600h OFF OFF ON ON ON ON ON ON !lOCh

60811 OFF OFF ON ON ON ON ON OFF 608h
61011 OFF OFF ON ON ON oN OFF ON 61011

I618h OFF OFF ON ON ON :IN OFF OFF 1l16h
620h OFF OFF ON ON ON I?FF ON ON 620h
620h OFF OFF ON ON 0\1 OFF ON OFF 62811
630h OFF OFF 01>/ ON Ol'~ (.IFF OFF ON 630h
63!!h OFF OFF ON ON ON OFF OFF OFF 63en
64011 OFF OFF ON ON OFF ON ON ON 640h I64811 OFF OFF ON Otl OFF ON ON OFF fi4!lh
650h OFF OfF ON ON OFF ON OFF ON Moll
6S0h OFF OFF ON ON OFF ON OFF OrF 658h
660h OFF OFF ON ON OFF OFF ON ON 660h
666h OFF OFF ON ON OFF OFF ON OFF 666h I670h OFF OFF ON ON OFF OFF' OFF ON 670h
676h OFF OFF ON ON OFF OFF OFF OFf: 678h
e60h OFF OFF ON OFF ON ON ON ON 660h
668h OFF OFF ON OFF ON ON ON OFF 68Bh
690h OFF OFF ON OFF ON eN OFF ON 690h I69811 OFF OFF ON OFF O~I oN OFF OFF 698h
IlAOh OFF OFF ON OFF ON OFF ON ON 6Mh
GA8h OFF OFF ON OFF ON OFF ON OFF 6A8h
680h OFF OFF ON OFF ON OFF OFF ON 680h
688h OFF OFF ON OFF ON OFF OFF OFF 688h I600h OFF OFF ON OFF OFF oN ON ON 6Coh
606h OFF OFF ON OFF OFF ON ON OFF 608h
600h OFF OFF ON OFF OFF ON OFF ON 600h
60Sh OPF OFF ON OFF oFF oN OFF OFF 608h
6Eoh OFF OFF ON OFF OFF OFF ON ON 6EOh
GEeh OFF OFF ON OFF OFF OFF ON OFF 6E611
GFOh OFF OFF ON OFF OFF OFF OFF ON 6FOh
6F8h OFF OFF ON OFF OFF OFF OFF CFF BF8h
700h OFF OFF OFF ON ON ON ON ON 700h
706h OFF OFF OFF ON ON ON ON OFF 708h

i'f<
71011 OFF oPF OFF ON ON ON OFF ON 71011
71Bh OFF OFF OFF ON ON ON OFF OFF 71811
'120h OFF OFF OFF ON ON OFF ON ON 720h
726h OFF OFF OFF ON ON OFF ON OFr: 72811
73011 OFF OFF OFF ON ON OFF OFF ON 730h
736h OFF OFF OFF ON ON OFF OFF OFF 738h

'1
74011 OFF .oFF .oFF ON OFF ON ON ON 740h

," 748b OFF OFF OFF ON OFF ON ON OFF 74611

h;
760h OFF OFF OFF ON OFF ON .oFF ON 750h
7GBh OFF OFF OFF ON OFF ON OFF OFF 75811
76011 .oFF OFF OFF ON OFF OFF ON ON 76011

"fi 7seh OFF OFF OFF ON OFF OFF ON OFF 768h
770h OFF OFF OFF ON OPF OFF OFF ON 77011
776h OFr: OPF .oFF ON OFF OFP OFF OFF 770h
703Oh OFF OFF OFF OFF ON ON ON ON 76011
7Mh OFF Or:F OFF .oFF ON ON ON OFF 168h
79011 OFF OFF OFF OFF ON ON .oFF ON 790h
798h OFF OFF OFF OFF ON ON .oFF OFF 796h
7AOh OFF OFF OFF OFF ON OFF ON ON 7AOh
7A6h OPF OPF OFF OFF .oN .oFF ON OFF 7A811
780h OFF OFF OFF OFF ON OFF OFF ON 780h
786h OFF .oFF .oFF OFF oN OFF OFF OFF 788h
7.0011 Cr=F OFF OFF OFF OFF ON ON ON 7eOh
708h OFF uFF OFF OFF OFF ON ON OFF 70eh
70011 OFF OFF OFF .oFF .oFF ON OFF .oN '700h
7DBh OFF OFF OFF OPF OFF ON OFF OFF 70Bh
7EOh OFF OFF OFF OFF OFF OFF ON ON 7'OhJ7EBh OFF OFF OFF OFF OFF OFF ON OFf" 7EBh
7FOh OFF' OFF OFF OFF OFF .oFF .oFF ON 7FOh
7FBh OFF OFF OFF OFF .oFF OFF OFF OFF 7Fah
..=--. ___.·..._~-=--_..~~___M. ____ ...--.:-------__.. _____

TAble 4: Base Address Switch Settings (continued).
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400h OFF ON ON ON ON ON ON ON 400h
40811 OFF ON ON ON oN ON ON OFF 408h
410h OFF ON U,-I ON ON ON OFF ON 410h
41811 OFF ON ON ON oN ON .OFF OFF 418h
420h OFF ON ON ON oN OFF ON ON 420h
428h OFF ON ON ON ON OFF ON OFF 428h
430f OFF ON ON ON oN OFF OFF ON 430h
438t OFF ON oN ON ON OF'F OFF OFF 438h
440h C"t=F ON ON ON OFF ON ON ON 440h
44Bh ,FF ON ON ON OFF ON ON OFF 448h
450h OFF ON ON ON OFF ON OFF ON 450h
45011 OFF ON ON ON OFF ON OFF OFF 458h
46011 OFF Ot4 ON ON OFF OFF' ON ON 460h
468h v,~F ON ON ON OFF' OFF ON OFF 468h
410h OFF ON ON ON OFF OFF OF'F ON 470h
478h OFF ON ON ON OFF' OF'F OF'F OFF 478h
480h OFF ON ON OF'F' ON ON ON ON 480h
488h OFF ON oN OFF ON ON ON OF'F 488h
490h OFF ON ON OFF ON ON OFF ON 490.h
498h OFF ON ON OFF ON ON OFF oF'F 4sah
4AOh OFF ON ON OFF ON OF'F ON ON 4ADh
4ABh OFF ON ON OFF ON OFF ON OF'F' 4ABh
460h OFF ON ON OFF ON OFF OFF oN 49Dh
498h Of"I" ON ON OFF ON OFF O!"F' OFF 498h
400h OFF ON 01-1 OFF OFF ON ON ON 4COh
406h OFF ON ON OFF OFF ON ON OFF 4C8h
400h OFF ON ON OFF OFF ON OFF oN 4Dah
408h OFF ON ON OF'F OFF ON OFF OFF 4Dah
4EDh OFF ON ON OFF OFF OFF ON ON 41:Dh
4E8h OFF ON oN OFF OFF OFF ON OFF 41:8h
~Fo.h OFF ON ON OFF OFF OFF' OFF ON 4Foh
4F6h OFF ON ON OFF OFF OFF OrF OFF 4FBh
500h OFF ON OFF ON ON ON ON ON 50Dh
5D6h OF'F ON OFF ON ON ON ON OFF 508h
5tDh OFF ON OFF ON ON ON OFF ON 51ah
5113h OFF ON OFF ON ON oN OFF OFF 51Bh
52Dh OFF ON OFF ON ON OrF ON ON 52ah
52811 OFF ON OFF ON ON OFF ON OFF 528h
530.11 OFF ON OFF ON ON OFF OFF ON 53Dh
~3eh OF'F ON OFF ON ON OF,= OFF OFF 53811
540h OFF ON OFF ON OFF ON ON ON 540.11
548h OFF ON OFF Ol~ Of'F ON ON OFF 548h
55Dh OFF ON OFF ON OFF oN OFF ON 560h
55611 OFF ON OFF ON OFF ON OFF OFF 55BI1
56ah OFF ON OFF' ON OFr: OFF ON ON 560.11
56Bh OFF ON OF'F ON OFF' OFF ON OFF 568h
57Dh OFF ON OFF ON OFF OFF OFF ON 57o.h
578h OFF ON OFF ON C"'F OFF OFF OFF 576h
cach OFF ON Oi"'F OFF O~l ON ON ON 580h
5eah OFF ON OFF OFF ON ON ON OFF 5eah
590.11 OFF ON OFF OFF ON ON OFF ON 59Dh
59Bh OFF ON OFF OFF ON ON OFF OF'F 59811
5ACh OFF ON OFF OFF ON OFF ON ON 5ACh
5Ash OFF Ol~ OFF OFF ON OFF ON OFF SABh
58ah OFF ON OFF OFF ON OFF OFF ON 58Dh
598h OFF ON OFF OFF Ol~ OFF OFF OFF S98h
SCDh OFF ON OFF OFF OFF ON ON ON 5CDh
scsn OFF ON OFF OFF OFF ON ON OFF S08h
6Dah OFF ON OFF OFF OFF ON OFF ON 50ah
5D8h OFF ON OFF OFF OFF ON OFF OFF 508h
5EOh OFF ON OFF OFF OFF OFF ON ON 6Eoll
6E8h OFF ON OFF OFF OFF OFF ON OFF 5EBh
5Fah OFF ON Or-F DFF aFF OFF OFF ON 5FDh
5F8h OFF ON OFF OFF OFF OFF OFF OFF SF8h

Table 4: Base Address Switch Seltlngs (conlinued).
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200h 01 OFF ON oN oN ON ON ON 200h
208h a OFF ON ON ON ON ON OFF 208h

II210h 01, OPF ON O~I ON ON OFf ON 210h
218h ON OFF ON ON ON ON OFF OFF 218h
220h ON OFF ON ON ON OFP ON ON 22011
22811 ON OFF ON oN ON OFF oN OFF 228h
230h ON OFF ON ON ON OFr- OFF ON 23011

It
238h ON OFP ON ON ON OFF OFF OFF 23811
240h ON OFF ON ON OFF ON ON oN 24011
248h ON OFF ON ON OFF ON ON OFF 24611
25011 ON OFF ON ON OFF ON OFF ON 25011
258h ON OFF ON ON OFF ON OFF OFF 258h

"

260h ON OFF ON ON OFF OFF ON ON 260h
268h ON OFF ON ON OFF OFF ON OFF 268h
270h ON OFF ON ON OFF OFF OFF ON 270h
278h ON OFF ON ON OFF OFI: OFF OFF 27811
280h ON OFF ON OFF ON ON ON oN 28011

II288h oN OFF ON on: ON ON ON OFF 288h
290h ON OFF ON OFi' ON ON OFF ON 29011
29Bh ON OFF ON OFf oN ON OFF OFF 29811
2AOh ON OFF ON OFF ON OFF ON ON MOh
2A811 ON OFF ON OFF oN OFF ON OFF 2A8h
280h ON OFF ON OFF ON OFF OFF ON 28eh

II288h ON OFF ON OFF ON OFF OFF OFF 286h
20011 oN OFF ON OFF OFF ON ON ON 2001-1
20Bh ON OFF ON OFF OFF ON ON OFF :lOBh
200h ON OFF ON OFF ors ON OFF ON 200h
20Bh ON OFF ON OFF OFI~ ON OFF OFF 20BI1

II2EOh ON OFF ON OFF OFF OFF ON ON 2EOh
2E8h ON OFF ON OFF OFF OFF ON OFF 2E8h
2FOh ON OFF ON OFF OFF OFF OFF ON 2FOh
2F8h ON OFF ON OFF OFF OFF OFF OFF 2F6h
300h ON OFF OFF ON ON ON ON ON 30011 I
:)0811 ON OFF OFF ON oN ON ON OFF 30Bh II310h ON OFF OFF ON ON ON OFF ON 310h
31Bh ON OFF OFF ON ON ON OFF OFF 31Bh
320h ON OFF OFF ON ON OFF ON aN 320h
32Bh ON OFf' OFF ON ON OFF ON OFF 328h

,I330h ON OFF OFF ON ON OFF OFF ON 330h
33811 ON OFF OFF oN ON OFF OFF OFF 336h
340h ON OFF OFF ON OFF ON ON ON 340h
34811 ON OFF OFF ON OFF ON ON OFF 34Bh
350h ON OFF OFF or~ OFF ON OFF oN 35011
35Bh ON OFF OFF ON OFF ON OFF oFF 35Bh
36011 ON OFF OFF ON OFF OFF ON ON 360h
36BI1 ON OFF OFF ON OFF OFF ON OFF 36811
37011 ON OFF OFF ON OFF OFF OFF ON 370h
37811 ON OFF OFF ON OFF OFF OFF OFF 378h
3BDh ON OFF OFF OFF oN ON ON ON 3BDh
3B8h ON OFF OFF OFF oN ON ON OFF 388h
39011 ON OFF OFF OFF ON ON OFF ON 390h
39811 ON OFF OFF OFF ON ON OFF OFF 39Bh
3AOh ON OFF OFF OFF ON OFF ON ON 3AOh
Mall ON OFF OFF OFF ON OFF ON OFF 3AOh
3BOh ON OFF UFF OFF ON OFF OFF ON 38011
38Bh ON OI=F OFF OFF ON OFF OFf' OFF 3Bah
300h ON OFF OFF OFF OFF ON ON ON 300h
308h ON OFF OI'F OFF OFF ON ON OFF 30Sh
300h oN OFF OFF OFF OFF ON OFF ON 300h
308h ON OFF OFF OFF OFF ON OFF OFF 30Sh
3Eoh ON OFF OFF OFF OFF OFF ON ON 3EOh
3EBh ON OFF OFF OFF OFF OFF ON OFF 3ESh
3FOl1 ON OFF OFF OFF OFF OFF OFF ON 3FOh
3FBh ON OFF OFF OFF OFF OFF OFF OFF 3FBh

Table 4: Base Address Switch Sailings (oontlnued).
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Oh ON ON ON oN ON ON ON ON oh
8h ON ON ON oN ON ON ON OFF 81i

1ali oN ON ON ON ON ON OFF ON 10h
18h oN oN ON ON oN ON OFF OFF 18h
.20h ON ON ON ON oN OFF ON ON 20h
iSh ON ON ON oN ON OFF ON OFF 28h
30h ON O~I ON oN oN OFF OFF ON 30h
38h ON ON ON oN ON OFF OF~; OFF 3Bh
40h ON ON ON ON OFF ON ON ON 40h
4.BI1 ON ON ON oN OFF oN ON OFF 4Bh
50h ON ON ON oN OFF ON OFF ON 50h
Ssll ON ON ON ON OFF ON OFF OFF sah
Goh ON ON ON ON OFF OFF ON ON Goh
G8h ON ON ON ON OFF OFF ON OFf' 68h
70h oN ON ON ON OFF OFF OFF ON 70h
78h ON ON ON 0N OFF aFI" OFF OFF 7sh
BOh ON ON ON OFF ON ON ON ON 80h
G8h ON ON 0N OFF ON ON ON OFF 88h
90h ON ON ON OFF ON ON OFF ON 90h
96h ON ON ON OFF ON ON OFF OFF 98h
Aoh ON at-I ON OFF ON OFF ON ON AOh
Ash ON ON ON OFF ON OFF ON OFF A8h
BOh ON ON oN OFF oN OFF Or-F ON Boh
138h ON ON ON OFF ON OFF OFF OFF B8h
COh ON ON ON OFF OFF ON ON ON COh
csh ON UN ON OFF OFF ON oN OFF OBh
Doh ON ol~ ON OFF OFF ON OFF ON DOh
D8h ON ON ON OFF OFF ON OFF OFF D8h
Eoh ON ON ON OF-F OFF OFF ON ON EOh
I:eh ON ON ON OPF OFF OFF ON OFF ESIl
FOh ON ON ON OFF OFF OFF OfF ON FOh
F6h ON ON ON or- OFF OFF Of'F OFF F61l
100h ON ON OFF ON ON ON ON ON 100h
106h ON ON OFF ON ON ON ON OFF 108h
110h ON ON OFF ON ON ON OFF ON 110h
116h ON ON OFF ON ON ON Of'F OFF 11811
12011 ON ON OFF ON ON OFF ON ON 120h
128h ON ON OFF ON ON OFF ON OFF 128h
130h ON ON OFF ON ON OFF OFF ON 13011
13Sh ON ON OFF ON ON OFF OFF OFF 139h
140h ON ON OFF ON OFF ON ON ON 140h
149h ON oN OFF ON OFF ON ON OFF 14Bh
150h ON ON OFF ON Of'F ON OFF ON 150h
156h ON ON OFF ON OFF ON OFF OFF 158h
160h ON ON OFF ON OFF OFF ON ON 160h
l66h ON ON OFF ON OFF OFF ON OFF 168h
17011 ON ON OFF ON OFF OFF OFF ON 170n
178h ON ON OFF ON OFF OFF OFF OFF 176h
160h Ol~ ON OFF OFF ON ON ON ON 180h
laah ON ON OFf' OFF ON ON ON OFF 168h
190h ON ON OFF OFF ON ON OFF ON 190h
198h ON ON OFF OFF ON ON OFF OFF 198h
lAOh ON ON OFF OFF ON OFF ON ON lAoh
lA8h ON ON OFF OFF ON OFF ON OFF IA8h
Weh ON ON OFF OFF ON Ot=F OFF ON 180h
1138h ON ON OFF OPF ON OFF OFF OFF 188h
100h ON ON OFF OFF OFF ON ON ON 100h
lC8h ON ON OFF OFF OFF O~I ON OFF j06h
jDoh ON ON OFF OFF OFF ON OFF ON lDOh
108h ON ON OFF OFF OFt= ON OFF OFF lD8h
lEoh ON ON OFF OFF OFF OFF ON ON lEOh
lE8h ON ON OFF OFF OFF OFF ON OFF iE8hlFOh ON ON OFF OFF OFF OFF OFF ON lFOh
lF6h ON ON OFF OFF OFF OFF OFF OFF lF8h

Table 4: ease ,1ddres$ Switch Sellings,
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Bit2:

Bit 1:

BitO:

Group B mode select: This hit sets the mode of the group B ports. These arc port B
and the lower four lines of port C. The bit combinations are as follows:

Note that group B can only be used for simple or strobed I/O.
Port B I/O Mode: If this bit is set, then port B functions as all input. 1£ it is 0, then
port B is configured as an output.

Port C l-ower I/O Mode: If this bit is set, then the lower [our lines of port C function
as inputs, If the bit is D, then the lines become outputs.

