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CHAPTER 1

INTRODUCTION



INTRODUGTION
1.1 HISTORY OF THE LATHT
"It is conceded that of all the machines employed by the
mechanic to aid him in his work, the lathe holds the honor of

having been the first machine toel. From it, in one way or an-
other, all other machine tools have been developed."™

This quote from Oscar E. Perrigo's book, Lathe Design, sums up the

importance of the lathe to the development of all machine tools (2).

A lathe is a machine which rotates a workpiece around a central
axls agalnst a fixed tool. The essential components of a lathe are
the headstock, tailstock, carriage, and frame, Figure 1 shows these
components in block form. The headstock 1s the device which transmits
rotation to the workpilece. The tailstock is used to support the end
of the workpliece opposite to the headstock, The carriage of cross-~
slide is the mechanism which supports and moves the cutting tool. It
can travel along the Z axils (between the headstock and the tallstock)
and it supports the cross-feed which can travel along the X axls (per-
pendicular to the Z axis or moving into or away froem the workpiece),
The carriage may alsc support a compound rest. The compound rest is
similar to the cross-feed mechanism except that it has a much shorter
length of movement. It is used for making angular cuts and short tapers,
The frame 1s the part of the machine which holds and supports the rest
of the lathe, It consists of the bed and legs. The legs support the
ted and the bed supports the tool and the work. The bed also absorbs

the forces associated with the cutting of the workpliece, These are

* Oscar E. Perrigo, Lathe Design, The Norman W. Henry FPublishing Co.,
New York, NY, 1917
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the essential components of an engine lathe.

The lathe's long history began about seven hundred years before
Christ when the tree lathe was in use. This lathe was very simple in
constructlon and operation. To use the tree lathe, a craftsman would
go into a wooded area and find two trees the proper distance apart and
then, with his axe, he would fashion two pointed pleces of wood to serve
as the centers for the turning of his workplece. These centers were
either lashed securely to the two trees or driven into the sides of
these trees, Another plece of wood was secured across ths span of the
two trees to serve as a tool rest. The piece to be turned was then
placed between the two centers which means that the piece to be turned
runs parallel to the tool rest. A rope, connected at one end to a
springy bough or sapling which was above the workplece, was wound a-
round the workplece and then dropped to the ground. The loose end was
tied into a loop for the man's foot. This constituted the power source
of the tree lathe., As the foot was brought to the ground, the bough
was deflected and the workpiece turned. When the workplece had stopped
turning, the foot was released and the bough sprang back into position
readying the piece for turning again, This set-up allowed the workman
to make a cut only while he was depressing the rope, but the craftsmen
of thlis era became very adept at this practice and could produce a
quality product.

The next major form of the lathe was the pole lathe. This lathe
was driven in much the same manner as the tree lathe, but was used in-
doors., Replacing the springy sapling or bough was a pole which was
attached to the ceiling above the machine and worked in the same manner

as the bough or the sapling had worked. This pole was called a "lath”



and it has been speculated that this is where the term, "lathe", came
from., The higgest difference with this lathe, however, was that the
basics of a machine had been developed (2). The pole lathe had a head
stock whlch was used for transmitting the turning of the workpiece from
a drive pulley that was connected to the lath cord, an adjustable tail-
stock to hold the workpiece between it's centers, an adjustable tool
rest, and a wooden bed mounted on legs. This basic lathe was in use

as early as 757 A.D. (1).

One variation of the spring pole lathe was called the "bow" orx
"fiddle bow" lathe, The only difference between the fiddle bow lathe
and the spring pole lathe was in the drive of the workpiece. A coxrd
was still wound around a driving pulley, but it was attached to a bow
which was pushed back and forth to turn the piece instead of depressing
the footloop as was done to power the pole lathe, Some of the smaller
bow lathes were operable by one man, but most required an assistant to
run the bow to power the lathe.

The next major improvement to the lathe was the introduction of a
flywheel to the drive mechanism (2). In using the lathe, it had been
noticed that when one had a heavy workpiece, the release of the cutting
tool before the power stroke was finished resulted in the continued
turning of the workpiece during the return stroke, This led to the in-
troduction of the flywheel and thus, the first continuous turning of a
workplece,

The productlon of a drive pulley with more than one diameter was
a small, but significant improvement (2). Now the mechanic could vary
the speed at which the workplece was turned for a more efficient oper-

ation,



Perhaps one of the greatest advances was the introductlon of the
cross-slide or carriage (1). The control of the tool was taken from the
hands of the machinist and put into a mechanical device, The cross-
slide was in use as early as 1480 A.D. and consisted of the major ele-
ments found in the present day cross-slides. It had the cutting tool,
a holdiné screw for the tool, and a speclal recess for the toocl to keep
it from twlsting or turning. The tool holder was mounted on a mechan-
ism which incorporated a screw connected to a crank which operated the
cross-feed, This was fitted on another device which allowed the entire
cross-slide to move along the Z axls (the longitudinal axis), Thus the
major elements of the lathe were developed by 1500 A.D.

Some of the improvements that needed to be made, however, included
the construction of a heavier bed, the improvement of the accuracy of
the lead screw threads, and the application of an external, constant
source of power. Henry Maudslay was the man called upeon to bring all
of these components together into one machine,

It was Maudslay who also recognized the need for precision flat
surfaces on whilch to mount the cross-slide, headstock, and tailstock
(1). He recognized the need for a precision lead screw and for spindle
bearings and tailstock centers to ensure the precision rotation of the
workpiece. Maudslay, by 1825, had combined all of these features into
an industrial size lathe which was suitable for turning metal (1),

This lathe had all of the essential components of a modern lathe,
1.2 HISTORY OF NUMERICAL CONTROL

Numerical control 1is a system of control which uses numerical

codes as directlons for driving a machine, The control medium for



these codes can range from punched paper tape and recorded tapes or
discs to the direct system control that a computer can maintain,

The first proposal for a numerically controllsd machine came in
1949 from the Parsons Company (3), Parsons had a need for a machine
that could accurately mill the complex forms of the helicopter blades
that they manufactured. Their proposal was to utilize computer rou-
tines to operate a milling machine on a point-to-point system, This
proposal was submitted to the U,S, Alr Force.