Bit Set/Reset Mode - Invoked when bit 7 is clear

Bits 6-5 :

Bits 3-1 :

Bit O :

These bits have no effect in Ihis function.
Bit Select: these bits select the bit in port C which is to be modified. A code of 000
selects port Cline 0 to set or reset, 001 selects line 1 and so on up to III which
selects line 7.
Set/Reset: This bit specifics the state into which the selected port C line will be
placed. Writing a 1 will make the fine go high and a 0 makes it go low. This
operation has no effect on the other lines of port c.

III
II
111
II
111
111
III
111
II
I
II
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DIOCTRL • Control register of the 8255 (ottset 3, write only)

This register is used to control the operating modes of the 8255 or to set and reset individual bits
in port C of the device. The layout of this register is shown below. Note that the function and bit
names of the register depend on the setting of bit 7.

DrOCTRL Register - configuration Mode

Port B
rIo Dir

Group A
Mode
Selection

Port C
upper
rIo Dir

Port C
Lower
I/O Dir

Mode Set
Flag

Port A
I/O
Direction

Group B
Mode
Selection

DIOCTRL Register - Bit Set/Reset Mode

Bit set/
Reset Flag

Set/Reset

Bit 7 : Function select: If this bit is set when the register is written to then the register is in
configuration mode. If the bit is 0 then the register is in bit set/reset mode.

The functions of the remaining bits are described below, depending 011 the setting of bit 7.

Configuration Mode - Invoked when hit 7 is set

Bits 6-5 : Group A mode select: These two bits set the mode of the group A ports. These are
port A and the upper four lines of port C. The bit comblnations are as follows:

",',

Mode 0, simple I/O
Mode 1, strobed I/O
Mode 2, bidirectional bus

Bit 4: Port A I/O Mode: If this bit is set, then port A functions as an input. If it is 0, then
port A is configured as an output.

8it3 : Port C Upper I/O Mode: If this bit is set, then the upper four lines of port C function
as inputs. If the bit is 0, then the lines become outputs.



Ct'iteria for Selection

Checldist
page 3.2.26

Enquit'y/Order Form
page 3.2.27

3,1,6

ThG following factors should be considered
In tile selection of Ihe ball screw assembly
required for a given appllcatlon:
- degree of accuracy required
- permissible clearance or deslred preload

(single or double nut)
- In-service load conditions
- deslrecl life
- crltlcal , "Jed
- buckllnj; load
.• stiffness

The following points should be observed
wfth a view 10 findfng the optimum ball
screw assembly from ihe polnl of view of
design and economy:
• Ihe lead's a decisive factor affectin,j the

load-carrylnq copacllv (via tile maximum
possible ball diameter) and lhe drive
momenl required;

tI calculation of travell!fe should be based
on average loads and average speeds
and not on maximum values;

To enable LIS to find the ball screw assembly
tl1a1best suits your applicalioll, please (iiI
In the Checkllst at tho back of this brochure.

• to help liS find a cuslomized solution,
enclose lnstallanon drawings or
sketches of the vicinity of the nut with
your enquiry;

• no speolal bearings are required (or ball
screw assemblies; bearings as [or plain
spindles will suffice, At least one bearing
must be capable of tailing up axial thrust
forces. Where high stiffness Is required,
we recommend the use of combined
radial and thrust bearings;

«; the screw ends w!ll'be machined (0 the
customer's spHclllcations. The diameter
of the screw ends should match the
recommended otrnenstons for the end
supports. Enclose a drawing wilh your
enquiry.

• rl'dlal and sccenlrtc forces relative to
the screw muot be avoided, as they
reduce the lifo and adversely alfeotthe
luncllonlng of the ball screw assembly.

Please mark any q'Jestions you are unable
10 answer and any data you would like us to
fi/lln.

STAR Drive Screw
Nominal diameter , . , . , , , , ... , , ... , , , , ... , . , ., d, ""
Lead 0 rlgllt·handtllread 0 ieft·handthread .. ". P ",

mm
mm

25jJm ~50 pm
100 pm
21)0 pm

5pm\~\
, 1O,pm.\

,l. 25 ~rii
50 urn

Preclslon ..rolled quality " I •• , I • , • I • , , ••• I , I •• ,. IJ. p;,O() t!;!

Ground qual\ly ,.",. I ••••• I ••• I ••• I I •• , •••• I fj, p')OO - ..

, \

\ \ ,; \, II', "
Overall length , . , . , , , , , \. " \ .. ,. \' \ L ee mm
Threaded length, ... , .. , f. ;, . . . .. \ ' , . '.. LI =~ "".",~,~".~" 111m
STARNutType .. " .. , .. ., '. Rerdrencf)number t512-0-1 1 1 I.J

, , 1532 - O-OID
I " 1502 .,0 -I I I 1 1

MachlQlng br screw ends ... " ... ', .. ends not machined ~
ends annealed c=J/c=J rnrn
to customer's drawing
standard

Please observe end bearing and support recommendations 1

STAR End Bearing, , . , , ... , . .. Reference number 159B-B-I-[- ...I.....j..I.....j..I-1
Direction of mounting of nut: iTI(1L1nlingdiu 01 towards fixed end D

towards (loaling·booring end D
STAR Housfng fo,' Ffanged Nut. " ReferencOl1umber 1506 - 0-ITJ=rJ



Product Range Nomillal
dla.

~oad P MIII·cUI LOad P
(mOIl longlhsCD (Il1mj

~,6 In 16 20 25 32 40 (111m) 10 20

• 3000-3500
e 3000-3500

• • 3000-3500 8

• • 3000-3500 ..
• c • 4600-5000 • •
(6) • • • 4500-5000 • •
~ • • • 4500-5000 • •
• 0 • ~ 6000-5900 It It

• • • 5500-6900 • e

• • 5500-5900 II •• •
f'I •

Mal(. scrol'/
lonUl1i ImmlScrew lengths

screw diameters
Leads

(01011

da
8

12
16
20
25
32
40
50
63
80

100
125

1000
1200
1600
2000 ,

4000 f,
4000
5000
8000
6000
6000

Tobl(ll

The nominal diameters and leads are
standard to DIN 69051, Part 2, and
ISO 3408-2 (Draft).

Standard: Right-hand mread

Other leads, dlarneters and screw lenqths
can be manufactured on request. Please
contact us for delalls,

(il The ends (about 150 to 200 mm)
are marked 10 show thallhey are not
necessarily 10 tolerance.

Acceptance
conditions

Pall §crol'/8iIOOlbiV Claas Accumilialod load dovlallon API,I lI~ml
om scrol'/Ionolh Ilr,mill .

300 000 900 120Q 1600 2000 3000·
Orol/nd TJlrond 5 6 8 11 13 15 19 25

10 10 16 22 26 31 38 60
25 26 41 54 66 77 94 125
60 50 Bl lOB 132 '154 189 260

Proclslon·Roliod 25 25 60 75 100 125 167 260
Thtoad 60 50 100 160 200 250 333 500

100 100 200 300 400 500 666 1000
200 ?DO 400 600 800 1000 1333 2000

Accuracy classen

Tobia 2

The accuracy classes given In ihe table correspond roughly 10 Ihe following tolerance
classes to DIN b9051 Part 3:

Class 5 ( 5 pm/300 mrn) "" tolerance class 1
Class 10 ( 10 pm/300 rnrn) "" tolerance class 3
Class 25 ( 25 prn/300 rnrn) "" tolerance clase 5
Class 50 ( 50 pm/300 rnrn) ~ tolerance class 7
Class 200 (200 prn/300 mm) "" tolerance class 10

Further purchase specifications to DIN 69051 Part 3

Machining of
screw Ends

Preolslcrt-Rolled Thread
- flol machinod
- ends son annealed
- standard screw ends
- to customer's drawing .

stane/arc! end supporls and housings

Ground Thread
.• always to customer's drawing

8.t5



General

ISO/DIS 3408-1 (Draft
International Standard)
deflnes a ball screw
assembly as follows:

Advantages over the
conventional Acme
screw drive

HAn assembly comprising a ball screw shaft and ball nul and which is
capable of converting rotary motion to linear motion and vice versa.
The roiling elements of lhe assembly are balls."

•• The rnechantcal elllclenoy of the ball
screw assembly is up to 98 % by
comparison with a maximum of 50 % ill
the case of Ihe Acme screw drive4. hlgr1er life expeclancy 1110111<s10negligible
wear during operatlon

«I> less drive power required
«t no stick-slip ellect
It more precise posiliol1inn
I!) higher irave: speed
II less Ileal-up

Because of their high mechanical efficiency,
ball screw assemblies are not selt-locklnq.

I.ODd a/lglol"}_

Field$ of Application 8all screw assemblies have an excellent service record throughout
the world in the following aopticatior-s:

3.1.4

Machine 1001 en(linoorll1\l

(30nernl meohnnlcnl ollolnoerll1(1
- popor"procossltlo mactunes

pncl\onll1t111l0ci1inor,
prilllll19 rrlflchlnos
pl£h1\iCSprOCC:1Slflfl rnachlnes
hnncJlinq maohmes (rohola)
drnwlno mnchlnns
lifllllll units (e.n. car lins)
valve acluaiors

Steel indusuv
- smelling plonl
- slob lillin(.l prant

AUIOflJobilo industry
sloorinu \JP<lr'l

Hoaclor lect1ll()lo~JY
,~ reluelllnq mnchlnes
... control rod drive mechantsrns

Aimmrt il1(Juslry
ft' alrernlt lam,Jing flApS
- (lirporttecilnology
" totosconlc Iloist spindles lor

lonrJlnq equipment

MncJicnitocl1l1oloqy
.. X·my apparalus
- mdi:Jthernpy dovtcos
- hospital bnrfs

SOlnnphoro tocl HloloOY
. 8iqnnl .HIll Ill()V0Il101Itn



Bh(Jr! 1IllilililUll1

[;;,tnHlIlH')ot:il runnlnn thanks
to tnnOlHltinf llft-ott of the balls
from tho load-carrylnq track
wlthln n (lln~llo, fully enclosed
lHlJl cirollit.

(~llIIIPHl;1 tlllsiUll

f'Jll III'llllldillll 11,111:,
IllCillldlll!llllilllllll.; 11111'111"1,;111

"~11.8



STAR 8all Screw Assemblies open up new potential in screw
drive syetern design and application.
They are manufactured to the same i1igh quality standards
at STAR In Germany and at S rAR's French subsidiary. Users
benefit from STAR's know-how and decades of experience
with anti-friction linear motion systems, from development to
series-production,

For Instance to replace the costly double-nut arrangements
conventionally used In many applications,

STARAdjustable-Preload Single Nuts

• Reduce system deslcn cost
• Provide off-tile-shelf availability:

Ball Screw and nut need not be made to suit.

Large number of recil'()ululilHJ balls
gives hlgllload-cal'l'yil1~J capaclly.

Alfnilnllin nl nlll1ll Ilnlico

~;"lr)f)ill oulor :,11(111;
illh 11'1[ IH,IlII~r:ilculnlit!ll
"V~df'lll ''''illl plflciniull
"l(JI!I,lf;rllrnll'dtilJl1 llnc:!;
fot (~!lII~:i~;I(>lIllyflllloolfl
(l!J('lnlinl1.

--------~~----------------------~--------------------------.--------
3.1,2
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--------------------------,----------------BASE+9 16C54 time base and Interrupt control __ ~ _
nit 07 06 D5 D4 03 D2 01 00
ValUe NA NA NA NA DIITIMER T·BASE2 T-BASE1 T-BASEO

T·BASE 2, 1,0 16C54 time base control

o 0 0 0.1 msecond time base

o 0 1 1msecond time base

o 1 0 10msecond time base

o 1 1 100msecond time base

1 0 0 1 second time base

DlfflMER Interrupt by DIl or timet control

o Interrupt by DIl

Interrupt by timer

BASE+10 16C54 divider control
BII D7 06 05 D4 n3 D2 D1 t.lO
Value DIV7 DiVe DIV5 DIV4 DIV3 DIV2 DIV1 DiVO

.---------------------------- ..........-----BASE+ 12 8259- --------§~:Appendix A
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I3ASE+~ cH1 counter latch source/counter latch on reset
Bit 07 D6 05 04 03 02 D1 DO
Value NA NA NA NA LG 52 S1 50

BASE+4 CH2 counter latch source/counter latch on reset
Bit 07 06 05 04 03 02 01 DO
Value NA NA NA NA LG 52 S1 SO .

SASE+ 5 CH3 counter latch source/counter latch on reset
BII 07 06 05 04 03 D2 01 DO
Value NA NA NA NA LG 82 51 50

82, SI, SO The source of the signal to latch the counter data

o 0 0 S/W read latch data

Index-in latch data

DIOlatch data

Dll latch data

Timer latch data

Reset/do not reset counter value after it is latched

Do not reset counter after it is latched

Reset counter after it is latched

001

010
o 1 1

100

LC

0

BASE+ 6 Counter overflow lock control
BII 07 D6 D5 04 D3 D2 01 DO
ValU9 NA NA NA NA NA OL3 OL2 OL 1

OL3 - OLl Counter overflow lock control
(OL3 .. CH3, OL2 ""CH2, OLl == CHI)

o Counter value locked when counter overflows

Counter continues counting (wraps over) when
counter overflows

36 POL·833 User's Manual

BASE+ 7 Counter reset
BII D7 D6 05 04 03 02 01 00

Value NA NA NA NA NA GH3 GH2 CH1--~--~--~~~~.~~---
CH3 - CHI Reset counter

Reset corresponding counter

o Counter not reset

BASE+8 .'iystem clock source I cascade mode c:.:o::.n:_::tr:_:o::.' _
Bit 07 D6 05 04 03 02 01 DO
Value NA NA NA NA CAS1 CASO SYS1 5YSO

SYS1, SYSO System clock source

o 0 8 MHz system clock

o 1 4 MHz system clock

1 0 2 MHz system clock

11 N/A

CA S1, CA80 Cascade mode

00 24 b~t(no cascade)

o I 48 bit (CHI, CH2 cascade)

IONIA

11 N/A

Chapter5 Register structure and (annal 37



BASE+14 status
Bit 07 06 05 04 03 02 01 DO
Value NA NA NA OIl 010 CH3 ZIN CH2 ZIN CHl ZIN

D2-DO

D3

D4

CH3 ~ CHllndex status.

Digital Input Channel 0 status.

Digital Input Channel 1 status.

BASE+15 8259 INTA register
See App.e:.:.n~d::.:.IX.:..A:___ _

RegiGter forntat (write)
The following table gives the assignment of each of the card's write
ports:

I/O port assignments· Write
Pori Assignment
B:.:.A:.:.S;;;.:E+:..:.O__ C~1-\1mode setU ..;.:l1g::._ ~ _
::.:.BA~S~E+~1__ ~C.H2modes:.:.et::.:.tl~ng~ __
BASE+'2 CH3 mode setting
BASE+3 CHi counter latch source/counter latch on reset
BME+4 CH~ counter latch source/counter latch on reset
BASE+5 CH3 counter latch source/counter latch on reset
BASE+6 Counter overflow lock cQI1trol _
BASE+ 7 Counter reset
BASE+B System clocl< source / cascade mode control
BASE+9 16C54 time base and Interrupt control
BASE+ i 0 16C54 divider control
BASE+i1 N/A----BASE+i 2 8259, SB;:_6 A;..:!p:r:p.:;sn.:.:d.:;IX:.;_A;__ _
BASE+13 8259, see Appendix A
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BASE+O CH1 mode setting
BII 07 06 05 04 03 02 01 DO
Value NA NA NA NA RF M2 Mi MO

BASE+1 CH2 mode setting ----
1311 07 06 05 04 03 O~ 1)1 DO
Value NA NA NA NA RF M2 Mi MD

BASE+2 CH3 mode setting
Bit 07 06 05 04 03 02 Oi DO

Value NA NA NA NA AF M2 M1 MO
M2~Ml

000

001

010

o 1 1

100

1 0 1

110

1 1 I

RF

o

Input mode control

Disable
Quadrature input Xl

Quadrature input X2

Quadrature mput X4

2 pulse input

J pulse input

N/A

Cascade

Reset value
The counter value will be set to 800000 when you
reset the counter
The counter value will be set to 000000 when you
reset the counter
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The PCr...s33 uses 16 consecutive addresses in the PC 1/0 address
space, DIP switch SWI sets the card's base, or beginning address.
Specific I/O ports ate referred to by their offset from the base address.
BASE, For example, the address for the seventh register is BASE+6.

(Register format (read)
The following table gives the assignment of each of the curd's read
potts.

1/0 port assignments - Read
Port Assignment
BASE+O GH110w byte
BASE+i CHi mid byte
BASE+2 CHi high byte
BASE+3 OH1 overllow flag
BASE+4 CH2 low byte
BASE+5 CH2 mid byte
BASE+6 OH2 high byte
BASE+7 CH2 overflow flag

i· BASE+8 OH31ow byte
f BASE·.9 OH3 mid byte
~ BASE+10 OH3 high byte1

i BASE+ 11 OH3 overflow flag
I BASE+12 8259 register, see Appendix A

t BASE+13 8259 register, see Appendix A
BASE+14 Olgltallnput status

F
i BASE+15 8259 register, see Appendix A
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I
BASE+O, 4, 8 CH1, CH2, CH3 tow byte data f
BII 07 06 05 04 03 02 01 00
Value C7 06 05 04 03 02 01 CO

~ASE+1, 5, 9 CH1, CH2, CH3 mid byte data
Bit 015 014 013 012 Oil 010 09 08
Value 015 014 013 012 011 C10 09 08

BASE+ 2, 6, 10 CHi, CH2, CH3 high byte data
BII 07 06 05 04 03 02 01 DO
Vallie C23 022 C21 020 019 C18 017 01G

BASE+3, 7, 11 CHi, CH2, CH3 overrtow
Bit 015 014 013 D12 011 010 09 DB
Value OV NA NA NA NA NA NA NA
OV Overflow flag

Counter overflow has occurred

o No overflow

~<12 8259 register
See Ap( sndlx A

SAse+13 8259 register
See Appendix A

Chapter b HeLl/sic. structure and formal 33



Interrupt function--------~--------------~
The PCL-833 can generate an interrupt to the PC for any of the
following conditions:

I. Counter I overflow

2. Counter 2 overflow

3. Counter 3 overflow

4. Counter I index i..

5. Counter 2 index in

6. Counter 3 index in

7. DIO input

8. DII input

9. Timer pulse

The card's 8259A interrupt controller chip combines these interrupts
into a single PC interrupt, set by jumper JP!. Since the 8259A only
has eight input channels, the DIl and timer interrupts share a single
interrupt line. Bit 3 of write register BASE+9 selects Dl l or timer.

Note that you can use only one of the card's interrupt sources at a
given time, unless you specially program your interrupt service
routine to handle multiple interrupt sources.