Eventually, the Air Force sent this project to the Massachusetts
Institute of Technology (MIT) and a prototype NC milling machine with
three-axis control was developed in 1952 (3). The machine utilized
punched paper tape as the control medium and operated by sending elec-
trical pulses to move the machine in the desired direction, The first
system was driven by a huge vacuum tube computer which actually took
more space than the milling machine itself, 3But as time went on the
control units became and are still becoming smaller and smaller,

This system was widely acclaimed when it came out and by 1957 the
first NC systems were being installed in industry (3). The software
required to drive these systems was very bulky and inefficient., To
get around this problem, Arnold Siegel of MIT proposed an automatic
programming system in 1956, The system was to allow the programmer to
talk to the computer in simple English-like language. It was to be
called APT--Automatically Programmed Tools (3). This was a very im-
portant step in the development of computer-aided manufacturing,

In the 1960's, the NC systems became more accurate and easier to
operate, At the same time, they were developing in two different di-

rections., The first direction was that of remote control. Remotes con-



trol means that the tool path is not actually calculated by the NC
system but is calculated elsewhere and the machine movements correspond-
ing to this calculated tool path are communicated to the NC system.

The second direction of development was that of interpolation at the
machine control unit., This concept meant that only the starting and
ending points of a segment would be specified by the operator and the
machine would interpolate the rest of the tool path.

In the 1970's these two directions developed into the DNC (Direct
Numerical Control) and the GNC (Computer Numerical Control) systems
(3). With DNC, one computer drives several NC machines. The computer
simply transmits the codes to drive the machines directly to the NC
system. With CONC, one computer is dedicated to one NC machine. In the
CNC system, we may have interaction between the NC machine and the com-
puter. As computers become smaller and cheaper, we will find that these
CNC gystems will become more attractive,

Some recent research in the area of CNC systems was done in the
Department of Industrial Engineering laboratories at Kansas State Uni-
versity by Dr. John E. Biegel and Mr. Bruce P. Mignano (4). They de-
veloped, in 1980, a system whereby a microcomputer was used to control
a two axis milling machine driven by DC stepper motors.

One of the most important advances of this research was that a
milling machine and not an NC milling machine was the recipient of this
modification to become a computer controlled system. This was important
because at the present time it 1s not possible to buy an interface
system to convert a machine tool to computer control. Presently, if a
shop wishes to have an NC machine, it must buy an NC system from a tool

manufacturer, But as the microcomputer is inexpensive and the inter-



faces between a machlne tool and a microcomputer become available, every

machine shop will have the opportunity of becoming computerized.
1.3 PROBLEM STATEMENT

To design, build, and test an interface between a microcomputer and

an engine lathe,
1.4 PURPOSE

To provide an inexpensive alternative to the numerically controlled
machining system,

At the present time, it is not possible to purchase a little black
box which one may connect up to an engine lathe to convert it into a
computer controlled machine. If one wishes to have some sort of numer-
ically controlled system, he must purchase an NC machine from a machine
tool manufacturer. It is the objective of this research to use a micro-
computer to provide an inexpensive way for the average machine shop to

obtain the advantages of computer controlled machinery.
1.5 METHCD

The process of interfacing a lathe and a mlcrocomputer consisted
of three phases: 1) Design, 2) Construction, and 3) Testing., The first
phase consisted of the design of the electronic circuitry necessary for
the Interface. The second phase consisted of the actual construction
of these circuits and fitting them together with the lathe and the mi-
crocomputer, The final phase was to test the feasibility of the systenm

by producing a predetermined part configuration in acrylic plastic.



1.6  EQUIPMENT

The equipment used in this research 1s described below:

The lathe is manufactured by Sherline Products, Inc.” It has a
spindle speed capability ranging from 200 to 2000 rpm. There are two
1/100 HP AC reversible motors mounted to drive the cross-feed and the
carriage~feed. The cross-feed motor is geared down to 4 rpm while the
carriage-feed motor is geared down to 63 rpm. The lead screws along
both axes are cut to 20 threads per inch., The handwheels controlling
the screws are divided into 50 graduations. The graduations are spaced
so that each graduation represents a ,001 inch linear travel along ei-
ther the X axis (cross-feed or part radius) or the Z axis (carriage-
feed)., The maximum swing over the carriage is 1.75 inches. The maxi-

mum distance between centers is 8 inches. The tailstock spindle can

travel 1.5 inches and the cross-slide can travel 2,25 inches. The lathe

can be set up In an area that is 2 ft, by 1 ft,
The microcomputer is the MMD-1 manufactured by E & L Instruments,

# This microcomputer utilizes the 8080A microprocessor made by

Ine.
Intel. The RAM (Random Access Memory) for this microcomputer has a
capacity of 512 words. An additional 1024 words of RAM was added by
expanding the microcomputer with an Mi# board. The word size for this
system is one byte (eight bits)., The M1 board also provides an audio
recorder interface which will allow programs to be stored on and re-

trieved from cassette tapes. Data and the initial program can be enter-

ed by the use of a 16 key keyboard, Data may also be brought into the

*
Sherline Products, Inc,, 170 Navajo Street, San Marcos, CA

# % & L Instruments, Inc,, Derby, CT

10



system or output from the system through the computer's special inter-
face sockets., All programming is in a2 machine language coded in a base

elght or octal numerical system.
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DESIGN
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DESIGN

2.1 GENERAL CONCEPT OF OPERATION

To provide the interface between a microcomputer and a lathe, it
will be necessary to have two way communication between the microcom-
puter and the lathe., The microcomputer will send directions to the AC
reversible motors to turn them on or off and the lathe must communicate
it's tool position back to the microcomputer., BElectronic circuits are
needed, then, to take digital (5VDC) instructions from the program in
the mlcrocomputer and use them to drive the AC (110 V) reversible mo-
tors. Other circuits will be required to wateh the continuous feed
along the X and Z axes and communicate the position of the tool (in
digital form) to the mlcrocomputer. Figure 2 depicts this relationship

in a block diagram.
2.2 MACHINABILITY DATA

The material used in this project was acrylic plastic. The machin-

ability data for thils material is listed in Table 1,

Table 1. Machinability Data For Acrylic Plastic (5)

SPEED 50--100 sfps

FEED .003-,008 in/rev

TOOL High Speed Steel or Carbilde
COOLING Dry, Alr Jet

Using a cutting speed of V sfpm (surface feet per second) and a work-
plece diameter of 1 inch, we find the following relationship for spin-

dle speed:



Microcomputer

:

Mator Drive
Circuits

Cross—Feed
"
Motor

Carriage-Feed
-5
Mator

Lathe
Tool Position

Counter Circuit
Cross-Feed

Fig, 2.

General Concept of Operation

Counter Circuit
Cariage-Feed

14



15

N (rpn) = (12 * V)/( 7% D) * (1 min/60 sec)
Noting that V can range from 50 to 100 sfps for acrylic plastic, the

spindle speed range for the lathe can be calculated asi:

[H]

Ny = (12 % 300)/(3.1416 * 1) * (1/60) = 19,2 rev/sec &

N, = (12 * 600)/(3.1416 * 1) * (1/60)

38.3 rev/sec
However, the maximum possible spindle speed is 33.3 rps. So the usable
spindle speed range is 19,2 to 33.3 rps.

The feed will be determined by the carriage-feed motor speed. The
motor runs at 1,05 rps and moves the carriage .05 inches/revolution.
Therefore, the feed is .0525 inches/sec (1.05 rps * .05 ipr) along the
7 axis, To find the feed in ipr (inches/revolution), we will need to
use the spindle speeds calculated above:

i

.0525 in/sec * 1 sec/19.2 rps = ,0027 ipr

1

£, = .0525 in/sec * 1 sec/33.3 rps

Neither one of these feed rates meets the minimum feed rate specified

L0016 ipr

in Table 1. For the purpose of this project, z high quality cut is not
needed. The feasibility of the system can be shown with a comparably

rough cut., It should be noted that if a high quality cut is necessary,
the AC reversible motor which drives the carriage-feed can be connected
to a gearbox which will allow it to turn at a faster rate (for N = 19,2
rps, a feed rate of ,003 ipr would require that the carriage-feed screw
turn at 1.15 rps while a feed rate of ,008 ipr requires the carriage-

feed screw to turm at 3.07 rps.)

2.3 BASIC OPERATION OF THE MMD-1

Being part of the microelectronic world, the MMD-1 lives complete-

ly in digital communication. It recognizes only two different signals:



16

1) +5 volts and 2) Ground. When a digital clrcuit encounters a poten-
tial of +5 volts (actuallr 2.4 to 5.5 VDC}, it recognizes this as a "i"
and when it encounters a ground potential (actually 0,0 to O.4 VDC), the
digital circuit associates this state with a "0"., These two signals,

a "1" and a "0", constitute the entire language of the MMD-1. To the
MMD-1, a device 1s elther ON or it is QOFF.

The smallest unit of communication is the bit (binary digit),

This 1s one unit of information, either a "1" or a "0", Most commonly,
however, the MMD-1 talks in it's own word system. The words in this
system consist of combinations of eight bits., These eight contiguous
bits are also known as one byte.

The computer sends all of it's communication along bus lines.
These bus lines are paths by which information can be exchanged. One
important characteristic of a bus is that only one transfer of infor-
mation can take place at any one time.

The important busses to this research are the address bus and the
bi-directional data bus, The address bus is used to identify memory
locations or 1/0 (input/butput) devices and the bi-directional data
bus can be used to either input or output information between the mi-

crocomputer and the 1/0 devices.
2.4 DECODER CIRCUIT

To direct the electronic circultry required to interface the lathe
to the microcomputer, the microcomputer must be able to address the
different circuits involved and be able to synchronize the actions of
these devices and the microcomputer., & block diagram of the circuit

designed for this purpose is showm in Figure 3.
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The decoder eircuit is to decode the low address byte, when it is
avallable on the address bus, and choose a unique t/0 (Input/butput)
device. Because there are only twelve different I/0 device signals
needed for this interface, only the four lowest address bits, AO’ Ai’

A,, and A, need to be decoded. These four address bits are capable of

2" 3
representing up to sixteen different I/O devices.

To decode these four address bits, a four line to sixteen line
decoder is used. The chip capable of serving this purpose 1s the
7415% IC (Integrated Clrcuit) chip., This chip requires two device en-
able signals and the four bits, AO-A3. The logic table for the oper-
ation of the 74154 is shown in Table 2. As shown in Table 2, the
74154 decodes the four lowest address bits and produces a low pulse
at the output port addressed by the microcomputer.

To utilize this decoder circuit, the microcomputer may input or
ocutput data by either accumulator I/b or memcry mapped I/b. Accumula~
tor I/b utilizes two instructions to get information into or out of
the microcomputer and all transfers take place through the accumulator
register, In memory mapped I/O, there are thirty-three different in-
structions to get information into or out of the microcomputer. Also,
transfers of data may take place through any of the seven special reg-
isters present within the MMD-1, Memory mapped I/0 was used in this
research,

With memory mapped I/b, each I/0 device is addressed as if it
were simply a unlque memory location within the microcomputer, To
distinguish between a memory location and a menory 1/0 device, the
address bus bit A15 is used. When A15 is high, the microcomputer is

talking to a memory location, Whenever it is necessary to talk to an

18



1/0 device, it 1s called by specifying the low address byte and the high
address btyte. When the high address is 2XX or 3L, i.e., A15 isa "1",
an I/b device is being serviced, The low address byte will be used to
identify a unique 1/0 device. When the high address byte is OXX or

1XX, a memory location is belng serviced (A15 is a 0}.