You enable the PCL-833 interrupt functions by programming the
card's 8259 chip, accessed through the registers at BASE+ 12 and
BASE+13. You will need to set the chip's interrupt mask register to
exclude all but one of the interrupt lines.

Program the 8259 in 8086/8088 mode, single mode, edge-triggered
mode. In 8086/8088 mode two INTA signals are needed. The PCL-
831, generates the first INTA automatically. Your program generates
the second INTA by reading BASE+ 15. This read returns the interrupt
vector number which caused the request.

The hold time must be at least I usee, after a low-to-high transition of
the interrupt source to ensure that the interrupt occurs.

See Appendix A for more information.
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D11latch
A rising edge on the DII line will latch the counter value for the
channel.

Timer latch
The card latches the counter value on a rising edge of pulses from the
card's on-board timer.

counter reset value----~---------------------
Bit 3 (RF') of registers BASE+O, 1 and 2 control the initial (reset)
value off or each counter.You can select either 000000 or 800000
(hex). When the counter is reset, it will take this value.

When RF == 0, the counter will reset to OOOOOOh.

When RF == I, the counter will reset to 800000h.

Reset after latch
Bit 3 (LC) of registers BASE+3, 4 and 5 determine whether the
corresponding counter will reset to its initial value (see preceding
section) when it is latched.

IfLC == 1, the counter will reset to its initial value when it is latched.

IfLC == 0, the counter will stay the same (keep its previous value)
when it is latched.

Cascade mode
24 bits is enough for most counter applications. If you need to store
larger values, you can cascade the output of one counter into th- input
of a second, giving 48 bits of storage. When the first counter over-
flows, the card increments the second counter.

The PCL-833 lets you cascade ohnnnel l into channel 2 to form a
single 48-bit counter. (Channel 3 \\ illnot cascade.)

20 PCL-833 User's Manual

The mode settings of channell control this 48·bit counter, except that
the setting of channel 2 controls the initial (reset) value.

You set up the 48-bit counter as follows:
1. Set bits CAS! and CASOof write register BASE+8 to Oih.

2. Set eH2 to cascade mode. (Set Bits 0-2 of register BASE+ 1
to"lll".

3. Set the initial (reset) value in CH2,

4. Set remaining modes in CHI.
To read the total value, you must read bot.hcounters. Channell holds
the high 24-bits and channel 2 the low 24-bits.

Timer function-------------------~-----------
The PCL-833's on-board timer lets you monitor counter readings with
extreme accuracy. The programmable timer generate pulses at regular
intervals. The card can latch the readings in its counters and generate
an interrupt to the PC.
You can set timer cycle periods from 1msec. to 255 seconds. The
cycle time is the product of the timer base period and a multiplier,
Timer base periods are 1,10, 100 0)' 1000 msec. The multiplier ranges
from 1 to 255. The divider can range from 1 to 255.
For example, to set a timer period of 20 msec, you would set the timer
base to 1msec and the multiplier to 20. That is:

Timer period = Base period x multiplier
20 msec = 1msec x 20

Set the timer period by programming registers BASE+9 and
BASE+I0.
You can use the timer to latch the counter values andlor to r;enerate an
interrupt to the PC. To use the timer latching set registers BASE+3, 4
and 5. To generate an interrupt with the timer set bit 3 ofBASE+9 and
program the card's 8259A interrupt controller. See the following
sections for more information. .

Chapter3 Operation 21
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STAR Super Linear Bearings
....----------------------------------------------------"--------------------------------------------------r
Direction of load and
its influence on the
load capacity of open
STAR Super Linear
Bearings

Load capacity factors
taand fao

Reduced Load
Capacity in Short-
stroke Applications.

The stated load capacities C and e'l apply
when the load is acting along the line Q '" 0"
as shown In Figures 13 and 14, if the load is
Eh.:tingIn any other direction. these load
capacities must be multiplied by tile laotor
fa (for dynamic load capacity C) or faD
(for static load capacity Co).
Sizes 12 and 16

The reduction In load capacity can be
minimized by selective circumferential
posluonlnq of 1118STAR Super LInear
Bearing (see STAR LInear Set wilh Side
Opening, pages 25 to 27).

Sizes 20 to 50

r:lgure 13

In ahorl-slroke applications, the service Ilfe
of Ihe shafts is shorter lhan Ihat of the
STAFI Super Linear Bearings,

For tills reason, the load capacities C given
In Tables 1 and 2 must be multiplied by the
factor fw (see Figure 15).

Figure 14

I '

/r,'Plr}I{IIIIII) -
. ~..---.- •.".••.•~.I

Figure 15



~------------.
separate Seals TI~e seal and holding rings can be used to give STAR Super Linear Bearings add mona I

axial retention.
The choico o( seal depends on the lengtll of tho houslnq bore. The (ollowing are examples of
sealing arrangements for various bore lengths.

Material: Wiper-type seal ring made Of polyurethane elastomer ••. Iotal case made of steel, holding ring
made of polyamide 6.

Important to mountlnq: To prevent damage to the holding rlnns, these must not be allowed to till during mounting.

Bore. length > B Seal with Metal Case (closed type)~-------------------~'--~Relqrence No,
Supor uncer Bomlng

._. r!jl.~".", ,,,co" .:XilliL c ••• ,.
haal 2seuls

Spares:

. §ealr!IIl1_ •• 0."M~!~~naq)I:J..
mataloase

Dimensions(mm)

d ••ft~I'"'-_:iIL"",.;;~[,
+0,3

0", Super linear Bearing
2 "" Super Linear Bearing, Type S

Table 7

Soul with Metul Casa (opert type)

. b
RoferoncaNo,

Sup~r unonr 130arlng

,._.",:ti!I~,~,.",c+:L~..,....~~I!lL.'" ....
1soal :1seals

Dlmonslons (rnrn) Anolo (')

,.;.",c"..~..,:",",",,"z\:~.!;~,u~;~"''''':·:':''''''"':'';l,cg""::~ ...~!,~:,L~~~~;",~J1~..~'
Sparoo:

62

067,·'112..0Q 067."212.00
061.-11$.00 067.-216-00
0$7;"120-00 067.-220-00
067.-125-00 067.·226-00
067.·130-00 01)7.-230-00
06;.-140·00 067.-240-00

L..- l.-::!'Oa~::160-00 062;::2;..:5",,0-.;:0:,.0-.1._

Figure 11 E' . :_ ,,-- 1 '" Super Linear SearinG, open
~ . 3 " Super Linear Bearing, Type S, open

Seel with HoldIng Ring (olosed type)

W;lH1g-60
1331-71('l-50
1~31-7?O-60
1331-725-50
1:3qH30~50

16 26 (3 66
" 2'9, ' "'h~~:':,::'::~;:(' {{i::~,

... ~J.j~. .,._;.>'_~_wfl ..i._·.............!l,.;~~~f.~;,\1l.i..:..t
40 .,4 57
.At ),.,,::L_L3§L

40 66

Table a
Bore length"" B,
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STAR Super Linear Bearings

Open type with
all-round seal
For dimensions, load
capacities and radial
clearances, refer to Table 2
on page 4,

Fr'iction

Speed and
Acceleration
(£II approx. 20QC)

Permissible Operat-
ing Temperatures

Load Capacity and
Direction of Load
(closed type)

Figum 9

8

Table 4£1

The coefflclenl of frlcllon J.l of oll-Iubrlcated
STAR Super Linear Bearings wlthout seals is
0,00 I .. 0.0025.

The coeiflclent of friction Is at its lowest
Linder heavy loads; conversely, under tow-
load conditions It may be somewhat higher
than the range given above,

---.----------,

Figure 8a

Table 5 \JIves Ihe frlclional reslslanoe of STAR
Super Linoar Bearings with seals at both
ends but without ratllalloadln~J. The frlclional
resistance Is a fUllclion of speed and
lubrication. Table 5

vl11nx ==3 m/s
amnx=150m/s2

Please contact us for lnlorrnallon 011
higher speed and acceleration levei~,

Linear bearings without seals: LIP to '100°C,
Linear bearings with soals: up to 100°C.

The load capacity rallngs given In table 1
(page 4) refer 10 condlllons whsn 1110llnear
bearing Is In tho "minimum" posillon relative
to the dlrecllon ol loadlnq (fig. 9) and
should be uocd In all calculations.

In applications where the direction of load Is
exactly known and where tho linear bsartnqs
can b(l mounted In the "maximum" position
(Fig. 9), the 10lld capacity rating may be
multiplied by tile factor fmn, (dynamic load
capaclty C) or f mnx (static load capacity Co)
from 1hble 6.

Load capacity factors fm'" and fo mD.

Shaft
diameter
(mm) Imux. 10 max.

10, 12, 16, 1,26 1,46
20. 26. 3D, 40 1,09 1,28

Table 6



without Self-Alignment Feature / Type B

This type likewise affords
3 times the load-carrying
capacity or 27 limes the
service life of STARStandard
Linear Bearings. Because the
surfaces of lhe steel bearing
plates are plane, however,
the self·alignment foature
does not apply.
The designer w()Ghas no
need for 1I11s special feature
can sill! lise this type of STAR
Super LInear Bearing to gain
all the other advantages
described on pages 2 and 3.

Type B, Closed

21 Fer snpnmto 00010 rllior 10 pOuu 1,

Type B, Open
Fordimensions, load capac-
ities and radial clearances,
rofer to t'1bl(,2 on page 4.

1-~"':'=m~ft¥nt121<~-"I

--', ".~ , ", '

-,~-, 81 ._-_
_._ ..._._ B _,,--....,.,.'_,"

Figura 5

Roforonco Numbor
Wllhou! W'"lloto~ml d
seal seals (nun)

06712·010·00 0672-.10·40 10
0672·012·00 0672·,12·40 12

oaig·I'1I.'H)O 0($12·,16·40 16
0672·020-01) 0672,,20·40 20

0672·026·00 Ofl72~,?5·40 25

0672·030·00 0072,,30·40 30

0672·040·00 0672·,40·40 40

......0672.0~0·00 0672·,50·40 50

Tabla 3 1: 1 "" wUh 'I soal
:2 "' with 2 seals

Flouro 7

Referonco Number

Wllhou! )'Iilh Inlogrnl d
so(l1 Bonis~I (mOl)

0673·012'00 0673-,12,40 12
0673·016·00 0673-,16·40 16
0073-020·00 0613·,20·40 20
0673·025·00 0613·,26-40 25
067:].030-00 0673·.30·40 30
0673·040·00 0673-,40-40 40
0673·050·00 0673·.50·40 50

Tnlllo4 1: 1 '" wilh 1 soul
2 '" with 2 sears

Flouro ()

Figura8

7



STAR Super linear Bearings with Self-Alignment Feature

.pa7thtiib~g6 . 0610;110'10 M10·l'l10·40
0670·01:1·00 0610·112·40 0670·212-40
7~6~~tffi!-~b-':'(ig:'b·{ia.4d.,.0670·2111·4d
0610·020-00 0670·120·40 0670·220·40
,:tm16;tl~~:W""067d~12~"400670·225·40
0610·0S0.QO 1.)670·130·40 0670·28040
'6~7d:~B·o6'0970.146:40 0610'240·40
~p50·00 067(,·150·40 0~6.:.;70::..'2=:5::.::0~·4~0--l-'=_.!,.;:_-..:.::::...--=-::...J...
Table 1 2) III ohOlI·ollOllO nnoucauone. plonno ohnm 10 rooucH",' laclor Iw ir(JIII pogo a. lig. 16.~iFor oopnrnlo 00010rolet 10pago 7.

Closed ''Ype
When this type Is used,
tile sell·allgnment feature
requires two STAR Super
Linear Bearings to be
mounted on at leasl aile of
1/1E! shaUs of the assembly,

Open Type
STAR Shaft Slipport Ralls are
available for all Shaft diameters
(refer to pages 38 to 44,
tables 1 to 4), The user may
also use the muting dimensions
given In the tables to design his
own shatt supports, When this
type Is used, the sell-allqnment
feature requires two STAR
Super Linear Bearings to be
mounted on at least one of the
:;hafls of the assembly,

tall 30' "" 0,0087

(·"c;,,·.·o@RftfiiiffiRliRL :'i~"i'\ '!
::fs'~k~"~-'--'"-'--"~,~"~,~d 0~".\,~©,o~----- ,__.,:},~."~",;""_,,,,l j

" !I:
.. ~, '."~"I ")'.~'~" ,""',-:" " ...... _~' ...._••'""_'.r-"'. __ <'-"' .... ;,-_..- .•

--'-- 8t ..",,--
-,.'.,,..,."-.-,8 -_.....,.._..,.

Figura 3

Dimensions (mm) No,of Load Radial Clearance (urn) Weight
cl /) 13 131 ball Capacities (N) (sholl/bore)

circuits dyn. atat,
~~0,2 '1-0,2 C2i C• h7/117 h7/JS7 116/JSG h6/KG (1<9)

10 '19 2e i9 5 500 390 tOO +20 :!:~o +15 0,017+0 ~2 -0
12 22 32 20 5 650 520 140 1·00 +~I +10 0,023+0 ··2 ·1 ,,6

16 2S 36 22 5 aoo aso +40 +G~ fQl 4·10 O,02E!"0 ~2 -I ~O
20 S2 45 28 6 1500 1250 '145 +30 +20 +16 0,0611·0 4 -3 -0
25 40 58 40 6 2500 2200 +4S +33 +23 +ie 0,122+0 -4 -3 -0
30 47 68 48 6 3200 2800 1·4ti +33 , 23 +10 0,185fD -4 -3 '0

40 62 80 56 6 5500 4900 .. eo +06 +25 :l~0,360+0 -7 -5
50 75 100 72 6 8600 7100 1·50 +35 .1~5 ~l? 0,580+II -7

Figure 4

Roferenco Number Dimensions (111m) Anglo No.of Load Rudlnl cloaranoe (11m) Walght
J1'?Wl1J1;r~IjT:;Tw!iHond·"·'" "Wllh lwe d b a 131 1:4) 1.1 ball Cap. (Wi (shaIUbore)

circuits dyn, atat.
sool 6(013) Beals') :);0,2 +0,2 n C~) Co hUH7 h7/JS7 h6/JS6 116/K6 (I<g)

Oa1i.o.Oi~·bt), oa1H i2·4b oatHW!-40 12 22 32 20 6,5 66 4 750 600 ~:go +30 +21 :!:t6 0,018-2 -I

0671·016·00 0671-116·40 0671·216·40 16 26 36 22 9 68 4 920 730 i'40 +30 +21 +16 0,022·0 -2 -I -6
Ciai1".{l2"o,cio.· 0671 "120·40 00, 1·220~40 20 32 46 28 9 55 5 1560 1$00 W :!:~a +2~ +111 0,061-3 -0... :ta5 +33 +23 +Id0671·025·00 067H25·40 0671-226·40 25 40 58 40 11,5 57 6 2600 2290 -4 -'3 -6 0,102
7Jlf7r.:o~a;o[Rjaf{:1§5-4a "0611:230-40 ab '47 68

. 48 14 !i7 5 33GO 2910 :j:~s :!:~~ +23 ±dtl 0,155
• " ',', "~.' !, :" ,,1 -. "

-3

0671·040·00 0671-140·40 0671-240·40 40 62 80 56 19,5 !i6 5 5720 5100 t50 +35 +25 +19 0,300.6 -7 -5 -I

6a1i':6P,(r:5b~'6a7i:i 5d·40 ' 'diWi"~25d·40 60 76 100 72 22,5 54 6 8940 1380 ±§o ±~5 :!:~5 '±jo 0480
Table 2

6

~) In shorl-Woko opnl'cOlionB. nlonae 01)$01V0r~durli"O 'actor I", hom flogo e, Ilg. 1'l. ~I I.owor ""''' rolollvo 10chait dlomolor 'd'
3) rOI eonarola Mala rolor 10pogo 7, II see pogo e, "OllloS 13 ano 14.



________II
Unbeaten
Smooth Running

Self-alignment of the bearing plates and the ground-qLlality finish of
the ball tracks result in extremely smooth operation. The running
diagram below shows a con arisen with a conventional linear
bearing for a load of 800 N and alignment error of about 8' (due to
shaft deflection).

j7.S
%: ~O+,li.j 1,:":ItH,',h[,;F,;,H,iI""I',,,W:'i't:tWiI,

ff ~s
i0
J:;

,r~vo'_
Speed of (ravel 0.3 mm/s

High Running Speed Precision guldanoe of the balls In the ball grooves permits faster
acceleration and higher running speeds.

Long Travel Life

Cost-Effective
Design

Structurall'lesign

Sealing

," ';''';''

The SYAR Super Linear Bearing affords the designer a substantially
longer travel life than other types of bearing with the same as-Installed
dimensions. Given a ehaft diameter of 20 mm under the service con-
ditions a == 150 mrn, b == 200 mrn, I == 500 mrn, and F= 800 N, the
shaft deflection would be about 8' (see running diagram, Figure 2,
and loading oonditlon 1,Part 1A, page 62). Under ihese service con-
ditions, the travel life of a conventional linear bearing would be Jower
by about 90 % than that of a STAR Super Linear Bearing.

The hlDh load capacity and its high utilization facial' ihanks to the self-
alignment feature permit tile use of smaller components (shaft, linear
bearing, housing) and thus money-saving design of aUelements.

TIle STAR Super Linear Bearing consists of:
- a ball retainer with outer sleeve (of polyamide 6.6)
- tile hardened steel segmental bearing plates and
- high-carbon chrome alloy steel balls.
The steel bearing plates, which serve to take up the external load,
have grooves along their sides which snap Into the outer sleeve.
This snap fit permits slight radial movement of the bearing plates,
enough to allow them to make perfect contact wllh the contour of the
housing bore for exact and easy adjustment (A radial clearance.

STAR Super Linear Bearings are available with integral or with
separate wiper-type seals. Use of separate seals Is advisable where
there Is a high rlsk of foreign-body soiling. The STAR Super Linear
Bearing's versatility makes it suitable for use In a wide range of appli-
cations, some of which may make additional sealing (e.g. bellows-
type dust boots or telescoping sleeves) necessary.

5



STAR Super l1Dinear Bearings

Self-alignment

Ground Ball1i'acks,
High Load
Capacities

4

STAR Super linear Bearings -
patented experience in the construction
of ball-bearing linear motion systems.

STAR Super Linear Bearings automatically compensate for allqn-
ment errors of up to 3~'. No reduction In load-carrytno capacity due
to pressure between bearing edge and shaft.