Table 2, Logic Table For The 74154 IC Chip

INABLE  ENABLE  INFUTS OUTFUTS
1 DCBA 0123456780910 11 12 13 14 15
'Y 1 XXX 11111111111 1 1 1 1 1
1 X LL4XX 11111111111 1 1 1 1 1
0 0 0000 011111111141 1 1 1 1 1
0 0 0001 10111111111 1 1 1 1 1
0 0 0010 11011111111 1 1 1 1 1
0 0 0011 11101111111 1 1 1 1 1
0 0 0100 11110111111 1 1 1 1 1
0 0 0101 11111011111 1 1 1 1 1
0 0 0110 11111101114 1 1 1 1 1
0 0 0111 111141110111 1 1 1 1 1
0 0 1000 11141111011 1 1 1 1 1
0 0 1001 11111111101 1 1 1 ¢ 1
0 0 1010 11111111110 1 1 1 1 1
0 0 1011 11111111111 0 1 1 1 1
0 0 1100 11111111111 1 01 1 1
0 0 1101 11111111111 1 1 0 1 1
0 0 1110 11111111111 1 1 1 0 1
0 0 1111 11111111111 1 1 1 1 0

*
An "X" in the table means that the state of this bit does not effect
the output of the devics.
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Since bit A,,. is a unique pulse when an 1/0 device is addressed,

15
it may be used as a device gelect or a device enable pulse, Whenever
the microcomputer is going to talk to the lathe a "1" will be present
at the Ai5 socket and the "1" (present only for the device selection)
can be used to enable the address decoding circuit,

As noted in Table 2, both enable signals need to be "0"s for the

74154 to funetion., Therefore, the A,. bit must be inverted in order

15
for it to be used as an enable signal for the 74154, This is the reason
that the 74L04 is part of the decoder circuit. The 74LO4 is a low power
input, inverter gate. The loglc table for an inverter is shown in Ta-

ble 3, The only time that a "0" will be available from the 74L04 to

Table 3, Logic Table For the 74LO4 IC Chip

INPUT QUTPUT
1 0
0 1

be used as an enable signal for the 74154 (see Figure 3) is when an
1/0 device is being addressed, i.e., the high address byte is 2XX or

3XX (A15 is a "1"), With bit A,. as one enable signal for the 74154,

5
another enable signal 1s required in order for the decoding circuit to
functlion,

To inform the clrcults of the avallabllity of the memory device
select code on the address bus, a control slgnal is generated by the
microcomputer at the same time as the number code of the I/b device is

available on the address bus. This control signal, then, can be used

as a device enable signal to synchronize the appearance of the unique
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device code on the address bus and the enabling of the device to decode
this numerical code.

In memory mapped I/D, the control signals available are the MEMW

and the MEMR. A MEMW pulse is an electrical pulse generated whenever
information is output from the microcomputer to an I/0 device and a
MEMR pulse is generated whenever data is to be input into the microcom-
puter., In either case, the pulse generated as a control signal is a
"0" or an electrical pulse of ground potential, This control signal
can be used directly as an enable for the decoder circuit,

However, there 1s only one additional enzble input needed to enable
the 74154 and there are two possible control signals, MEMR and MEMH.
Either two different decoding circuits are required, one with the MR
pulse as an enable signal for the decoding of input device codes and
the other circuit with the MEMW pulse as an enable signal for the de-
coding of output devlice codes, or the two control signals must be com-
bined into one enable signal for a common decoding circuit. The latter
choice was taken and so whenever an I/b device is addressed, the 74154
will require a "0" as an enable signal that will be produced from the
combination of the MEMR and the MEMW control signals., To reiterate,
whenever communication between the computer and an I/O device takes
place, a control signal goes to ground potential, at all other times
these control signals are "1"s or at +5 volts., Therefore, a device is
needed that will give a "0" whenever an I/0 device is addressed and one
control signal is low and the other control signal is high. This de-
vice must also produce a "1" to disable the 74154 whenever both control
signals are at the +5V state. The device that 1s capable of this logic

is a 7408 IC chip, This chip is an AND gate and it's loglc i1s shown in



Table 4,

Table 4, Logic Table For An AND Gate (7408)

INPUT QUTPUT

B A c
00 C
01 0
10 0
11 i

To summarize the decoder circuit, there are three signals (ﬁﬁﬁﬁ,
MEMW, and A15) used to enable a 74154 chip that decodes the device se-
lect signal. The device select signal consists of the four lowest bits
of the address bus and appears on the address bus at the same time as
the enabling pulses are generated., The decoder circuit produces, from
these signals, a unique low pulse at one of the output ports of the
74154, This unique signal will be used as Input to or to enable one
of the circuits used in the interface between the lathe and the micre-

computer,
2.5 COUNTER CIRCUIT

The counter circuit's purpose is to keep track of the lathe's tool
position. This is accomplished by counting the number of increments
that the lead screws for both the carriage-feed and the cross-feed have
turned. The circuit designed for this purpose is shown in Figure 4.

In order to accomplish this task, evenly spaced holes were drilled

around the outer perimeter of a disk attached to the handwheel, There

22
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were 100 holes drilled in the cross-feed handwheel and 50 holes drilled
in the carriage-feed handwheel, It is these holes that are counted by
the microcomnputer.

The spacing of these holes provides a means for precise control.
Since both lead screws are cut to 20 threads per inch, each revolution,
for elther the cross-feed or the carriage-feed handwheels, represents
a translation of the respective feed mechanisms of .05 inches. TFor the
Z axils, the carriage-feed axis, the rotation of the handwheel from cne
hole to the next (i.e., 1/50th of a revolution) will represent a trans-
lation of the carriage-feed of ,001 inches, For the X axis, the cross-
feed axls, the rotation of the handwheel from one hole to the next
(i.,e., 1/100th of a revolution) will represent a translation of the
cross-feed of ,0005 inches (which is a ,001" reduction in the diameter
of the workpiece).

To count the holes in the handwheels, TIL145 opto-sensors were
used, The TIL145 operates as a light sensing device, It consists of
an 18D (Light Emmitting Diode) and a light sensitive transistor. These
two components are separated by a space through which an object may be
passed, In the closed clrcuit state, there is no object between the
LED and the light sensor. Thils allows the circuit to be complete and
a "1" is the output of the TIL145, When an object comes between the
IED and the light sensor, the circuit is broken and the output of the
TIL145 is a "0", Therefore, as a hole is viewed by the opto-sensorx,
the light from the LED will strike the optical sensor and a "1" will
be produced by the TILi45 and as the wheel rotates and is between holes,
the light from the LED is blocked off from the light sensor and a "0"

is produced by the TIL145, The result is that a signal is generated
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which alternates between a "1" and a "0" as holes come into and go out
of view of the TIL145,

The next problem is to count these alternating signals, A 7490
decade counter was used to count the signals produced by the TIL145,
The loglec table for a 7490 decade counter is shown in Table 5. As the
input signal to a 7490 goes from high to low, the counter increments by
one, By using the output of the TIL145 as the input signal to a 7490,
the holes in a handwheel disk can be counted. Every time a hole ro-
tates out of the view of the TIL145, the input signal to the 7490 will
go from a "1" to a "0" and will increment the counter. As seen in Ta-
ble 5, the counter counts from 0 to 9 and then starts over again at 0.
If two 7490's are cascaded together, i1t is possible to count from 0 to

99 before the count starts over again at 0. Cascading these counters

Table 5, Loglc Table For A 7490 Decade Counter

ZNABLE INPUT SIGNAL QUTFUT COUNT

DCBA
o A XX XX 0
1 L 0000 0
1 - 0001 1
1 - 0010 2
1 e 0011 3
1 . 0100 4
1 . 0101 5
1 L 0110 6
1 . 0111 7
1 > 1000 8
1 T R 1001 9
1 i 0000 0
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means simply to take one of the 7490's and use it as an input to the
other 7490, When the low counter changes from 9 to 0, a2 signal will be
produced at output D (see Table 5) which goes from a "1" to a "0", this
signal may be used as the input signal to the second 7490 IC chip.

Thus the second 7490 will increment by one for every 10 counts of the
first or lowest 7490 (see Table 6).

However, if one should try to hook up these 7490's directly to a
TIL145 which is watching a rotating handwheel, he would probably find
that he either gets no count at all or a2 very erratic count, The prob-
lem stems from the nature of the signal produced by the TIL1A5, As
was noted earlier, the 7490 increments it's count by one as the input
signal changes from a "1" to a "0"., In other words, the 7490 is a
"negative edge"” triggered device and a sharp drop in voltage from +5V
to ground is required to produce an increment in the 7490 count, As
the handwheel rotates, the TIL145 will change states from a "1" to a
"0" and then back from a "0" to a "1", but this change does not take
place instantaneously. The edge produced is not a sharp vertical edge,
but it is a gradual sloping edge. This sloping edge will not trigger
an increment in the 7490, So the output from the TIL145 needs to be
"squared” up, i.e., the pulse needs to be made to have a sharp enough
edge to trigger the 7490,

To square up the output of the TIL145, two devices are used, a
74121 IC chip and a 555 IC chip. Both of these devices are monostable
multivibrators., A monostable multivibrator is a device which has one
stable state, but it may be triggered to change state for a predeter-
mined time interval before it returns to it's stable state. The 74121

has the advantage that i1t may take any length of input pulse and then



Table 6. Logic Table For Two Cascaded 7490's

HIGH Low

7490 COUNT 7490 COUNT
DCBA DCBA

0000 0 1001 9
0001 1 o000 0
0001 1 0001 1
o001 1 0oo01¢ 2
0001 1 0011 3
0001 1 0100 L
0001 1 0101 5
0001 1 0110 é
0001 1 0111 7
0001 1 1000 8
0001 1 1001 9
0010 2 0000 0
0010 2 0001 1
0010 2 0010 2

-
-
-
-

give an output pulse of predetermined length whereas the 555 requires
the input pulse to be of shorter duration than the output pulse. How-
ever, the 555 has a superior repeatability of it's output pulse widths
as compared to the 74121, Therefore, the 74121 will be used to trans-
form the output of the TILI45 to a pulse which is short enough to

drive the 555. The 555 will then produce a precise pulse width which
will be, when the handwheel is rotating, an excellent square wave

train. It is this square wave train which is used as the input to the
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7490 decade counters.

In order to utilize these monostable multivibrators, external re-
slstors and capacitors must be connected to the devices to determine
the output pulse time width (tw). The values for these resistors and
capacitors may be calculated by the use of the following equations:

For the 74121:

tw = (.693) * Rext * cext for Rt << 40000 ohms
For the 555:
t, = (1,1) * R, ¥ C for 1000 ‘::RA‘<: 3.3 megohms
& C => 500 plcofarads
To calculate the values for these externzl components, the timing
pulse widths that are necessary must be determined,
For the X axis (cross-feed), it 1s recalled that there are 100
holes evenly spaced around the handwheel. The lead screw is cut to
20 threads per inch and is driven by an AC reversible motor at 4 rpnm.
This meéns that the handwheel will turn one revolution every 15 seconds
(4 rev/min * 1 min/60 sec). Assuming that a hole is in view of the
TIL145 one half of the time and the other half of the time the metal
of the handwheel is in the view of the TIL145, the length of the dif-
ferent pulses can be calculated as being 1/2 of the time spent between
holes. In other words, a "1" pulse will be present for .075 seconds
(.15/2) and then a "0" pulse will be present for .075 seconds. The
ocutput timing width of the 555 should correspond to the width of pulse
available from the TIL145 and thus be approximately ,075 seconds. The
external components for the 555 were chosen to be:

RA = 680000 ohms,



a 2,2 * 10'6 farads, &
ext

t

. ,693 * 10000 * 2,2 * 107° = ,01525 seconds

]

Therefore, the pulse generated by the 74121 is shorter in it's duration
than that of the 555 and can be used for the input to the 555.

For the Z axis (the carriage-feed axls), there are 50 holes evenly
spaced around the handwhesl. The lead screw is cut to 20 threads per
inch and is driven by an AC reversible motor at €3 rpm (1.05 rps).

This means that the handwheel will turn 1 revolution every .9524 sec-
onds (63 rev/min * 1 min/60 sec). Since there are 50 holes/rev, the
time between centers of successive holes is ,01905 seconds {.9524 sec/
rev * 1 rev/BO holes), Assuming that a hole is in view of the TIL14S
one-third of the time and the other two-thirds of the time the metal

of the handwheel is in view of the TILI45, the length of the high pulse

can be calculated as 1/3 of the timing width or .00635 seconds (.01905/3)

and the length of the low pulse can be calculated as 2/3 of the timing
width pulse or ,0127 seconds 2/3 * .01905). Therefore, the output of
the 555 should correspond to a pulse of approximate width of ,0127
seconds. To provide the required pulse width, the external components
of the 555 were chesen to bes

1 % 106 ohms,

1 * 10-6 ohms, &

1.1 % 10° * 1076

By

C

1]

+

w

= ,011 seconds.