The outer surface of the steel bearing plates Is designed with the central
portion slightly fhlcker than Its ends, The central portion serves as a
rooldnq fulcrum which allows each Individual bearing plate to
compensate for minor errors in alignment between shaft and houslnq
bore that might be caused by Inaccurate rnaohtnlnq", mounting errors
or shaft deflection, This self-allqnrnent feature assures smooth entry
and exit of the balls Into and out of the load-carrylnq area and uniform
load dlstrlbu lion over the entire row of balls.

Result: much smoother running, much higher load capacity, and
substantially longer travel life than conventional linear bearings
subject to bearing edge pressure clue to axially off-centre loading.

I) Tho solf.allgnmont Ioature Is not able to
ccrnponsato for poor parallelism between
me two ahalts of a table assombly.

Figure 1

Eaoh bearing plate has a groove, the ball track, In which the balls roll.
These ball grooves are ground for extra smoothness, The smooth,
close-contact running between balls and ball track thus achieved
yields, In combination with the long ball tracks, high load-carrying
capacities.



· \

Permissible axial
load on screw
(Buckling Load)
The permissible axial load on
the screw depends on til" dia-
meter of the screw, the type of
end flxily, and Ihe effective
(=unsupported) lenglh Ik of the
screw,
Allowance should be made for
a safely Iaotor of )' ;;?:: 2 In the
determination of the permis-
sible axial load,

Example:
Screw diameter 63 mm
Lead 10 mrn
Length IK 2,4 m
End fixity Type II(fixed - simple)

Acco ,:lIrlg to the figure, the
theoretical maximum permis-
sible axial load Is 360 I~N,
Applying a safely Iactor of 2,
we obtain a permissible axial
service load of
360 I<N : 2 =180 I<N,
This lies above the maximum
operating load of Fl =501<N
actually occurring in service
as used in our example of
calculatloo.

, 5 6 1 8 9 10

End fixity

~ IV

~ 0 III

~II

~I
Lenglll Ik (m) -----+11>Fi[J.3

:~1.11
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3.1.10

Critical Speed may be made lor guidance by the nul. The
operatinr; speed should not be greater
lhan 80 % of tflP. critical speed.

The critical speed depends on lhe dlameler
of Ihe screw, tile type 01 end fixity, and the
Ire8 length I" ollhe screw. No allowance

Example: According to the figure, tile critical speed
Screw diameter 63 mm Is 1850 min,l.Tlle sale operating speed
Lenglh I" 2.4 In Is thus 1850 min 1 x 0,8::1480 min',
End flxllyType j I (fixed - simple)

The maximum operating speed in our
example of calculation, n,,:=:1000 min' I, Is
thus below thr'.lsafe operating speed,

i

200

.1000-

1000
900··
80~"·

-700"1--"""+--.,,,,,-,:1--
(1JO

500·

400·

300·

Lellgtli 1/1 (m) .- .........-IJII-

11 IVIII end ((xed Fig. 2



Example of
calculation

Service conditions

C~lculatlon procedure:

Average speed
(applying tormulao)

Average load under variable
load and variable speed
(applying Iorrnula o)

Required IIle Lin
revolutions

Dynamic load capacity C,
(applying Iorrnulac-)

Cross check:

Life of the selected ball. screw
assembly in revolutions
(applying Iormulac)

life in hours
(applying formula ,..)

Ball screw assembly, do"" 63 rnrn, P=10 mm

F\ = 50000 Nat n\ "" 10 rnin:' iur q, == 6% of the duty cycle
F2= 25000 N at n~= 30 min·j fUr q2 = 22 % of the duty cycle
Fa= 8000 N at n3 = 100 rnlrr' fUr q3 = 47 % of thu duty cycle
F4 == 2000 N at n4 = 1000 rnln' lur q4 == .1.§% of the duty cycle

100%

The service life 01 the machine Is required to be 40000 operating hours with the ball screw
operating 60 % of the time,

n =..§-,10 +R, 30+_£'100+~'1000
m 100 100 100 100

nm "" 304 mtrr"

._------------"_ ...._" ... ,

500003 ,1Q.. _§_ -l- 25 OOO~' 30 .. 22 + 8 0003.100 . ~ +2 0003 ,1O~~ . .£§.
. 304 100 304100 304 100 . 304 100

The life L can be calculated by transformation of formulae 0 and @as Iollows:

L:= Lh • nm ' 60
L'l "" Machine service life , 12all screw oQ_eratlng hours

Machine operating hours
60

Lil == 40000· 100 =: 24 000 h

L == 24 000, 304, 60
L = 437760000 revolutions

c= 8757 '11.137760000
106

C"" 66492 N

The following ball screw assembly can now be selected from the Tables of Dimensions:
63·10; 6 turns (C ",,78500 N); e.g. nut unit, reference number 1502-6~4024,

L= (Z§'§QQ\ 3. 106
8757 ,

L"" 720 ' 10" revolutions

The life of the ball screw assembly Is thus
grealer than the required life of 24.(\00
hours.

L
"
"'" 39 470 hours

3.1.9



Average speed and
average load

- Where speed Ilucluates, lhe
avsraqe speed "m Is
calculated as follows:

- Where load lluotuales but
speed Is constant, the average
load FmIs calculated as
follows:

- Where both load and speed
fluctuate, the average load
FmIs calculated as follows:

Nominal
life
L In revolutions

Lh In hours

Drive torque and
drive power
requirement
Drive torque Min fOI'conversion
of rolationallnto linear motion:

Transmilled torque Mia for
oonverslon of linear Into
rotallonal motion:

DI'lva power
requirement Po

3,1.8

Where bolh speed and load Ilucluate, calculation of life expectancy must be based on the
averages Fmand nm,

n", = average speed
q = lime fraclion

(min ')
(%)

Fm =average load
q = time fracllon

(N)
(%)

I 11 n q n - q n q Fm=' average
Fm:=3 F~' -' ,-' +F~' ._2_ ,_2_ +" ,+F~, _n_, _!:- r,., load (N)

1 nm 100 nm tOO nm 100 q = lime fraction (%)

L == nominal life

(
C j 3 Vir C. (In revolutions)L= - , 106 t,~ ==> C == Fm ' 3 -- (,\I "",> Fm--- (.~C d I I dF' j06 14: = ynarn c oa •
m 3 _l... carrying capacity (N)

106 Fm= average
load (N)

Lh '"" nominal me In hours (h)
L => nominal life (In revolutions)
nm = average speed (min' ')

~

l: ' Machine operating hours
., "q cJrvice life == L" . ,--.. -.--------Ball screw operating hours

'f)

Min:=; drive torque !Nm)
Mlo = transmitted torque (Nrn)
F := opera ling load (N)
P =: lead (rnm)
1/ = mechanical elhclenoy (approx, 0,9)
1/' :=: mechanical elllclency (approx, 0,8)

In preloaded nuts, allowance .nusl be made for idle-running torque,

P _MI.L.Q..
a- 9550

Po := drive power requirement (kW)
Mia == drive torque (Nm)
n ee speed (min")

• ',j



Material, Hardness

Sealing

Permissible opera-
ting temperatures

Load-carrying
capacity and life
expectancy
Static load capacity Co

Dynamic load capacity C

L.lfeexpectancy ,

Critic",' speed
Buckling load

Our ball screw assemblies are made of
high-qualily heat-treatable steels, carbon
chrome alloy steels or case-hardened str
The raceways in the screws and nuts he '3
Rockwell hardness number 01 HRC 58 + 'I.

8all screw assemblies are precision de-
vices and require protection against foreign-
body contamination, Flat protective covers
and bellows-type dust boots are particularly
sultable for this purpose.
Since there are many applications in which
Ulese methods do not afford adequate
protection, however, we have developed a
Wiper-type seal which, manks 10 the

Ball screw assemblies are suitable for
continuous operation at temperalures LIP
to 100°C.

to DIN 69051 Pari 4 (June 1978 Draft).

The static load capacity is an axial, concan-
Irically acling force which Induces a perma-

The dynamic load capacity is an axial, con-
cflntrlcailv acling force of constant magni-
tude a ' reonon under which a repressn-

The nornlnal lile is expressed by thai num-
ber of revolutions (or number of operating
hours al constant speed) which 90 ~r of a
representative sample of identical ball
screw assemblies will atlain or exceed
before the fimt signs of matertal fatigue
appear. The nominal life is designated as L
or Llh depending on whether It is given in
revolutions Or In hours.

Check agalnsl the figures in the following to
ensure Ihat Ihere is a safe mArgin (0 critical
speed and buckling load,

Ball screw assemblies made of stainless
·~·'el s.re also available on request.

''3S 3 otherwise specified, ~.Ie ends of the
,1"'.\1 are not hardened,

extremely low friclion between Its lip edges
and the screw, yields a good sealing effect
without noticeably reducing the high effi·
ciency of the assembly, Because of this
excellent sealing performance, our screw
assemblies are supplied with seale as a
standard feature. The seals can, however, be
omitted at the customer's special request.

nent deformation of 0.0001 x the ball elia-
meter between the ball and the raceway,

tallve sample of Identical ball screw
assemblies will attain a nominal life of one
million revolutions.

3.17
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APPI..IC, ,liON INFORMATION (continued)

b J Lurge II Innl response
Thu ter- ! step sigMI response Is limited by slew-rate and inductive load.
fn this lase, durlnQ th« rise-time of the motOr current, the l.292 works In open-loop ccndltion, al
can bo ' len from the photograph of fig. 10.

F,U, 10. II eter current und pill 7 voltu[ju wuvotorms
(U(lpIWllt,Q (It fig. til L.urgu510llutrcsuunsu.

UV

VI lV! IV,
1M 0.:11Hliv.
I sao s/d,u.

OA

Tho voltn 10 at pin 7 (inverting input at the error umplifler! departs from the retercnce voltage VR
prQsent III tho non-Inverting Input and the feedback loop Is open,
Tho fodbl:K loop Is on whon tha motor current reachos Its stelldy-, 10 vahlo (2A),

ClolJed (lOPsystem bandwidth
A oood iloilO for ~ Is tho value 1/.[2. In this CUIU;

ltiL.. (5) '" 0.048 1 • ~ ,,~C~
V, Rs 1 t 25 RfCr ,251 RI 1C, I

The mi. 'lulu of the trnnsfer function Is:

Tho ItOft froquency is cjorlvod by tho expression (9) by putting I ~ I" 0.707 (-3 dB). (rom which:

Wr'" ..QJL,.. fT e- •_Q.JL_
RpOF 27T R, 0,------------_._-----_._

120

L292

APPLICATION IN!=ORMA liON (continued)

Example:
a) Oats

bl Calculation

c) Summarising

(91

- Motor characteristics: LM '" 5 mH
RM == Gn

l.M/RM t: 1 msne
- Voltage ontl currant charccturlatlce:

V,t;:20V IM"='2A
- CIOSfld loop bondwldth: 0 KHz,

- From rolntiCll'\si1ip (4):

"" 0.211

and from Ill:
(i, ru :1 V, 1 H I

'~"\i;l
I~C \ msoc I lrom p',prOllllll1 (2) ),

- AS5l1minn ~,_, 'IV'2'"; from 0) follows:
~l :;:; ..:L '" 200 C

2 4R"Cr-'O.2
- Tile cutoff frequency is:

- RC '" 1 • 1o-~ sec
_ 500 C ;::;1

RrCr
- RrCr i:'! 24 usuc 1

C'" 47 or
R ea 22 Kn
For RI' '" al0 II - OF "" 47 nF.

121

'. j
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L292

APPLlCAflON INFORMATION (ccntlnued)

Neglecting t,o Vcs .. t of the bridge tronslstors and the VOE'. of tho diodes:

where: VI'" supply voltage
VR::: BV (rofarence vOltogu)

DC·transfor function
In ardor to be sura that tho CUllont Joop 1$stobie tho following condition Is Imposed:

1 i' sRC '" 1 + s .!:It.
RM

from which RC'" J:.M._
RM

(polo cancollatlon!

(Noto thm In pructlco R must be oronter than 6.0 Kn)

Tho transtnr lunetlen Is then,

~ (5) '" R2 R4 Ome ...".._"...._l:..,;.; . .:;sR~r.c.:.C~r-:...,,-=-",::-:::--'
VI RI Ra G",o RI + 5 R4C + $2 HpC"R4C

In OC ccndltlon, thls (5 reducedto

..!t:L (01 '" Rp, R4 • 1 O.04B [A 1
VI RI R3 R.'"-R;""'""' IT'

Open-:loop gain and stllbility crlterlon
For RC'" LMIRM, tlla open loop guln Is:

n 1 G R, R F '" Gm" R,_ -,.,.--:..-:::-..,-
A to' "" sRr-C • m0"'Fi4" 1 + sRpCr R4C s (1 " sRpC,,)

In o/dor to achhlvo !)oor.l stability, tho phaso moroln mUSI be grantor thon 46° whon JA ~I '" 1.
That moons that, at f" !o, 1 C ' must be IA ~ 1< 1 (suu fig. 71, thnt ls2 7T Rp F

IA ~ I 1 '" Gmn R, RpCr- < 1
'''---~ R4C vr271 Ar.CI'

Fig. 7 ~ Open-loop frequoncy response

""1'''.
Oda~

phUt" tnA~:Ojn
"l,~·

11B

(11

(21

110

(phose margin'" 46" I

.'

L292

APPLICATION INFORMATION (contlnuetJl

Closed-loop system step response
a) Smail-signals analvsls.

The tronsfor function (3) can be written as follows:

(71

Is tho wtofl froquoncy

(31 By chooslno tho ~ vntue, It is posslblo to determine tho system
responso to en Input step signal. Examplos:

(4) 'I~= 1 from which
.,~_t._ ov

IM(t)",JlQ..1.rLll-~ 2Ar,CF (1+ 4Rt •.C~11'VI
R, r-

(whore V, is tho amplitude of tho Input stop).

(6)

(01

21 ~ '" 7:;\1 (WITI which

0.04B (1. I • ~f:\~'t:F-IV, OA1M (t) -rr cos ;m~e

"

.. 9. 0 • Small $Ionai stop
response Inonnallzed arnpll-
tude vs. t/RpCpl

" "
Fig. 0 - Motor currun: and pin 7 voltage
wDvoforms {application of fig.5).Small
slgnul response

From fig. 0, It Is posslblo to vorlfy thot tho 1.202 works in "closed-loop" conditions during the nntlm
motor current rlso-tlmc: tho voltogc nt Illn 7 (lnvQrtlno Input of tho error amplifier) 15 for:l<ed 10 tho
relernnce voltago V R, prolont at tho ncn-lnvertlnn tnput of t'1u same urnphuer.
Tho prQvious IInOUranalysis Is correct for this example,
Oooreuslno tho ~ value, the rlse-umn of the currant docroasos. Sut fot 0 oood stability, from relotionshlp
(6), tho minimum value of ~ is:

~ c 1
min 2 Vi

"
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L292

SYSTEM DESCRIPTION (ccntlnued!

'rhus the output stage may be Inhibited by laking pin 12 high or by taking pin 13 low. The OUtput will
also be Inhlbl\ud II the supply voltage falls below IBV,
The enable lnputs were lmnlernented In this way because they ore lntended to be oriven directly by a
microprocessor, Currently DVblloblc microprocessors may genorates spikes as high as 1,6Vdurlno pow.r-
up, Thoso Inputs may be used for a variety of applications such as motor Inhibit during reset of tn!
logical system end POWer-on reset (see fig, 3),

Flg:3

Fig, 4 - Application circuit

11G

L292

APPLICATII)N INFORMATION

This section has been added In order to help tho designer for the bost cholso of the values of external
components,
Fig.5 - L292 block diagram

Tho schomatlo diagram used for tho Laplace analysll of tho svstorn Is shown In fig, G,
Fig,6

Rs! c RS2 '" Rs (sensing rcslstors)*"""0.005 n-I (current sem'"(j urnpllfior transconductance)
LM '" Motor Inductance
RM'" MOtor rcststance
1M '" Motor current
., 1M I
limo"'--- VTH $ C 0 (DC trnrutor funotlon fro':l tho Input of tho cornperatnr (VTH)tO tho motor cur.

rent (1M)),

---------------------------------------------.-------117
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SYSTEM DESCRIPTION (continued)

Tho mechanical/electrical Interfaco consists of an optical encoder which generates two sinusoidal signa;.
DO· out of phase (leading or lagging according to tho motor direction) and proportlonnlln frequency to
the speed of rotation, Tho optical encoder also provides an output at one position on the disk which Is
used to set the Inltlol posltlon,
'I he cpto encoder slgnols., F'rA and FTS ore Illtered by tho networks R2 C~ and R3 C3 (reforrlng te
Fig, 4) and ero supplied to the FT NFT8 Inputs on the 1.:190,
Tho main function of the L290 Is to Implement the following expression:

dV AA FT8 dV AR FTA
Output signal (TACHO) '" -~' I FTS I - ~ •m

Thus tho mean valuQ of TACHO Is proportional to tho rotatlon spood nnd Its polorlty Indicates tho
direction of rotation,
rhe uhovn Iunctlcn Is porformod by ampllfyln!) the Input slonnis In AI 011(1A~ to obtnln VAA and
VAfl (typ, 7 VI')' From VAA end VAG the external dlllcrunttator RC networks R~ C6 I1l1d R4C4 give
tho slgnols VMA on(:] VMS which are [ed to the multipliers,
rhe second Input to each multiplier consists of tho sign of t110 first Input of the other multtpller boforo
differentiation, those arc obtained using the ccmparators CSl and Cs., The multiplier outputs, CSA and
Cso, aru summed by A3 to glvo tho final output slgnall'/\CHO, rho peak-to-peak ripple signal of tho
r ACHO can be found from the followh~O nxpresslcn:

V'IPPIOP'1' ". +(v'2 • 1) • V th,.a PC

rho max valuo of TACHO Is:

VI'Chl) max",,+ V2' Vthnco PC

Uslna tho comparators 01 nnd Cl another two slgnnls from VAA and 1/All oro durlvcd » tho logic slgnoll
STA and ST8,
TI1QSeslgnols ara used by the microprocessor to determlne the position by counting tho pulses,
Tho L290 Intornol rofurenee voltage 15 also dorlvod from VAA and VAIl:

V,o, =: IVilA I + IV AO I

This relercnce Is used by the D/A ccnvertcr In the L291 to ccmpunsmo ror variations In Input levels,
tnrnpetaturu chonges nnd ageing,
Tho "enn pulse )Jur rotation" opto encoder output Is connected to pin 12 of tho L:f.OO(F:rF) w:loro It Is
aquared to give tho STP logic output for tho rnlercpreeusser.
Tho rACHO slon&1Dnd V,., are sent to tho L291 via filter networks Ro Co Ro and Rt, C1 F1~rospuotlvoly,
Pin 12 Qf this chip Is tho main summing point of tho system whore TACHO Ilfid. the D/~ O(l~vor\or out,
out aro compared. • " ,
Tho input to tho D/ A ecnverter consists of 5 bit word plus Q slOI'lbit supplied by tho microprocessor,
Tho sign bit represents the dlrentlon of motor rotation, rho (unuloguo) output of thO tilA cenverter »