To get a pulse of shorter duration than ,011 seconds, the 74121 is again

used. The external components chosen for the 74121 weres

it = 33000 ohms,
_ -6
—— 0,47 * 10 7 farads, &
t = 0,693 * 33000 * 0,47 * 10-6 = ,01075 seconds

W

29



This combination of the two monostable multivibrators was used to drive
the counter circuit of the Z axis,

To summarize the counter circuit, a TILi45 provides an alternating
pulse which is converted into a very preclse square wave train by tak-
ing the output of the TILI45 and sending it through a 74121 monostable
multivibrator and then sending the output of the 74121 through a 555
monostable multivibrator. The resultlng square wave train triggers a
pair of 7490 cascaded counters to produce a count of the number of .001
inch increments that have been taken by the lead screws of the feed

mechanlsms,
2.6  INPUT CIRCUIT

The purpose of the input circuit is to take the counts produced by
the counter circuits for both the cross-feed and the carriage-feed and
communicate these counts, on demand, to the microcomputer. The input
circult is used to keep track of the lathe's tool position. The cir-
cult designed for this purpose is shown in Figure 5.

The input circuit is built arocund the 8212 IC chip. The 8212 is
a three-state data latch/buffer. It is three-state in the sense that
the output has three possible statess 1) a high state, logic "1", out-
put, 2) a low state, logle "0", output, or 3) a high impedance state
where the device is essentially disconnected., The 8212 is also a data
latch., As a data latech, the output of the 8212 will follow the input
signal while the clock input is high, but when the clock input goes
low, the data in the 8212 is latched or locked into the output ports
until the next high pulse comes to the clock input., The logic table

for an 8212 is shown in Table 7, The clock input has been tied to +5V
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so that the output ports directly follow the data at the input ports
when the 8212 is enabled. As shown in Table 7, the device enable

pulses for the 8212 need to be such that 551-DS = 1 for the output

2
ports of the 8212 to function. To get Ei-nsz = 1, one of the device

select pulses needs to be a "1" while the other pulse is a "0",

Table 7, Logic Table For An 8212 IC Chip

ENABLE INFUT OUTPUT
DSI'DS2
0 X High Impedance State
0 0
1 1 1

The 8212 will be used to take the data of the input circuit and
put 1t into the microcomputer. It will follow the data of the counter
circult on the input side, but will be disabled and in the high imped-
ance state on it's output side., This will allow both the input for the
cross-feed and the carriage-feed counts to be connected into the bi-
directicnal data bus at the same time. (The bi-directional data bus
cannot have two signals on it at one time.) Therefore, the only time
that the data bus will even know that anything is coﬁnected into it is
when one of the 8212's is enabled which will take it out of the high
impedance (disconnected) state at the same time as data is to be input
to the microcomputer,

To get the two enabling pulses, a "1" and a "0", to the 8212
simultaneously, the purpose of the circuit needs to be examined. A4s

stated earlier, the circuit is simply to input data to the microcomput-
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er. This means that a MEMR instruetion will be issued bty the microcom-
puter when it 1s ready to accept information from the 8212, The MEMR
instruction 1s used as one of the device enable signals for the 8212.
The 8212 must also have a unigue signal as one of 1it's device-
select signals in order for the computer to establish direct communica-
tion with the 8212 without bothering any of the other cilrcuits, 4 de-
vice-select pulse from the decoder circuit can be used to accomplish
this task, It is recalled thaﬁ the decoder circuit selected a unique

device by picking off the address available at the lowest four address

bits when the control signals (MEMR or MEMW and bit A15) enabled the
decoding circuit., The output of this decoding circuilt was a low signal
at a unlque output port of the decoder circult. This unique signal
from the decoder circuit may be used to inform the input ecircuit that
the microcomputer is ready to accept data from the input cirecuit,

Both of the signals which have been proposed to be the enable
signals for the 8212 are "0" when the input circuit is to be used,
However, the 8212 requires one high and one low signal as the enabling
pulses, To meet this requirement, one of these signals needs to be
inverted, The MEMR was chosen to be inverted by passing it through a
74L04 inverter chip (see Table 3)., The reason was to equalize the
propagation delays of the two signals, The device select code must go
through the decoding circuit before it is available to enable the 8212
while the MEMR signal could be taken directly from the microcomputer,
Although the time that it takes for a signal to pass through a 74L0L
is minimal, it 1s also Just a very minute difference in the time that

the two slgnals arrive at the 8212 that will keep the 8212 from being



enabled and thus, functloning. So the propagation delay of the 74LOL
will delay the MZMR signal's availability to the 8212 and make the time
that it arrives at the 8212 closer to the time that the device select
signal from the decoder circuit arrives at the 8212.

This input circult is capable of inputing data into the microcom-

puter on demand,
2.7 MOTOR DRIVE CIRCUIT

The purpose of the motor drive circuit is to take the control di-
rections from the microcomputer and drive the AC reversible motors
which are used to move both the cross-feed and the carrizge-feed mech-
anisms. There are two essentlal components to the motor drive clrcuit.
They are: 1) a device which is capable of taking DC (+5V) commands and
driving AC (110V) motors and 2) devices to interpret and hold these
digital commands to control the AC motors.

The device which 1s capable of taking +5VDC input and controlling
110Vyh AC output is a solid state relay. The relay used in thls research
was the MA{-100 manufactured by the Theta- Corporation*. A so0lid state
relay is a device which consists of an LiD in the input side of the de-
vice and a photo transistor in the output side of the device. The out-
put side of the relay has two connections, one of these connections is
connected to a 110V supply and the other connection is made to an out-
put device., The Input side consists of parts for a +5V connection and

a ground connection, Yhen both the +5V pin and the ground pin are

properly connected, the input side is complete and the LED lights up,

*
Theta-J Corporation, Woburm, MA



35

otherwise the LED is unlit, Normally, the two output pins are not
connected together, that is, when the input side of the relay is not
complete and the LED is unlit, then the output side is disconnected.
However, when the input side is complete, causing the LED to be 1lit,
the photo transistor sees the light and closes the output side of the
relay allowing current to flow between the supply pin and the output
pin connected to an external device. When the input circuit is broken,
i,e., either the +5V or the ground of the input side is not present,
the LED will go off and the photo transistor will break the circuit

on the output slde and the 110V will not be available to supply an ex-
ternal device., So the solid state relay is capable of using a DG sig-
nal and either turn on or off a device which controls 110VAGC.

In this research, sclid state relays are used to turn a motor on
or off and to choose it's rotation, either clockwise or counterclock-
wise, The connections necessary for the relays to accomplish these
tasks are shown in Figure 6. Relay 1 is used to turn the motor elthex
on or off. The other two relays, relays 2 and 3, control whether the
motor turns clockwise (CW) or counterclockwise (CCW). These two relays
are connected into relay 1 in order to get their 110V supply when relay
1 has been energized and the motor is turned on. Therefore, the only
way a motor can work is if 1) relay 1 is enabled and thus, power is
available to relays 2 and 3 and 2) elther relay 2 or relay 3 is enabled
(both cannot be enabled at once for the motor to work). In all cases,
the input side of the circuit must be complete in order for the output
side (AC) to be complete, In the circuit shown in Figure 6, +5VDC is
connected (through a 330 ohm resistor) at all times to the "+" input

while the "-" input is connected to ground only when a relay is to be
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enabled (the ground completes the input side of the relay)., The ground
signal, then, must be a unique signal which will only enable the relay
that was intended to be enabled,

A unique signal from the decoder circuit (the output from the
74154) will not be sufficient to enable the relays because these signals
are only present for the duration of one clock eycle (the clock of the
MMD-1 operates at 750kHz)., If one signal was used to enable a relay,
the relay would be turmed on for only 1.33 microseconds. This signal
must be either output over and over to the relays to keep them on or
the signal must somehow be latched into a device when this device select
signal becomes available, The first option would take az lot of program-
ming time and be inefficient. Therefore, the second option was chosen
and the clrcuit that was designed to latch a signal and thus turn a
relay on or off is shown in Figure 7.

The device chosen to latch the input signal to the solid state
relays is a 7474 IC chip. This device is actually a dual data latch
which incorporates a preset and a clear to each latch., For this project,
the 7474 was not actually used as a data latch, but utilized only the
preset and the clear functions of the data latch. The logic table for
the 7474 IC, as used in this research, is shown in Table 8, This ta-
ble shows that a signal to the preset input of the 7474 will directly
reverse the action of a signal to the clear input. For this applica-
tion, a signal to the preset input could be used to turn a relay on and
then a signal to the clear input could be used to turn it off again,
Either way, once the output is set, it will not change again until a
signal is glven to the input of the 7474 to change that output,

The only problem with this latching device is that the output of
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Table 8, Logic Table For A 7474 IC chip

PRESET CLEAR CUTEUT

0 0 Not an allowed state
0 1 1
1 1 1
a 0 0
1 1 C

the 7474 is not a strong enough pulse to drive the relays. To over-
come this problem, the output of the 7474 must be enhanced, A 7406 IC
chip was used for this purpose. A 7406 is an inverter like the 74LO4
used previously (see Table 3) except that it also boosts the power of
it's output. This boost in power is enough so that the output of the
7406 is capable of enabling the relays. The only twist that the 7406
provides to the motor drive circuit is that they do invert the output
of the 7474's,

To summarilze the motor drive circult, it is noted that the dif-
ferent signals needed to turn a motor on or off and either clockwise
or counterclockwise are provided by the microcomputer. The decoder
circuit takes these signals and prepares them to drive the motors, 4
7474 takes the output signals of the decoder circuit and latches them
so that they are available to drive the motors. The 7406 is used to
boost the output power of the 7474 to make it capable of enabling a

solld state relay that will turn the AC reversible motors on or off.

2.8  3UMMARY OF THE ELECTRONIC CIRCUITRY

3



The electronic circuitry designed to make up the hardware part of
the interface between an engine lathe and a microcomputer consists of
four major component circuits. These component circuits were the de-
coder circuit, counter circuit, input circuit, and the motor drive
circuit,

The decoder circult was designed to take directions from the ad-
dress bus of the microcomputer and output one low signal to the port
which represents the code given by the microcomputer. The signals are
decoded by the decoder circuit and their intended purpose is shown in

Table 9.

Table 9, Mlcrocomputer Codes For Device Selection and Operation

OGTAL®  DECIMAL

CODE CODE PURPOSE

000 0 Turn the X axis motor on

001 1 Turn the X axis motor off

002 2 Rotate the X axis motor CW

003 3 Rotate the X axis motor CCW

004 b4 Turn the Z axis motor on

005 5 Turn the Z axls motor off

006 6 Rotate the 2 axis motor CW

007 7 Rotate the Z axis motor CCW

010 8 Clear the X axis count

011 9 Clear the Z axis count

012 10 Input the X axls count to the microcomputer
013 11 Input the Z axis count to the microcomputer

*
This is the low address byte. In all cases the high address byte is
200,



The counter circuit keeps track of the lathe's tool position. To
do this, the holes in the disks attached to the handwheels of the feed
mechanisms are counted as the handwheels rotated., The count produced
by this action can be directly related to the tool's movement and the
tool position,

The input eircuit takes the counts formulated by the counter cir-
cults and inputs these counts to the mierocomputer. A three-state
data, latch/buffer which inputs data to the microcomputer only when it
1s enabled, is used for this purpose.

The motor drive clrcuit takes the decoded control signal from the
decoder circuit and controls the AC reversible motors to drive the
cross-feed and carriage-feed mechanisms,

These four circuits constitute the hardware portion of the inter-
face beiween the engine lathe and a microcomputer. This hardware is
coupled with the proper software (programming) to make the interface

usable,

4
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CONSTRUCTION

The construction phase of thils research consisted of the building
of the electrical circults described in Chapter 2 and the mounting and
interconnection of thls clrcuitry with the microcomputer and the lathe,

The first step was to take the circuits designed in phase one and
assemble them in a temporary fashion upon breadboards. These circuits
were tested as individual components and when they were found to be
satisfactory, they were assembled ontoc printed ecircult (PC) boards., To
assemble a PC board, one must solder the required devlices into place
and solder all of the interconnections between the different devices
involved in a designed circuit, There were three PG boards used for
this purpose. The first board contained the counter circuit. This
circuit was connected into another PC beoard used to display the counts
produced in the counter circuit, The display circult is not necessary
to the interface between the lathe and the microcomputer and was,
therefore, omitted from description. For those interested, the dis-
play circuit contained four seven-segment displays and the drivers
necessary to power these displays. The second PC board contained the
input eircuit, The third PC board contained both the decoder circuit
and the motor drive circult. The last component of this design was a
perforated board which held the relays necessary to drive the AC re-
versible motors attached to the cross-~feed and the carrlage-feed mech-
anisms.