DAC/OUT M Is compared with tho rACHO slgrIDInnd the rQ$ultlng error sionoils ampltrlod by tho error
amplifier, and subsequently appean on pin 1,

.,.--. .... ,------------------
114
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SYSTEM DFSCRIPTION (contlnuod)

The r:RRV signal (from pin 1, L2(1) is fed to pl116 of the final chip, the L292 H-brldgc motor-drlver,
This Input signal Is bldlrnctlcnal so It must bo converted to n positive signal because the L292 uses 0
single supply voltoge, This Is accomplished by tho Ilrst stega - tho level shifter, which uses an internally
!j(Il1oratedBV refer'lnce,
This some reference vlllta&c suppllus the trlonglo wove oscillator whose frequency Is fixed by the external
RC notwork (R20' C17 ~ pins 11 and 10) whore:

1
lose t:l 2RC (with R !;) 8,2 I<n)

Tho oscillator determines the switChing Irequoncv of tho OUtput stroa nnd should be In tho rnnoa 11030
KHz,
Motor current Is reguloted by nn lntcrnnl loop In tho L202 which Is portcrrncd by tho resistors Rla, R1u
and the dltforontlnl current sense umplltiur, tho output of which Is flltared by on external RC network
and fod bock to th(1 error ampllflor,
The chclce of tho externnl components In those RC network (pins G, 7, 9) Is dutormlnod by tlte motor
type and the bnndwldth ruqulrcrnerns. Tho values shown In tho dlnorom nre for u 61l, 6 mH motor,
1500L292 Transfer Function Col~ulotlon In Application Information),
The error signal obtained by tho addition of the Input and tho current teedback Signals (pin 7) ls'used
to pulso width modulate tho oscillator signal by moans of the comparator, Tho pulse width modulated
slgnol controls tho duty cvcle of the H-brldgo to glva on output current corrospondlng to tho L292
Input $Ignal.
Tho Intorvol between one sldo of tho bridgo switching off and tho other awltchlnn Oil, r , Is program mod
by Cn In conjunction with on IntA:nnl resistor RT• '

This can be found from:

r'" RT' Cpln 10' (C17 In the cllagrom)

SlnCDRT Is ormroxlmotaly 1,6 I<n and tho recommended t to avoid simultaneous conduction is 2,5 ~s
Cpltl 10 ahould be around 1.6 nF,
The current sense ri)slstors RIO and RIO should be hlOh pruclslon typOI (maximum toloronco;!; 2%) and
the recommended value Is given by:

Rrl1n •• In "'~. "" 0.44V

It Ispcsslbln to synchronl1.a two L202's, If dJslrotl, using thu network shown In fin, 2,

Flg,2

Finally, two unnblo Inputs oro provided on tho L292 (pins 12 and 13-netlvc low and high rospoctlvoly).
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L292
--------------------,--------------~--------------------------------

: ''tHERMAL DATA ,------~
Rm ).C.,., Thermal reslstnnne [unction-case max 3

ELl;c'rRlcAL CHAR,o.C'l':::R!STlCS (Tomb'" 26°C, fo",'" 40 KHz unle.s otherwise specified)

" P~I"~;;r---- T.II condition.1--'------- --- I---i--'----,-.-------l-----l-----+---+~
II, SupplV vOII~ga 18 36
I--.~ ----,---+---------l---t--t---l---1

Id Qulnlaon'drmn eurrem Vs· 20V(olhul nulll 30 60 rnA

3,2

MOK, UnllMin. Typ.

1350 mV'np~1 011101vollaga Ipln 61 V, • 36V

InhlbllioW Iqyalipin 1~, '~'I-' i 2 V.---I~---+.------------------+_---,-----t_----r_~
VInllll>11high lovol IIIIn '2, 131

Inpul voll~90 (pin 61

Low VOII"DOecndluon V'nh. (LI' O.4V .100 pAf-------- --I-....;::;;;_----- -- - -1_-<
: "~'h"ullo~o ",ondillonl V Illh. (HI' 3,2V 10 pA-------,---+--------~VI•• a,av .1.8 rnA

V, • +0.8V 0,6 mA
f-.-------.----------

Rs). R'2.0.2n ~o~_·_.A_._t_---,--8-,3--1----l-V_,
i 10" ·2A -8,3 V~-----------------'_'------~~--+---~---~----_'___'

1.2 A

Iinh.

lnpul cumin' (pin \Ill

I" OUtPUI currant V, •• b.dV RIl· RS2" 0.211~-----~--------------+~------Yo' Total drop aUI valluge IInludlnu 110" :!A 6
ionslno
raslstorsl I'o~ lA 3,6f-.·---·-------....-+..:=;:;.::.;..:;--..L..::.----!:---·I---l-_;_+ __

Vns SUIII,lInrO$i5\nrvol\llIlUdrop T).taOhe 10.2(1 0,44 V~------------------~~-----------~--·---r----t---·f---In TrllnltOntJuclunco RII" R,2" O.2U 22B 240 200 mAIV
V;'" NV

i\.' _'_ql_~ ~_,a_q_u_on_t_Y_rO_"_OU_(_P_'n_'~~~:~=:_.._.__±ct_'2_0--,,___3_O_:~
TRUTH 'fABLE

V,nhlblt OUlp

PI" 12 Pin 13 con

~ l. Ol.nbloa
L H Norrnal op
H l. OllQbl~d
Ii H OllOblod

ut~i.gol
dltion I
IIration

Nolol 'rho OU!P11I stDgo Is DI~odlsablorJ " tho
supply voltllOo tol\l bolow lBV.
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l292

SYSTI::M DESCAIP'fJON

The 1.290, 1.291 and 1.292 arc Intended to be used as a 3-chlp microprocessor controlled pOSitiOning
svstem. These devices may be used separately· part!cularly the 1.292 motor drlver > but slncu they will
usually be used togethor, a description of a typlcnl 1.290/1/2 system follows.

Fig,1 • System block dlaqrarn

The system cperntes In two modos to achieve hlgh ..speod, hinh-oecllracy positioning.
Speed commends for the svstorn originate 111tho mlaroproaessor. It Is £:6ntlnuously updatoQ on tho
motor position by means of pulsos from the L2fJO t(lcllometor chip, which In turn nots Its Information
from tho optical encoder. From this basic Input, tM microprocessor computes D ,I)-bit ccmrot word
thot sets thu system speed clopflnclcnt (In tho dlstllllco to tI,'vel.
When tho motor Is stoppocl and tho rnlcrcproccssor orelars it to 11 new position, tho systom oporutos
Initially In An oocn-Icop conrlaurntlon as thoro Is no foedbock from tho tcchcmcmr Denorator. 'rhuroforo
maximum CIIII"lrlt Is foci to tho motor. As maximum spood Is roached, the tnchornctur chip output bUCKS
orf tho processor signol thus redUcing accolorating torque,
Thomotor continuos 10 run at top speed but under closed-loop control.
As the wrget position Is approached, the mlcrcnrccessor lowers tho vnlun of tho spcod-demand word;
Ihl$reduces the voltage Dt the moln surnmlnn pclnt, In effect brDklng tho motor. Tho braking Is applied
progrosslvely until tho motor I. running at minimum speed.
At that tim", tho microprocessor orders a SWitch to tho position modo, (strobe slnnni at pin 8 of L.291)
Dnd within :3 to 4 ms tho 1.292 erlvos tho motor to 0 null position, whuro it IS hold by olecuoruo
"dotonting".

113
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:L292
LINEAR INTEGRATED CIRCUIT

PRE~IMINARV DATA
SWITCH-MODE DRIVER FOR be MOTORS

Tho L2921s a monolithic LSI circuit ln ts-tead MULTIWAiT@package. It Is lntunded for use, togethar
with L29D and L291, as a comrlnl~ 3-chlp DC motor positioning system for applications such as ear-
rlage/dalsy-wheel position control 1\1 typewrltels.
Tho L290/1/2 system call be directly controllod by a microprocessor. The outstanding characteristlcl
01 tho L292 are:
- Driving capability: 2A. 36V, 30 KHz.
- 2 Logic chip enable.
- External loop gain adjustment.

- 5111glopower supply (18 to 36V).
- Input signal svmmetrlc to qround,
- Thermnl protoctlon,

ABSOLU rE MAXIMUM RATINGS

V,
VI
Vlnnlbl\
Ptot
T$\O

Power supplv
Input ~oltage
Inhlblt'voltage
Totol power dlsslpotlon (T•• IO'" 75·0)
Storage ~nd functIon tamparatura

36
-15 to +V,
o to V,

25
-40 to ,160

ORDERING NUMBER: L292

MECHANICAL DATA Olmonslon In mm

~~~L ~, •.

~ .
,

lo/ao uo....''''_~_.,._ _,_II!; _"",P::_=_IM __ IIII__ " __ I'II·IlIIlIIIIllIIIIIJII_•. _. __ •• :J1-1 1112__ ftllJII .i 1II""""_.""' "'.._, __ R __ fJDue..I .. ----.... ...

IJ
W
·C

v
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L292
1]1
"1'
t I

CONNECTION DIAGRAM
(top vIew)

\' .
flLOCI< DIAGRAM

MOroR
R,I
INHIDlflCGI'
INH'81llml
OSC"~,(RI
O.Cll~.ICI
g~rrurf£RR AMI1.I
INPurl£RR AMPll
INPur
ourp(lr C.S A
COMP INPUT.v,
R,I
MarOlt

DI • 01 ' D3 ' 04 '" High spood dlodos (BYW 72 or oqulvnlont)

-



t291

D/A converter lo~ic function (1,.,= 0.616 mAl

DIGITAl. WORD (Froll I P,qcossorl

SIGN Sc2 Sci
Commands

'Sc'5 Sc4 SC3

X H H H H H Spoed a Zl\ro

L t. I, I. I. I. Spood· MDX
OK wls"

L II II II II I. Spuud q Min
CK wisQ

H Ii Ii H H I. S,luud· Min
flCKwlsn

H I. I. I. L L Spoad ~ M/)x
ACK

)( a Indifferent L- IQW H" hlUh.

Looking from the typewriter keyboard tho clcckwlsn rotation of tho motets move tho carriage from left
to right and tha daisy clcekwtso.

Error amplifier
In ordar to have a good stability, the error ernpllflor must work with a closed loop gain groator than
20 ea,

SYSTEM DESCRIPTION: refer to the L292 data sheet

108
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Fig. 1 ~ Oornplete application circuit
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Enablo vollnge level VL.IS In loll ., 0 0.8 V
V$\tohn

VH IS In Ib)) • 2.4 +VI V

Outl'II.I of Iset vollaga (pin 16) Vltrooo· VL. .eo mV
Vo•

Input blijl current (pin lS) V$lrObO· VI.. 0.3 MA
Ib

Out~ut vQlta!!o ~wlng (pin 16) VSlrobo· VI.. S21n Ib) 19 V
,~Vo -'""---- ~;20 mV iVR RQllduol eutnut vollnua Ipln 10) V ,t rob." VI-I
, '~

, Soo block diogrom. 106 107

,

:L291

EST CIRCUIT

'9 '9' 5?" a?/IN

10 " 7 0

SClo-!-J.!lI
SCIO-l
SCIO- I. U9t
StlCi-- 5
~GIj(".IM~Q G e 11 ~Il I " I~

_!'ltOb('O-'~ ~~ ~ ;

JIOIl 'ItA .
51 SI (

·1~ t "1 1

!,,'''UII . 6:,oomv- t 2,4V

;

HERMAL. DATA

Rth I'~mb Thermal resistance Junction-ambient I max 80 ·C/W

------
EL.Er.ifoCAL CHARACTERISTICS (Rofer to the test circuit, SI and S2 In (a), VI = + 12V
(:I'10%),1'"nb' 2GoC,l,Iniess otherwise specified)

Parametora To,t condition' Min. Tyl" MU)(j unitF ~"W"'.' ,10 i 16 V

OuloloO,\I drain eurrcm s.e 10 mA

T

T

L291

ELECTRICAL CHARACTERISTICS (continued)

PnremotiH' Test conditions

DIP. CONVERTER

I,., Curront roforonco inPut rongo Ail Input. low 0.3 I mA
(pin 91

VOl Curront rnloronco oflsut VOllliOo f,.f" 0.3 to I mA ; 20 nlY
(pin 1110 GNDI All Inpu.s hlOh

10 Output eurrun; rnnne Illin 121 0.7 1.4 mA

Ir.,· 0.616 mA 0.98 1.02 rnA
J 011 Inputs low

los Output allsot current Ipln 121 All Inputs high 0.4 pA

VI. Low voltuge lovol IdiOltpllnput.1 SC1 • LSB 0 0.8 V

VH Hloh voltooo lovllf (dllllt~llnputsi 506" MSa 2.4 +VS V

II. 0101t01 InpUt! current flow slIlIol V .. " DAV -50 pA

IH OiOltOI Inputs current Ihlgl1 stolcl VH' 5V I pA

ERROR AMPLIFIER

VOl Output of hot vOltogu (pin 11 I,.," 0.6 rnA; All Inputs hlOh ! 200 mV

10 Output current (pin 11 6 mA

Va Ou Iput valtlillo sWIIlg Ipln 11 AlI,npulSlIIuh '7.4 18.4 Vp

51 In Illl; RI.O 10 xn
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:l291

LINEAR INTEGRATED CIRCUIT

PRELIMINARY DATA

5 BIT- O/A CONVER"ER ,t\'m POSITION AMPLIFIER
The L291, a monolithic ..SI circuit in Co III Ic~d dualln-line plastic pa~age.ls intended for usa I,h the
L290 and ~92 to form a c"",pl~te;> chip DC motor IY.: ,Ioning system for applications such f ,;..Irriagel
dalsY-wheol position control In IV lIWTi·ers. •
The L290/112 system can be directly controlled by a microprocessor.
The '-291 Integrates the following functions:
- !j bit DI A converter (! LSa max linearity error]
- errcr amplifier
- posltlon amplifier

ABSOLUTE MAXIMUM RATINGS

• Vi
Ptot
Tpg,T,

Supply lIoltage
Total power dlsslpa1:lon Tornb'" 70·C
Storage and Junction temperature

:!: 15
1

-40 to 150

ORPERING NUMBER: 1.291B

MECHANICAL DATA Dimensions In rnm

10lBO 104

v
w·c

L291

CONNECTION DIAGRAM
(top view)

ERRV I 16 POSIOUI

SCI IS POSIIN

SC l 3 '14 .v.
SC 3 4 13 GND

SC 4 , 12 OAc/uur

sCs & " H.C.

SIGII. 7 10 .v.
Slrob" II OAtllN

6...."0

BLOCI< DIAGRAM ."

'0 13 u.
.. II",J {l.tto

-1
·1

oAelouq £RR'I IPO~II.
11 I ,~

105
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rSlim Design
I Fast Response [SOlenOid Actuated Varves
r----------~------~----.--~-----
The "Tiger 2000" Valves
- Free Voltage Range

TypeMFH· ...
JMFH· ...

These valves arc: part of a new family
offering high flow rates and improved
mounting options.
Note: These valves are not directly Interchangeable with

Tiger Classic Valves.

Accessories:

Solenoid cells (see page 94)
DC

Type MSFG·12-0D
MSFG·24-0D

AC
MSFW-24-0D
MSFW-110·0D
MSFW-220-50/60·0!)
MSFW-240·0D

~

err
Becket without cable
Type MSSD·F

Socket with cable
Type f<MF·j·24-2.5-LED, cable2.5m, 24DC

KMF-1-24-6-LED, cable 5 Ill, 24 DC
KMF-1-220-2.5, cable 2.5 m,
220Vt0240\l
I<MF-'f ·220·5, cable 6 m,
220\1 to 240V

~ Illuminating seal
~ Type MF·LD-12-24, Ior status Indication

Manifold Systems: See pages 96, (17

Volt3ge and power consumption
see page 94.

• Range of coil voltages
.. G VntoG%
• Non-lubricated operation
GPVersatile mountings

J[~J
FEST(:!I
PNEUMATIC

5/2-Conflguration

without auxlllalY pilot air with auxiliary pliot air
Type tvIFH-5/2- ... ss-mfHk

U:T*~'"
mTI-t~,,§>-~ ...

" '

.~------
5/3-ConfigLlratioll

Type JMFH-5/2- ...

~'T~m:
....-.-.--~-.------

Type MFH-5/3G- .. ,
Mode: Mid position closed

:tlfn~hIfiAr~f~
Type MFH·5/3E· ...
Mocle: Mici position exhausted

Type MFH-5/38- ...
Mode: Mid position pressurized

Options:
Ali typer al9 also available wltil auxiliary pilot air connacuon
to allow low pressure operatlon and vacuum.

86

! Dims, and technical data: Tech. cat. page 2.520 to 2,529
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OU~UlvallDns
Rumnrqllou

fuulos oplions pO~~lblus
All OptiOIiS miiauis
Idl~ uilliunon 1I10ulicil
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A \lu Ollllol\Un 1I10(liioh

Eeron maon!IIIIUO.lnolus
duns 10 vOlslon slandard
Magllollc shlold IMlliOd

III Ihls llIoriol
IA,101\0\l\011u Alischlfl1lunu
III nOI Nonnalilllsluhluno

1 aUios opllnn! possibles
All options avollnblu
Alii' VPIIOIIOIIII:OO,,;11

.__._.._.-----1
Ecron maunNiquo Inclus
dansInvolslonslandard
MognOlia Shlolulncllfou

In 11116 muuol
M;rU'loil,r.ho AbSClllllllUIIg
III ClJI tlunnnhlllllllllrllllO

TOIlIUSopllons potslbloa
All options nvailailia
Allr upllonon tnbOIJI;h

Position Intlilf6ronio
Olinralll~In nny positron
LllnllJbllilllOllcllu'lauo

(.;.:Iduc (:j

Reed Relais / Typ DIP

Relals Heed / Beitler DIP

DIP Reed Belay

D 30
De formal DIP, In conception at Ie procrictrl de moulaga pur Iransferl des rslals D sont sernblables a ceux des clr-
cults Inh~ores avec lesquels lis oont compatibles mecenlquernent et rileclrlquement.
Notre gamma est 10 plus Gtendue do loutes callas prcdultes aatuellement.
Cette selection devralt satisfalre lea besclns les plus (livers. Notre equlpe d'etUde est II votre disposition pall I'
chotslr au m&me conce: elats spacial correspondent a vaIre application.

The Reed-Relay D 30 In a PIP·package Is similar to integrated circuits in deSign, shape anel the transfert maid pro-
cess. They are mechanically and electncuuy oornpnublo with Integrated Circuits.
Our sorte of Dual-ln-Ltne pocl<ugcd relays is tho widest !lVllllalJle today. Ttns choice makes them Indispensable
for various appllcallons.
Our engineering department Is 01 your dtsposa] to choose or even deslqn your speclal relay.

DID Roed-Relay D 301m DIP-Go/luuan glolchom 1i11AiJssohen, In dar l<onZeplion und dor Herstellunasmethode
Integriorlen Schaltungon. ::: 0 smo rnecnantch und oleklrish mit dlaSatl Knrnpatlbel.
Des vorhepende Prrlgromm stollt OOS kcmntcttouto Spol<trum 011 Read-Ralala lrn "Dual-ln-Ltna' {;oh!hlse dar.
Diose grosse Auswaht mach! unserc Relnis wHln!iJel1rlich fur die verschrcdonsten Anwendungon.
FOr (lit! Wahl odor Ausl(1!]ung des fur IhrOI1 F'III am neaten oooignoten Rolal~ etent linen unsere EnlwicklungsQba·
IOiluII(l ZlH Vorfummo·

REFERENCES· REFERENCES, REF:ERENZEN

J_.'-! D •.•1-i-J
rormll dll ccnract I _.~~~!~!n~.~.r~_.~._
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2 • t4 1111\0 1 t I~.~ 2· 6 V
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:J-t 011100

0'4 4. PIM

I3fllltti

l.ca lJlochagos 5 01 0 n'cxrstont qll'on OlllA at D01A I Ii OllcJ0 pin ~(Jn"allrull"n (lilly Dvnllublo wilh DlilA nand D01A I
Pll1ll(JluUIIUU G IJmJ [IIW. III ,Hr:,il.llrwl!J rlf31A unu lHJ1A
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Fur 4(J V ralay With maanotlc Oil/old, COil rOI;II;I(11101) I~ IfJlV()(,
!JOI4(1V illisHiIHlmOQIl nut magnotl(>cllr • "eMn, olnll \j,(, nnooooilonu GPlll~I1Wldor'ilundo nlodncer.



Encoder Mmmtlng and Assembly

1, Mount OModq, bo,o plnlo onto molar, Tlghlqn ,crowl. (R.'or·
enco pago G 'or mounllnil eon,ldoraUonl),

e~llt WII£EL ' ,-'
uun

30, PUlh Iho hax wrench Inlo Iho body ollho enoodor 10 on.uro
Ih.lIIl, prop.rly 10.lo~ Inlo Iho eodo whool hub lol,or.w. Tholl
.pply • downward lorce on Iho on~ 0' Iho hox wrol1ch. Thl, ,.1.
Iho cOda whool gop by I.vorlna Iho oo~o whool hub 10 II. upper
pOllUon.
3b. Whllo c~nllnulna I. opply a dcwllwnrd loreo, rololo Iho hox
wrench In Iho elockwlio dlrocllon unlll lhe hub .01 mow I. lIohl
oo.ln,1 Iho molar aha II. 'Tho hub .01 ,0toW ollilohoa Iho ood.
whGOI10 Iho molot'l aholl.
30, RomeVo Iho hox wr.neh by pulling II altalahl 0111 0' Ih.
oneodar b'dy,

\

2. Snop .neodor body onto bna. pl~lo locking oil 4 Inop ••

aNn nor rO~lTION rwo UOT rOslTION

4. UIO tho eonlot .erowdrlvor .101, or ollh.r ollho Iwo .Ido 11011,
10 rolalo Iho oncodo' ¢ap dol clockwl.o trem Iho ono dol pOlltlon
10 Iho lwa dol pOllllon, 00 1101rQlpio Iho encoder cop aQunlar·
elockwl;. boy and Iho ono dol pOlllion.

Tho ancodar I. randy lar uiol

Features _,
. ALL SIZE - 28 mm DIAME I=
S~.512 CVCLESlReVOLUTIO~C'1
~'ANV I",:SOLUTIONS SiANO;;;:'
LOW INERTIA

: QUicK ASSI!MBLV . , •
• 0.25 1I\t1l(.010 INCHES) END PI.",

ALLOWANCI:.
, 'TTL COMPAilllLE DIGITAL C-;-_

SINGLE 5V SUPPL V •
: WIDE iEMPERATURE RANGE..=.
, INOEXPULSE AVAII,MILE

pescrlptlon
TlIO ~leOS·6000 Dorlos Is a hlOh rouOIIII:

IMoodor kit omphaslZlng rollabllliv
~~o ~8 mm dlamclor package COIt',,:,,:
Modor body, a molal coda Whoal, nn.
~n LEO source nnd Ions lronsmll roCl" .. ,
omillor modulo Ihrcluoh a pruclaton r ,
VhMa plMO Inlo a btlurcaled doloclal" , '
ThO 1I0hlis 10euGau onto pairs 01 ulo~'. ,
doloclors which QuipullWQ uquntu oNt, .
lurO and an opllonal Indax p\IISU "
e.uslom phOlodoloclor configura lion i:

blllly by roduclng uonsltlvlly 10
occonlrlolty nnd LED dogrodnllCln, '
supply Inpul 01lh6 HEOS,SOOO oro .'.
pin connecter mounlod on a ,6 malrtl

outline orawln ,



IOmmondad.

ordering Information

,'01.: .
A Olhor codo whool rnscluucna oro ovnllablo. PIOB$Oconeult your Howloll·Pnoknrd salor rcpresentntlvc lor (urlhat InloliTlollol1.

Mounting Considerations
Tho HEOS - 5500 can be rnountee 10 a motor using eltnor
lila Iwo screw or Ihreo screw mounting option ~s shown In
(lguro 1. If Iho encoder Is attached 10 the motor with tho
screw slzos and mounting tctoranccs speciliod In Ihe en-
coding ctwnclorlstlcs Boolion wlthoul My additional
mounting bassos, tho encoder output crrcrs will be within
Iho ma:<lmums spooiliod In tho enoodlng chnracterlstlce
scctlon.
Tho optional ~lIgnmQnl pins shown In flguro 2 can be uBod
with ollhor Iha two 01' throe screw mounting option 10
ImprovQ Iho allgnmonl of the onccder 10 the meter, This
Improvod ollgnmonl wilt roault ln bolior oncodor porform-
anco.

Figura 1, MOllnllna lio(as

The bost oncocor nerformanoe will be oblalr.ad by mount-
1119Ihe encoder onto "1e molar using the optlonal motor
boss Wllh olther tne Iwo or tnreo screw mounting opllon
as shown In (Igure 2,

ALIOlilNQ PINS
2'0/1.'1 PIA.·a.l' 111011
IMomm'OOllll
01' 10.0101,
IU' 011AMFOil
2 PLAce~

&Er001f1!.3

Flaura 2, QptiOnnl Mounlhtg Ald.

4·23
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MechanIcal Characteristics

Nolo,
3. An 8 Dmill (0.35") dlamalor Ilqla IhloliOh Iho housing 01 IHo HEDS·5S00 Is nv."oblo 101 oxlandad motor sholls Plo.,. consoli YPu,

Howl cu- Packard 8nlos roprosonlallvO lor h/llilol Inlolmollo';.

Electrical Characteristics
Eleclrlcel Characteristics over Roeommended Operallng Range, Iyplcal at 25° C,

Nolo:
1, FotimplovQd porformance In nOIsy onvlronmonls 01 high speod appllcnllons, 1103 sn pull-up roslslor I. recommended.

Suggested Connectors

I
1'-------,-----------------------,....JI,
I4·22

ordering

Not.:
4 otnor dodo whe

Mountln
The Hr:OS • 55C
tho two sQrDW 0
flgura 1. II tho I

SCIOW sltD~ nne
coding chMac .
mounting boas( ,
Iho maximums
sec lion.
ThO opttonnl All
with oHMr tha
Improvo Iho all
unproved align
ancc.

MOTolI IUMT .EN

l3

1 sCfllrw MOUN TIN!
M2 a 12.&11 UNC .. 201
1 p,.a.EQUALLY
"'Acro ON
"06101601 alA.
ftOU Cmt;L~ -' ...
[<EE]&~

FIGlira j, /'0110



, I

Absolute Maxlrnum Ratings

Recommended Operating Conditions

Nol.:
I Thooncodor I)Or/orI1lMca is ountonload 10 100 kH~ bill can opornlo DlllIohar IfOQUOIlU'OB

EncodingCharacteristics
Encoding chprnclorlsllcs over RocommendoQ Operating rango and recommenooo mounting tetcmncos. VUILIes ure for Iho
worst orror over lull rotnnon

~~~~~F~:7M~~~Sn~d:~mffl~~l

l TYPIC~IorrO(& lIfO CCJrllPlItOd ns tho ab~olutQ value 01 ttto moan error

4-21
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aleck Diagram

~-~-----------j\coon (:u:ncroft SEcrlON
STAIP

Theory of operation
The HE:OS-550a translates rotary motion of a aMfl mto a
lwo channel digital qundruturo output.

As soon In uio bfock dtagram. Iho HE:OS-5500 encoder
ccntalns P single Light Emitllng Diode (LED) os Its ermttnr.
ThO IIghiiS ooillmated Into a parallel beam by rncane of a ,
single lens located directly over the LEO. oppcsue tho
emllte/ls an Integraled detector circuit. 'rhls 10 consists 01
mutllpla sots 01 phctodetcctors and tho signal processing
Circuitry necessary 10 produce the digital wevetonns.
The code whoel rotates between tho emitter and detector.
oauohlg the light boum to bo interrupted by tho code
wheal's patlllrn 01 Dpaces end pars Tho phPtodlodos which
doteol 111050Interruptions are arranged In a pattern that
corresponds to thO rudtus and deslgh 01 the cede wheel
Thoso detcctcrs oro also spaced such Ihal n light period
on one pair 01 ootcetere corresponds to a dark perloCi on
tho adJacont pair of dctcctcrs. The photcorode outputs oro
thon lod Ihrough tho signal processing circuitry resuiling
tn A, Ii, ElMd a. Two ccmpnratcrs rocetvo th!,iso slgnats
and produco 1M Iinol oulputs lor channols A ane B O~"
to Ihl~ Inteoraltld phasing technique. Iho digital output of
channal A Is In qundrulure with 1I1at 01 cnnnnet B (90
dug roes oul of phase)

Definitions
Count (N)I Tho number 01 bar and window pairs or counts
pur rovctuuon (CPA) of Iho COdu whoal.

Eloctrlcal Oooroo (·0): Tho (llmonsl01 01 one bar and
window pair dlvldou by 360

1 Cyclo (C): 360 electrtcat degroes 1'0), 1 bar and Window
pair.

output Waveforms~~~-1-
/ IIANNI!l. A

, J
CHANNEL a

I.INEAA POSITION

1 Shalt Rotallon: 360 mcchanlcal dogrees. N cycles.

PoslUon Err!)! (.II'»: The normalized :I'~"lar dilleranco
between tho actual shoft posuton <11·'. "")~Illon 11$ 111'
dlCElteq by tho encoder cyCle COUll'

cyclo Error (.Ie): An Indication ~! .,IIrormlly. ThO
dlflerence between an observed Shu" ""ulo Which gives
rise to or'p electrical cycle, and Iho nominal angular tn-
crement h ,'\I of a revolutton.

Pulse Width (P): The number Or electrical degreeS that an
output IS hlgtl during 1 cycle Tills value Is nomlnnlly
180'0 or 1/2 cycle

Pulse Width Error (.IP): The devtauon, In eloctrlcal do-
grees, 01 the pulse Width lrom lis Idoal value of 180·0.

Stala Wldlh (S): Tho numbar of eleclrlCDI dogrees belweon
a transition In the output 01 chaonol P and the neighboring
transt:'on In the output 01 chanr 01 B. rnero are 4 states
por cycle, onch nominally 90' e
Stato Width Error (.IS): Tho devlatton. In olectrlcal doorees,
of each stare Width rrom Its Idllllf vnlue 01 00·o.
PhasQ (4'): The number 01 electrical degreQs between Ihe
contor of 1110111011anuo or cllar,ncl A el1d tho center of tho
t119h state of channel El. 'rhls value Is nOll1lnplly 90' 0 lor
quacraturo output

Phuso Error (.I,M: The cevraucn 01 the phase Irom Its Idoot
value of 90· a.

Olrocllon of Rolallan: Whon IhO code wheel rot ales In tha
counterctcckwiso ouocucn II\S vlewod from tho encoder
and of Iho motor). cnanncl A will IOlld char.net a. Whon
the c'ldO wt10(ll rotates In the ctcckwrac dtrecuon, channel
Elwill tead chnnne! A.

4-20
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Features
aLlICK AND EASY ASSEMBLY

, NO !lIGNAL ADJUSTMENT REQUIRED

• wWCOST
sMALL SIZE

, HIGH PERFORMANCE
HIGH RESOLUTION

• INSf;NSITIVE 'TO RADIAL AND AXIAL PLAY
• -4P'e TO 100°C OPEI'IATING TEMPERATURE
TWOCHANNEL QUADRATURE OUTPUT

• TTL COMPATIIJI.E OUTPUTS
, SINGLE5 V SUPPI.Y

Description
The H~DS'5500 Is a high pertorrnance, low cost. optlcsl
ncrernsntal encoder which emphasizes high reliability.
h,g" I.solutlon and easy assembly.

Inc cnccdar contains a tensed LED light source, an Into-
,talcd cHcull wuh detectors and output circuitry, and a
eccewhoelwhich (otates between tho emitter and detector
,e The outputs ot the encoder are tWI) square waves In
~(Jadlnturo.The collimated light and special ~hotodetoctor
conlt9urntionallow lor high resolution and axcellent en-
(eo,n9performancoas well as Increased long lila reliability.

The encoder may be quickly and easily mounted onto a
motor. No mechanical or electrical ndjustmenls QrB re-
quired.

The two channel dlglral outputs and the single 5 Ii supply
inpul are accessed Ihrough 0 025 Inch square pins locnted
on 0.1 Inch centers.

Applications
The HEDS·5500 provider. motion detecuon at a IOVIcost,
""~'\ing II Ideal lor high volume ripp!icntlons. Typical
applications include printers. plotters. tape drives, pes-
Itlonlng lables and Blllomn._tI_C_ll_sn_d_le_r_s •__ -i

ESP WARNING: NORMAL HANDLING PREOAUTIONS
SHOULD BE TAKEN TO AVOID STAnO DISCNAAGE.

4-19



TIP140, TIP141, T1P142
N·P·N DARlINGTON.CONNECTED
SILICON POWER TRANSISTORS

MAXIMUM COLLECTOR ClJRRENT
vs

COLLECTOR-EMITTER VOLTAGE

~--------~--..------------------- ...-~,~----------------...MAXIMUM SAFE OPERATING AREA

20
DC O",,'>llon
Tc';;2S·C

i\

TIP140.
i-TIPI4t

t==t:t0.2
10 40 100 4QO

VCE - ColloC1or.Emltte, Volt.g, _ V

FIGURE 7

NOTE?1 Above ,hi. PQlnttholillooperetlng Itt,'" has not been cjetlnod.

MAXIMUM COLtECTOA CURRENT
vs

UNClAMPED INDUCTIVE LOAD

°u 111111
VCC"20V 1-
AaB2" 100n
tc- 2"·C
$0. Figur. 2

0 ~
'>00

:'>J.;

4

- "-
V

1 tOilUill1
0.4 1 4 10 40 100 4J~

L ... Uncllmpod Indu.livo Loed - mH

FIGURES

'T 150
c
·ll
.!!. 125
.2
QitOO
.1 75

s 50
E
~ 25!0o

CAse TEMPERATURE
DISSh'ATION DeRATING CURve

THERIVAL INFORMATION

FREE·AIR TEMPERA TURE
DISSIPATION DERATING CURve

~
ROIJC'<)CIW

~

I~
I"" '.

:""
25 60 76 lQO 125 150

TC-C". Tomp.r.I\l,.-·C

FIGURES

I

~ ROJA .:; 36.1" C/W

r-,
'\ -.

~
'\

'\
25 60 76 lQO 125
TA-F,~ .. Alr T.m"",.lur._oC

FIGURE 10

6·182 "> TEXAS ~
INSTRUMENTS

roSY OfFICE BOXmol1 • bALLAS, nKo\S n'a'Os

150

.~ ~
*'., 1,.

T1P145,np14~, 'l1P147
P·N·P DARLINGTON·CONNECTED
SILICON POWER TRANSIt:TORS

REVISED OCTOIlER 1ga'

• Posionod for Complomentary Use With TIP'140, TIP141, TIP142
., 125 W ot 25· C COlO Temperature

• 10 A Roted Collector Curront
• Min hFI; of 1000at 4 V, 5A

• 100 mJ Rovorsu Energy Rating

dovloo schematic

It; .\",;.

'MITTEn
CO~L~CTon

DAilE

,--------I
p_J
I
f
I
I
I
I
L_..:12~n_.:J22..'l.. TilE COLLECTOR IGIN ELEcrRICAL

CONTACT \'11TH ,,.B MOUNTING TAD

absolute ma~lmum rutlngs at 26°C CBSO tomperature (U!llbBiI otherWlao noted)
T1P146 T1P146 T1P147

COlloctOI'IlBDU voltage -60V -BO\l -I(1OV
Colla(:tot'lIm!11er vohage liB = Ot -60V -BOV -I(1OV
E.lnluar·~oll1 VOIU!OD -5\1
Continuoul c:o!fac:(or ~urrQnr -lOA
Pnk connctor CUrlent Ina Note 1) -16A
C0n110UOUS bes& CU"Dnt ...0.6A
51tlQ()pDtJtlng {HO(l1 at lor bolow) _~5°c:.eeee 10mporllituro SeQ Flguut. 7 .end S
Conl!nut)ul do..,,,:o tlio.lpaUon at (or below) 26"0 CliO teMperature l&oeNoto 21 12GW
Conunuo~", devlco d,,,IPPUDIl8\ tor bolowl26"C trDIt'lm lompGraHHOIROU NO~o3) 3,5W
Unt::ll)mpn~ mdlJcWlflload anorov I."., No,a 41 l00mJ
OperDling colleclor JunctlQn Met '~O,tlQoIcmpCI,lIlufl:! fangO' _65"C tc 160"1:

Lud ,anwar.(Ufa :.J.2 mm 10,1 =t5lOChl from COlO lot '0 seconds 21lO"C

')

NOTES: I,
:l,
3,
4,

Thl, VillvB IIppllo. h I ',w":O.3 tn., dutY eyelo < 10% •
Pa,.t~ lIt1ur'v to .: .)0(: 111.., temporatura IU th"ate Df ,W/CC Of refer to Dlulp.llon DlulI~l"gCU~O, Figure O.
OOU~lD lIourlv to 1 SOoc 'reo·.lr \amperatUfo at thillafo Q128 mW/DC; or rohlt 10 PI •• lplltlon Oar8(!?lg C\lrvCl, Fig, ... 10.
Thhl rating Is baud on the capebUlt'(of the ,tln.J.DIOflll0 oJ)'rtUa .o;oly In the chcuh of FigUre 2.L • 2Q mH, RaU2 • 100 a,
VOB2. OV,AS. O.1Q,VCC It !'.I:OV,EnerOVCllc2Lf%.

j", 'Ii .J/;a
" EXASV

INSTRUMENTS



T1P140. T1P141. TIP142
N-P·N DARLINGTON-CONNI:CTED
SILICON POWEfl TRANSISToRS

------'----------P~A~R~A·~M~~=E~R~M~E~A~S~V~RE~M~E~N~T-'N-F-Oru'-~-T~'O-N---------------

INPUT

TEST CI~CUIT

~ t-4- 'w""?nw.
I1 I I...NOI.A)

VO~~mO~.-sV-- - .
I I I

." ••,'~~,i ~4ioO",,~ " I.
)) I I

, I"" I I, ) I ) I
3"OA~_I~- ~_~I~- 1 __

COLL£,iTOA I .- I
CURRENT 0 I I I

. i I I I II
I I I I I I

VIDR)CER __ L __ ) I ,.~ __ ~ I I__

I I
I i
I I

I

COLLECTOR
VOLTAGE

20V

VOLTAGE AND CURRENT WAVEFORMS

NOTE A: lnput p,Jlla dUfftt!on Is Increased until leM .. '3.10 A.' .:I';

, •• ~ •• ~"'. -t· •• FIGURE 2. INOUCTIVHOAO SWITCHING
·~·tI I W

'_ .:~ ", ", ·J';f.i
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T1P140, TIP14', TIP142
N-P-N DARLINGTON-CONNECTED
. SILICON POWER TRANSISTORS

TYPICAL CHARACTERISTICS~i STAnC FORWARD CU~~ENTTR"\NSFER RATIO

COLLECTOR CURREN,.

r- ~c~!.\V Jr- S,. Not., 5 and 6

I

~ L. ~Tc· 100·C
k:::::-"" t:. rc- 25·~_......

1-1c· _55°C. '. _L _l J.1k

0 t:tt

·8
~ 1
I'
tl!
.c 40

0.4
)C - CoII.ctor Cur"..! - A.

FIGURE 3

". COLLECTOR· EMITTER SAtURATION VOL ,AGE
vs '1(."; hor .' i"'"

CASnEMPERATUREI>
I

t
~
ia

'.:I

t
IU,

I

s•• No,,~6 and G1
) 1~.Aom~.,J.,6~

2.

V r-""
,"", V
~

.._ ~ ~.....
I-- l-I-1

IB"'OmA,Ic-5A·
~

~
1~.~mA Ic~A-

4 1 I·j 'I J
I,

r
~0'_75
'L_~. .1

\fI.lr '!;

10

, ,

BASE·GMITTER VOLTAGE
,. va

CAl,e TEMPER,\TURE
4

3,0
>
I 3.2

t 2.B
;g 2.4

,~ 2
.fi
~ 1.6

~ 1.2;iJ,8
0.4

o
-75

VCE ~4 V
S.. Not .. 5 •• d 6

- Ic~ 10
1A_

id
t"-, v

~~~I'"r- r-
I'" t:: Ic~' A-.. t-

.,

~26 0 25 76 125
'. TC - CI18 T~mp.r.ture _.oC

~:::, ,FIGURF.4

, SMALL·SIGNAL COMMON-EMITTER
FORWARD CURRENTTRANSFER RATIO

175

;,

U)
())
o,->
Q)

Q
a.
i=

•
10'

"\
-25 0 25 75. 125 175
re - CIII TtMiptrat\lre..l °e._J r, ~J

1M FIGURE f;j ;:~
;,::(.1'\"",1. "'.'

Thelo pereme.ul's mutt be mealurad ullng puilio technlquel, tw iii ~OO~~I duty Qvc1e< 2 %,
Thou paremtuera lire meesured With val1ego'lonllng ccrueeu IUlpllf8tn IrOln tho curren'-ClrrylnQ con1.c" and (oclted
wUhln 3j2 mm 10, 1261nchl from tho device bttdy,

NOTES. 5.
6,

~," TEXAS ~
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TIP140, TIP141, TIP142
N·P-N DARLlNGTON-CONNFiCTED
SILICON POWER TRANSISTORS
~~~~h:~::~~~~~~~~~::~~~~~------"aM--.a------.m..,ma----~...~Iootrlcol choractarlstlcs at 26°0 caBO temperature

PARAMmn nST CONDITIONS
TlPl4() TlP141 TlP142

MIN TYP MAX MIN TYP MAX MIN TVP MAX
UNIT

VIBR}CEO
Ie r:t 3QI'nA, 10 l1li 0,
Sea Note 6 60 BO 100 V

VeE. JOV, Ina 0 2
ICEO ~~:::~~:10 _0 2 mil

ta iii 0 2
vee tl GOV, Ie til. 0 1

'COO Vee 1;:1 aov. Ie til 0 I mil
'VCD 1;1 lOOV, Ie ~ 0 1

~ VEn;z 5V, Ie::. 0 2 2 2 rnA
Vce1ll4V, Ie = flA,

hFE
SeaNotu BandS 1000 1000 1000

VeE Q 4V. Ie a lOA,
508 NO'D. 5IJnd 0 600 SOO 600

VBE
Vce-AV, 'e. lOA,
Sao NaiDa 6 and 0 3 3 3 V

Ie alOmA, 'e J::: ~A.

VCEI .. t)
Sua Nolol 5 find e ~ 2 2

Ie J:I 40mA, tc 1:1 IDA,
V

SODNotOIl Gand 6 3 3 3

VF I~ 1;1 10A. 5011Notol band 6 3.5 -- ~,5 3.6 V

NOTES: 5, ThOle ptHnmellor. mUll bo measurud uling pulse techntques, tw t=I 300 fll, duty cycle < 2%.
O. Tholo paremeteta liro meeeured with voltag8'lonslng centeee uporata hom the cUrfent,clltrylng contact' and It't:& Jd

Within 3,2mm IO.125Inch) from the dlJVlco bod\'.

resIstive-land switching characterlstlcs at 26°0 case temperature
TEST CONDITIONS I MIN TYP MAX

0.0102 " - 40 mil.
see Figura t

Ie = lOA,
,-_-",,'---,..J..--..:V,PElolt! " -4.2V.

I
11

t Vollfjgo and current yeb '3ahown are nominal, aXllt1 VBlue! vary ,lIghtlV whh translltot parllmotofl,

5-178

....... ' ...,.-
I>I't .... ·~', I I •

, ",' i ,;.~,.,

•• , ! I' .: I' ! :,1:'.f ~.,

UNIT

" ,4__ J

_.f
I
'I

TlP140, Tlr14', TlP142
N-P-N DARLINGTON-CONNECTED

SILICON POWER TRANSISTORS------,----.--~~~~~~--------PARAMETI'R MEASURE:MENr INFORMATIOt.
INPUT
MONITOR

OUTPUT
MONITOR

IS6n

~-----4li------~
:riO pF

30n

Vaal ~ 44 V
ADJUST FOR
Von·42VAT
INPUT MONITon

TES," CIRCUIT

Von· 42 V --;;_r,;- ~ I1Ol4

INPUT OV - .. ----- +~
MO "TOR -4.2 V I lOll . I

I ,_ ! I

-"'onl I~ 'olf

I \

M~~~;~~'..~;:r-
NOTES, A. Vgonlla- 30.Vpullulnlos50Dtormlnatltm, , '" ,t," I'l'

B, Tho Vgon weveteen II lupphed by Bgonerator whh tho following c:haractarl,tlclu Ir < '6 nil tr" 16 n•• Zout • 50 il,

C, Wa~et~~~:t!~t~~~~I:f~ !n~~ olcilloscope with tho following ~hBractlfl.tlc'l tr" 15 nfl, Rln ~ 10 MQ,Cln"; 1 1.~ pF,
D. RoslslbfS must be noninducU\lo Wpoa, • ..,.,.
E. Thq c-c power supplies may requlro Dddltlonal bvpas~lng In order to mlnlmhe rlnglno.

.' ,n'

FIGURE 1. RESISTIVE-LOAD SWITCHING, " .., .

•II)Q)CJ.s:
Q)

Q
Il..
i=

~.,
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T1P140. T1P'I41. T1P14i!
N·I'·N DARLINGTON·CONNECTED

SILICON POWER TRANSistORS
REVISEIlOCTODER ;OB'-

• DesIgned For Complementary !Jtlll With. TIP1411, TIP145, T1P147
,'\, '.,. 125Wot26°CCosaTomporoturo

e' '0 A Retod CoUootor Cl1"Otlt
.' MlnhFEof1000014V,5A •

100mJ Revorse Enorgv RatInge

~ovlce8chamellc ,,\

I
1,...~. cr--------- ----,

I I
B
I I
I I
I I
I I

,'-
I I
I I'
I .. 1Okn "'1t\on I
-I I1..-------------..1t- ,_

'I

EMITTER

'*." ".' .' .: ' .CO~L.. EC.TOR
bASE

"'.:' ,

€:I ..:_,

I~ ; 1. '_~~' ... ~

l':I i
THE COLLECTOR Is IN ELECTntCAL
CONTACT WITH THE MOUNTING TAO

abnoltilo maximum ratIngs at 25°C case temperature lunloss'othorwlS9 noted) '" , "

TlPl42TIPI40 llP141

SV

BOV, IOOVSOV
CoUpc\pr-emlnor vallDDn lin ra 0) BOV ICOVSOV
EmIHor·bDSU YQllDDn
Conunuous coUtlct", CUnen\ 10A

PDDkco
i
loCl0rcun

e
nlino NOIQ 11 ""===== -!---~~~=gl,;::56:.;AA;,.".,=-----,-lIl.Contjnuoullo bOlo CUff On[ .rc

StIll DptWtUna MpbD III lor beloW) ;!'6"C COlD tomporaturo SeD Figure. 'I and 0

Contlnuou, do""ce dllSllpolion at lot bolo'N12SoC cain tamperbt~re 11100Noto 21 126 W
Contmuol.jS dtllJica ~'lIItpIIUon at IQr bolowl'2SOC Iroe-a" l(lmpDtll::.:1U;;;I.:.:I;.;'U~•.,.:;N;.;OI;;.',;;31~+- -;3;;,,6~W::-:- ~-l a)
Unclampad mducU":-. ;,,~"o,_ QV Ilca_Nolo 41 ._ 100m) CD
Opore1tng COli, ·~,7ju~' .md lS1_o;ogo{ornper,,(urc (lingo - tl5°C"lO 16000 .g

~~U( ."7""~.~;·i11D.126Inch)ltomca'8Io"Osocond' 260OC.,.
IIIctIOlES, ~'6~~:r:~~:D:~,~'~~··:;61~:~;~~~:a~~~~~C!~~!~B~'ot1 W/OC ~rrafor 1001aslpotlon Oe,itino CurVo, Flguro 9.

3, Oiwl\6l1nat.rly to 1500C freo.alr tamporMure allha fate of 21;)mWJ~ or rater to Olsalpatlon Ollratlng CUI'.Jo, Figura 10.
4. ThIs rAting Ii based on tho cepnbllUv at thl) \ranal"ors to operate ,. llliV In the cl(cule or FlgUfo 2. L .. 2DmHf ASR2 .~ lOCs),

liOB2· OV, Rs • 0,1 p, vee - 20V, Eno/Qv=lc2L/2,

Il.;:

".

', .... ....1" '" 'I,.



This section aims to resolve any system malfunctions that may occur during
operation.

Symptom: The z-exis does not reverse when instructed.

This is due that the pinout (see description of the control circuit) of the PC36 has not
reset Itself. The problem generally only occurs on start-up, Inside the electric panel
there is a mlcroswltch that connects the pin to ground via a high impedance.
Pressing the mloroswltch forces the pin to ground and resolves the problem. If the
problem still persists then rebooting the PC and switching everything off will help.

Symptom: The x-exis and y-exi« moves slow at first, then speeds up after a period
of operation.

This is due to the non linear operation of the power transistors with Increasing case
temperature. At first the power transistors allow a certain current to pass, and
thereafter, as they heat up, allow more current to pass.

Symptom: The y-axis vibrates when in motion.

This is due to the ballscrews have been machined off centre and thus do not rotate
about their centre. A seeder block is required to be placed in the bearing housing to
absorb the vibrations.

Symptom: The Z-axis fails to position itself correctly (or the pick operation.

This is due to the power supply to drive the Z-mo1.01'is rated at 24 V when the In fact
the power supply required Is 16 V, and thus the RPM of the Z-motor are too hi!~hfor
the successful stopping of the Z-motor.
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IOK

loK

AUTOMOTIVE ACTUATOn

lOR

I'lozo
Microposlllonor Orlvo

-175

PIElO
·"'~ICRO •
..J_f0srnONER

=1=

2K

~ I!1F

CURRENT CONTROL
SOLENOID OR UNEAR ACTUAl OR DRIVE

.a:200mNV cUffonl output

I"'A~::r
Industry's Highest Voltage

Ell :t60()V '1IJlI.I~'
.. 75111.-\ UIIIIIIII
.. akllz 1,,1\.,','hlll101wiohh
II (,,0111:\ mux qllie::wIHIl (!\U'I'tU,t

ill Inl'III OIT'I'1 Vullllg" 2mV UlUX

.1100V SINGLE AXIS MICRO'POSITIONING

v""
i>':-1-~-c""o:'",

IO\CllellhOno
linD

TELEPHONE LINE
RING GENERATOR

IOK

G~'ItV:]
10K 112 or~r~~~~.

v",tb~[+..-r1i2PA20~1I1 IR"1:~~'i <:;" :1; I!1F 1 LOAD
'V ~ CI;I'-----wv------ 'V

lOll

~~.l~,u
V"'~" 10K1' 'G-;A2G8JI,1l ;;;;T:~: ' II'!' l LOAD
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----WV-... . 'i/

IOI(

DUAL UNIPOLAR SOLENOID DRIVER
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lOll
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''111

PA881PA88M-High Voltage,
Low Quiescent Current
• ",225V H"Jll'ly
II 100rnl\ 1111111111
• 2.0u1A 1("1X (I"il~tl(~cn' '~Ill-rt'''t
1111 J'1'U!l"fiUlIlIII"'" uurrunt IiIIIIt
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A,

.225V
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II ±225V SII111lly
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• JIIgh rclluhlllty, mllitnry V("'~""1
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15V
2.51\ t 1$

~lSV
• 1.5IJF @ lSHz
1.2jiF @ 20Hz
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lOOK
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APEX POlNer Op Alnps
Circuit Diagrams and Applications Information

111POWER

R2

11VOLTAGE

Sli"~fcMotor Speed Cilntrol

HIGH SPEED

HIOfl SP"I]i) ZIGV ~flGV
ItYlll~lnOR _'
MONOLITHIC 1 ' ' . "AMP r- · · I, r

'V /' W005>--_*
f

Wv-·r.,/ / ~.' C-"V~b~,t /Y
Rr ~ RS

,

RI'~~--.,---.".,,-,..
VOUT r: Rs:;
_. /1 1OOV/IiS ~

l'o".,IjOWI111s.nlooili
oc: 11).,0010.111'
Tlio ,: O'~!IluH,·_"Oklit
nhor1 (lhr:ull "'mol

PromIU"1Qu~lItr AudIa AnII'

·(OOV \'

:t;l1(){)VSincla Axis Mlcro-PoslUonlng

n,

·200Y
OofomlnblclS<!llI1loltlcd Mirror J\muator



HIGH POWER

Model Internal
Power
Walts
Max

PMD 1000
PAO:3 500
PAQ3A
PA04 200
PA04A
PADS 250
PM5A
PAl2 125
PA12A
PA!2M1a03
PA12H
PM11'1 97
PA6.1A1"
PAa! M/0031"

PA511" 97
PASIA"I
PAS1MIS83'"
PA07 67
PA07A
PA07M161l3
PAID 07
PAIOA
PA10MI883
PA'73"\ 67
PA73M'883"
PAO! 67
PAD? 48
.PAellA
PA020 48
PA02M/B83
PA21 36
PA21A
PA21M
PA25 36
PM5A

PA26
PBSO
1'856
PS5BA

36
35
60

Output
Quwnt
(Conl.)

Amps" Min
50
30

20

..so

10
15

.1
10

10

5
" .

5

5
5

5

2,5
3,0
2,5
2,5
3,0

2,5

2
1,5
2,0

iSuppty
Range
Volls

MiniMax

15/100
15175

15/100

IS/50

10/45
la/50
10145

10145

10/86
10/40
10/36
1:1)50

10/45
ioso
10145
10130

10/26
7/19

2,5/20

2,5/25

2,5125

30/100
15/150

7/19

Saturation Slew Vos
@toMtlx Rate Initial
(Vs·V) ViliS mV

Valls, ~ax Typ Max

7,519,511) 45 10
7 B 2

,5
5,3/8.BII) 50 10

5
5,BI9,5I'1 100 10

5
646
7 :l
6 6
4 6
7 2,6 6
6 3
7
8 2,6 10

5
10

5 5

a
6
8

5

a 2,6 10

10 2,6 12
4 20 10

3
4 20 10

3
3.0 1.2 10
3.5 4
3.0 10
(3,0 1.2 10
s.s
3,0

11
11

1.2 10
100 1750
100 1500

DESC SMD AVAILABILITY
Apex Model Numbp.r SMD Part II
High Power
PA02M/S83 ''' ,.." "" .." .... ,"" .. 5962·9067901 HXC
PA07M/883 , " .."". , " .."" ..,," "", ..5962-9Q63801 H,(C
PA10M/U83 ,,,..,, ,, ,,,, ,, ,,,,,5962·9082801HXC
PA12M/BS3 , , ,,'" 5962·9065901 HXC
PA51M/a83 "''', "." ,'' .. ,.,,. 5962.8762002YC

6

65 50
50 ,2
25 ,1
50 2
50 ,2

151yp 1000
10 typ 250
151yp 1000
15 typ 1000
10typ 25

15typ 101)0

'/000
7000

Iq Gain BW Current
Praduct Limit
MHz
Typ

100
10 Ext Adj

lv Ext Ad)

30 1.3 ext Adl

30 6 Exl Ad)

5 Ext Adl

50 Ext Ad)
37 4,5 Ext Ad)

mA
Max

40
300

120

90

50

(Amps)

Exl Ad)
Thermal

2 t:xt Ad)

37
90

90

£)0 I ,6
16 2,5
12 2,5

ExtAdj

ExlAdj

Thermal Temp Packaging
Shutdown Range Type

"C
MiniMax

Yes -25185 SL15
Yes -25/85 MO'127

",'.
v,

2
,5
2
6
3
6

Vos vs Sias
Temp Curren I
IIV/"C nA
Max Max

50 ,05
30 .05
10 ,01
50 ,05
.'~o ,02

50 ,05
30 .02
65 30
40 20
65 30

30
65 30
40 20
65 30
65 40
40 20
65 40
30 ,05
10 ,01
30 ,05
65 30
40 20
65 30
65 40

4

110 4.5 Ext adj

6 (3)
(4)
(3)
(3)
(4)

I (3) I
Ext Ad)
ExtAdj

,6

No -25/85 MO'1~7

YeS '2~B51 MO'127

No -25/B5 TO'3
-55/125

.-25/200
No -25165 TO-S

-551125
No -25185 TO·3

11

1Spocilicatlons apply lor 'r~ ~ 25"C, unless olholWiso slnlod •SPOclflcu'llon is SDmO us noovo.

(1) 1st numbor wllh ~oosl VOliilgO ~ Va 't 5V; 2nd number without Boosl Vollono (~) Class 'Coo oulpul-Opllmll.ocllor low cost·-not rocommondod above 1KHz

1000

Yes -25/85 TO·3

-551125
No ~25185 TO'3

-551125

No -25/65 TO·3
-55/126

No -25185 TO·3
No -25/B5 TO·3

-55/125
No -25185 TO·3

-55/125
Yea -2518(; TO·3

-55/125
Yas -25185 TO·S

Yas

No
No

-25185

-26/85
-25/B5

TO·3

TO·3
TO·S

Apex Model Number SMD Part II
High Voltage
PAOBM/BS3 .... "" ..." ......... ,..""""",,,5EI62·9072301HXC
PA83M/883.,,,,,,,,,, .. ,,,,,,,,,,,,,,,,,, ..,,... 5962·9162101HXC
PA84M/S83 ".""",,,.596'2-9073601 HXC
High Speed
PA09M/883 ."" .."" ... "".""" ...... " .... 5962-9170001 HXC

...., - I~



HIGH VOLTAGE

Model

pAoa
PA09A
PA05
PAU5A
PA05M

PAOO
pA08A
PA8'lM
PA41
PA4IA
PA41M
PAoU..
PA41.A
PA4~
PAQav
PAOO 15/150

PAOOA
PADoM/aos
P050
P058A
PA03
PAW,
PA03M/003
PA84
PAa4A
PA04MI063
I'AU4S
PA02J
P8S0

Ph01J

;tSupply
Range
Volis

MInIMaK

50/501l

151225

151225

501175
50/175

50/17f

60/175

501175
50/175

151175

15/150 1500
2000

1~/150

15/150

701150 Hi
301100 2000

32175 30

Oulput
Currenl
(Corll)
mA,Mln

75

200

100

60

60

eo
60

60

60

150

75 "

40

Saturation
@toMnx
(V.. Vo)

Volts, Max

30

10

10

12
10

12

12

10

12
15

11

10

7

5
11
5

lnternal
Power
Walls
Max

12
12

12

9
9

9

17.5

17.5

175

11.5
(15

11.5

40

35

15

80

IiIGH SPEED

ISpacUicotions apply lor To e 25·0, unless olhllrwlse slaled.

Mo~ol

WAcl
WAOIA
WOOS
PI\05
PA05.~
PA05M
PAID
PAlM'
PAng
PAoOA
PAOOM/a03

Slow
Rale
Vi/IS
Typ

5000

10000
1000

900

400

Oulput
Ourront
(ConI.)

Amps., Min

.4

.2

;l;Suppty
Range
vous

MIniMax

1:>J16

5/1~

151225

15140

12140

Saturation
@loMax
(Vs·Vo)

Volts, Mnx

4

65
10

5

8

fSlmcilionllons apply lor To a 25"C, unlesn olhorwisEI stafud.

Slaw
Rate
ViliS
Typ

16

1000

lnternal
Powor
Walls
Max

106

400
SO

15
40

40

5

40
,to

~O

100 1750 7000

1000

30

200

20 3 25
roc 1750 7000

20 3 25

15
35

78

78

2

.5

4
60

30

60

GO
30

60

2

Vo~
vs Tem~
IlV/'C
Max

30

10

30
10

30

30
10
30
130

65
1:30

130

65

130
30

Bias
current

nA
Max

.01

.05

.05

Bias
Curran I

nA
Max

20000

10000
30000
.05
.01
,05

.2
,05

.1
.02
.1

,05

Vos
tnltlat
mV
Max

2

.5
2

.5

.5
?

3

1
:3
3

1
3

.05 6

.01

.05 25

.01

.05

.05 2

.01

.05

.05 2

.05 1.0

,0.5 2

I
05 I 2
.05 1.8

,05 2
.05 0.5

10
30

.01

.05

.05

.01

.05

.05

12

25
10
25

25

10
25

'/OS
vs Tmnp
fIV/"C
Max

50
25
500

30
10

30
30
10
30

10

30

lOA
Max

30

I,

rnA
Max

6.5

7.5

as
18
B.5

'Specilicalton Is same us abcvo.

'Spocllicalion Is same as above.

Von
Inlllni
IllV
M~x

10
I;

100

2
.5
?
:3
.5
:3

.5
3

30
25

120

65

Gain BW
Produci
MHz
Typ

100

1.6
1.6

16
1.6

16
1.0
6

25

76

5
2.5

6

GalnBW
Producl
MHz
Typ

250

100

100

150

2

5

Currenl
Limit

(Amps)

Exl Ad)

Ext Ad)

ExtAdJ

Ext Adj

EXIAdl

ExtAdl

Exl Ad)

Ext Adl

!:xl Adl
EXIAdJ

Ext Adl

(.1)

(.05)

(.025)

Exl Adl
(,05)

Curranl
Limit

(Amps)

(,G)

(1.5)

Exl AdJ

Ext Adj

(4.5)

Thermal
Shuldown

No

No
I\J
No

No

No
VQ5

Yes

ves

Yes
No

Yas

No

Temp
Range
'0

MIIVMox

-25/C

-25/05

-55/125

-25/85

-25/85
-25/05

-55/125

-25/85
-251BG

-55/125
-26/05

••5$/125

-25165

-25/85

-55/125
-25/BS

-551 ~5

-2",U5
0170

-25/05

ana

Packaging
Typo

MO'127

TO·3

TO·3

TO'3

TO·3

TO·3

TO·3

TO·3

TO·3

TO·3

1'0·3

No

No

No

No

Tornp Packaging
Range Type
'v

MIniMax

-25/1)5 TO·:!

Thermat
Shuldown

Yes

Yes

No
No

-l!5l6S TO·:!
-25/05 TO·3

-55/125
-25/85 TO·3

-25/85 TO·3

-55/1251

"\'.
v·.



. PA26 Dual Monolithic Power Op Amp
I(ey Features
ill Wide supply volt-

age range 6· 40V.
6 Dual arnplltlor.
CI Low cost.
• Common mode range includes

negative rail.
• Unity gain stable.
• Output of 3A x 2 (dual 3 amp)
• VCM:.: ground to Vss -2.
It V Sat = 2 V at 2.bA.
• Plastic SIP or TO-3 packages.
• Single supply circuits are easy

to implement.
9 Current sensing pins.
• GGod input offset & drift.

Typical Applicatiolls
• 12Vautomotive.
61 28V for military vehicles and

aircraft.
• Robotics.
• Consumer, aud: radio, t.v.

and toys.
• Computer per.pnerals,
• Power SUpplies.
• Brush type DC motor drives

unl- or bi- directional.
• Solenoid/actuator drive.
• Valve control.
(I Temperature and lamp

controllers.

• Microstepping applicatrons,
• Voltage regulators.
• Transducers (lncludlnq low

voltage Piezo).
• Multi phase motor drives.

FIGURE 1: BIDIRECTIONAL SPEED CONTROL
FROM A SINGLE SUPPLY

PA41/PA42 High Voltage Power Op Amp
Key Features
ill High Voltage operation Vss=3!:O
• High output current - 60mA.
• 40V/us slew rate.
• Low quiescent current - 2mA.
., Monolithic MOS technology.
• MOSFI;T design, no secondary

breakdown.
• Programmable current limit
• Low cost.

DK

Typical

Circuits

• Unity gain stability.
• 10'pin SIP package.
• 40V/us slew rate.
• 26 kHz power bandwidth.
• Common mode and differential

input protection.

Typical Applications
• Automatic test equipment for

pin drivers.
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o Vacuum tube interface.
• High voltage line driver.
• Electrolysis control,
• Electrostatlo:: deflection
• Plezo transducer control.
• Waveform generator output

stages.
• Pieza electric device amplifiers.
• Beam/CRT system deflection.
• E:lectrostatic lens control.

10K
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AUDIO BRIDGE

PO Bux4376
Cape Towo DCJDO

Fax:: (Oal.1 a4-4637
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Power OP Amps
These power operllllnnal amplifiers will be of great Use to designers and to engineers involved in
power control, ampilfiers, oscillators or switching.

The 65 different devices available from Eagle range from the new monolithic SIP or
103 packaged PA42 which is rated 350V at 60ma, and which Is ideal for bridge
amplifiers and plezo drives to the SIP or T03 packaged PA21/25/26. These three
devices are dual OP amps extensively used for motor drivers, power amps and
sale id drivers. Very high voltage (1200V), very high power (2000 WADS RMS),
and very high spsed (900VOLTS/~ts) and are high performance devices In the
product range.

/\pplili::aiions
\\I sonar
• programmable rHlIl/or supplies
i Voltage ..,currrHlI I:onversion
• POWE!rbcosters
• POWElramptiflers nuclio etc
, Ple,w drive clrculllj .

• Automatic test equipment
• High voltage line drivers
• Waveform generators
• Welding
e Motor drivers - half and full

brldge
• Multi phase mote r drives
• Magnetic deflectlon/tocus

Key IF:eatures
e Man)1industrial ar"l

communication fjf1,licalions
sllown on t~e apflW,f1tlons list.

e Low cost hIgh '(CiI1Jf<'.j1'}
monollthlc ampl!1Wff"lnow
available In SIP1(J/1'/'.42) or
TO·~\package (P"''I ().

t Prlm\~source for Q.\'1ices_
other second sour'A<3available.

• 65 Models to ChOf41 from.

• Very high Voltage Models - up
to ± 6DOV (12DOV rail to rail)
(PAS9).

e Very high speed models - 200
VOLT/fIS at 6 amps (PA19).

• Very high power models up to
2000 WATIS RMS (PA30).

• High speed buffers -15,000
VOLTS/flS at 0.5amps (Model
WBD5).

&I Very quick delivery.
• Competitive prices.

Typical Applications

+5V

11th!.
tI'l Voltage

SHUT OOWN
_..>...r;;-;;;-.... Of!~V~
DESIAED AI
POSITION

R2

• Electro-luminescent displays
• Lasers
" Biomedical
" Voltage regUlators
• Lamp controllers
• Solenoid/actuator drivers
" V~lve control
• Vacuum tube interface

• MIL SPEC devices available -
DESCSMD.

• Surface mount.
• Product handbook gives full

technical specifications
available.

• Excellent applications and
product support.

• Many low cost devices in the
range.

• High efficiency and low
distortion.

High Speed

"
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, THERMAL [JATA

i Rlhl·cm Thermal Resistance Junctlon·case (quarte bridge) Max 0.66 ·em !
I Alhl,cU8 Thermal Resistance Junction·case (diode) Max 1.1 ·em

L'RI_hc~'h__ ~T~h~e~rm~a~I~R~e~SI~st_a_nc_a~c_a_s_e'_h_ea_t_sl_n_X_W_I_lh_a_.o_n_d_uc_t_ly_e~~~~,~~ ~ ,_ Grease Applied Max 0.05 'eM I

ELECTRICAL CHARACTERISTICS (Te.... ,,25°C unless othernlse specified)

SYmbol ?arDm&ler

2.6 3.3

Min.Test r.ondltlons Typ. Max, Unit

I ICES !COlieClor CUI·off
: .CUfrllr.1 (Vae • 0)

VcE. 500 V
VeE a 400 V TJ'" 25°C 3

2 rnA
10 rnA

i ICEV ICOIIOOto. r Out·off
~~ent (VeE"'2 V)
; leeO Emitter Cut·off Current
, (Ie' 0)

Vce· 500 V
Yep, 400 V rl. 125 ·0
VEe" 2 V

2 rnA
10 rnA

90 rnA

V VI
2.5 ,

VCE'i"I' Collector-Emitter
Saturatlqn Voltage

Ie .. 30 A 10 .. 2 A
Ie • 40 A Ie .. 4 A

1.5
'.9

Vee''''I' Base-Emiller
Saturation Vollage

Ie .. 40 A Ie .. 4 A

hFE' DC Current Gain lc .. 30 A VeE" 5 V 40 50 I'

~ -t~~~~~~~ __-+.17c_"_4~O~A~~V~eE~..~3~V~ ~~'6~_+-__-4 ~ __
INDUOTIVE LOAD Vee. 50 V Ie'" 30 A I

I. Slorage Time Ie. c 2 A VaF(olll= .5 V '.3 ~ ~s
~ Fall Time TIS 125"0 (see lest clrcults) 0.2 0.7 ~s! v;--~··~··~~~~--~~~~~~~~--~---~~~~~~
f-_;.:..F_-t:D,;,;lo:.:d~e...:F::o::.r.::w.::a:.:rd:...V:.;o:.:lt::a:;!:g:.e+IF_;.:..3:.0::...:.:A__ -:- -----+--+-~.l~~2--+--'V-
,-_t,_, __ -=D",IO;:.d:;_e;";:R",S,,,V,.:,8,;;,rs:;,;s:.....__ ..c,_IF_",_3_O_A __ d_"_d_t_=_'_OO__ A_IIl_S -L_. i 0.2 1 0.5 ~s. Recovery Time
• Pulned:PUloeduration. 300 us, dutycyole1.5%

Sale Operating Areas Thermal Impedance

1
I

214~---------------------~~~~~~~~-----------------------
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rrfllcal VF Versus IF

ceISUG
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10'

rSWltchlng 'rImes Inductive Load Versus
emll~rature
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r r r I I
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SGS300fa045D
HALF BRIDGE NPN DARLINGTON

POWER MODULE

I POWER MODULE WITH INTERNAL ISOLA-
TION(250DV RMS)
LOWRIOJUNCTION TO CASE

, FREEWHELlNG DIODE
, ADAPTEo(1FOR HIGH POWER SWITCHING
APPLICATIONS

INDUSTRIALAPPLICATIONS:
• MOTOR CONTROL
• HIGH POWER SMPS AND UPS

TRANS PACK (TO·240)

INTERNAL SCHEMATIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

! symbQ',T----~. -----j;-;;;;e-;;;:------- _-_ Value -"Unll-I

VCEO 'Colleclor-Emiller Vo~l:.:ta",ge~lle7--=::.;:.0)~ __:I- -:4~5.=-O I--7-V:-l
!Coliector·Emltter Voltage (VBe= 0) 600 V
Coliactor.Emltter Voltag~ (VSE = -2V) 600 V

VEeo E'mhio1r·Base\'ollage (lc ~ 0) 7 V
Ic ,- :i,: ;i·::..r.::.C~u:.:.rre:.:n.:.:.t__ ~ + ::::30::._ --+_;:A:....._j
-Ie i AOVl.'I·:l Collector Current 30 A
Ie IBase Current 6 A

- IC5M ICollector Surge Current 300 A
PIOI 'Total Dissipation at T, = 25 DC 375 W i
Tslg IStorage Temperature -55 to 150 rrl
T, Max. Operating Junction Temperature 150 ·C

Viso In5ulo1110nWithstand Voltage (AC-RMSI 2500 V

July 1990 114
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Typical VF Versus IF

2

-Vee(V)

1---

1..5

10' -Je (AI

Switching Times lnductlv-: Lcad Versus
Temperature

CtlUtC

I
Vclamp = sao v .\~,-,..- Ic,,15A

I- \1"1,11)" -5V 11- L" 500 ILH
hrc" I0 J

V
V ~ -- I,

~ V
~ ~

0
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10
50 75 100 TJ('C)25

Switching Times Test Circuli

Switching Times Inductive Load

RBSOA Test Circuit

I, adlusled tor ncmtnal le: 1011.· ,e

VClorrt:l

.lJlyl990
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SGS30DB040D
HALF BRIDGE NPN DARLINGTON

POWER MODULE

I POWER MODULE WITH INTERNAL ISOLA-
TION (2500V RMS)

I LOW RlhJUNCTION TO CASE
• FREEWHELING DIODE
I ADAPTED FOR HIGH POWER SWITCHING
APPLICATIONS

INDUSTRIAL APPLICATIONS:
I MOTOR CONTROL
I HIGH POWER SMPS AND U: .-
• HIGH POWER DC/DC ,\ r) DC/AC
CONVE~nERS

ABSOl.UTE MAXIMUM RATINGS

"I

I

TRANSPACK (T0-240)

\
I

I

I
1Itl typ eo Ohm R, Iyp I~O Ohm

I.- _j

INTERNAL SCHEMATIC OIAGRAM

Symbol I Parameter value I Unlil
V'EO ICollector.Emlller Voltage (Is = 0) 400 I V \

VeEs Collector-Emiller Voltage (Vso= 0) 500 1 V, i
VCEV Collector-Emiller Vollage (VaE = -2V) 500 1_Lj
VCBO Collector-Base Voltage (iE = 0) 500 I V
VEBO Emltter-Baso Vollage (Ie = 0) 7 VI
lc Collector Current 30 A 1
-Ic Reverse collectcr CUrrent 30 Ai
Ie Base Current 6 ~

·ICSM Collector Surge Current 300 A:-l
P,,, Totai Dissipation at Te = 25 °0 375 IN

--r;;;-1Storage Temperature -55 to 150 °0 i
r, IMax. Operating Junction Temperature 150 oci

V,so [tnsutaucn Withstand Voltage (AO-RMS) 2500 .-Yl-
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