The next step was to connect the four clrcuits together so that
the signals required by one circuit, which were produced by another

eircult, would be avallable for use, The connections between the



microcomputer and the lathe were then made., These connections between
the lathe and the mlcrocomputer included the connection of the two
TIL145's, mounted to straddle the handwheels of the cross-feed and
carriage-feed mechanisms, to the counter circuit, They also included
the connection of all the circuits to +5V and ground, Finally, the
connections to the microcomputer were made., These included connectlons
to the MEMR, MEMW, AgsAgshyshqnhy 500050y 3D,,D5,0,,Ds,Dg, and D, output
ports of the MMD-1 microcomputer.

Upon completion of thls phase, the interface was ready for test-

ing,
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TESTING

The final phase of this research was the testing of the feasibility
of the gystem., For even if the design seems theoretically sound, it is
totally useless unless 1t may be used to actually produce a predeter-
mined part, Therefore, the test for this system is to make a pre-
deslgned part. The part to be produced by this system is shown in
Figure 8, This piece is to be made from a 5" rod of acrylic plastic
that 1s 1" in diameter.

The programs necessary to control the interface needed to be

written. These programs are described in the next chapter.
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PROGRAMMING

To program the microcomputer to make the test part, machine lan-
guage must be used., Machine language is the language which the com-
puter uses. It is simply numerical codes which represent binary words
which the computer can understand. A detailed summary of the machine
language used is given in (16) and the basies of using this machine
language in programming the MMD-1 microcomputer are given in (17).

There are five main sections to the program used to machine the
part shown in Figure 8. They are the X-Mov subroutine, the Z-Mov sub-
routine, the Move-Check subroutine, the semicircle subroutine, and the
main program which calls these subroutines and controls the overall
system,

The X-Mov subroutine, listed in Appendix 4, is used to move the
cross-feed mechanism in or out by choosing the rotation of the motor
which drives the mechanism., The input required in the calling program
1s the choice of the rotation direction of the motor, the choice of
rotation direction of the software brake, and the length (specified as
the number of holes to be counted) that the cross-feed should travel.
The subroutine takes the count from the counter circuit and compares
it to the value set by the calling program. As soon as the proper
count has been reached, the program executes a software brake which is
used to minimize the coasting of the motor when it has been turned off.
The software brake works by glving a short pulse to the motor which
will act to turn the motor in the opposite direction from which 1t has
been turning., Once this brake has been executed, the subroutine sends

control back to the main program. If the proper count has not been
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reached, the subroutine sends control back to the main program while
the motor is still on., The main program will call the X-Mov subroutine
over and over until the proper count has been reached. When the proper
count has been reached and the motor 1s turned off, the main program
will continue through it's course. A flow chart for the X-Mov sub-
routine is shown in Figure 9.

Because the counter circult was set-up to count in Binary Coded
Decimal (BGD), the number of holes which are to be counted will need
to be represented in BCD., It is recalled that the number of holes to
be counted is part of the input required for the use of the subroutines,
Therefore, these counts must be communicated in BCD, Table 10 shows
the conversion of decimal numerals to BCD numerals and then the con-
version of this number to it's octal representation. This octal number
is the one which 1s used by the main program, subroutines, and the mi-
crocomputer,

The Z-Mov subroutine works in exactly the same manner as the X-Mov
subroutine, The only difference is that the codes for turning a motor
on and off for the Z axlis are used instead of the codes for X axis
control, This subroutine is listed in Appendix B,

The Move-Check subroutine is used to monltor simultaneous steps
along the X and the Z axes. Thls subroutine is listed in Appendix C
and a flow chart of thls subroutine is shown in Figure 10, The Move-
Check subroutine allows both the X axls and the Z axis motors to be
controlled slmultaneously. The program monitors the counts for both
the X axis and the Z axlis and turns the motors off when they have
reached their proper counts. When both motors have reached their

proper counts and have been turned off, the subroutine transfers con-
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X COUNT
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COMPARE THE X
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Fig, 9. X-Mov Subroutine Flow Chart
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CLEAR THE X
AND Z COUNTS

_.1

CALL X-MOVY

o 18
THE 2Z
MOTCR ON?

CALL Z-MOV

13
THE 2
MOTOR ON?

Fig,

10.

Move=Check Flow Chart

MOTOR ON?

RETURN TC THE

MAIN PROGRAM
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trol back to the calling program.

Table 10. BCD Numeral Conversion

DECTMAL BINARY OCTAL
1 0000 0001 001
2 0000 0010 002
3 0000 0011 003
4 0000 0100 00k
5 0000 0101 005
6 0000 0110 006
7 0000 0111 007
8 0000 1000 010
9 0000 1001 011

10 0001 0000 020
11 0001 0001 021
12 0001 0010 022
13 0001 0011 023
14 0001 0100 02k
15 0001 0101 025
16 0001 0110 026
17 0001 0111 027
18 0001 1000 030
19 0001 1001 032
20 0010 0000 040

The semiclircle subroutine was set-up to allow the semi-circular
arc portions of the test plece to be turned. The semicircle subroutine
is listed in Appendix D. The input required to use this subroutine is
to set the X and the Z motor rotation directions and to set the soft-
ware brakes for both of the axes. The subroutine works by calling the

Move~Check subroutine which uses the X-Mov and the Z=Mov subroutines in

25
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order to step around the curve, The semicircle subroutine actually
works as a quarter of a semicircular axc in the way that it uses it's
data., The data for the number of holes to be counted for the feed
mechanisms, as it travels around the flrst quarter of the semicircular
arc, are found in successive memory locatlions. The program uses the
first locaticn as input to the X-Mov subroutine to move along the X
axis, the second location to move along the Z2 axlis, the third to move
along the X axis and so on., When the subroutine has finished the first
quarter of the curve (all of the data has been read), it changes the
cross-feed direction (from moving out to moving in} and starts at the
last data location (a Z move) and goes backward through the memory ad-
dresses moving simultaneously along the X and the Z axes. When the
first memory address with data in it 1s reached, the semicircular arc
is complete and control transfers back to the main program. A flow
chart of the semicircle subroutine is shown in Flgure 11.

The arc of the clrcle which was machined into the workplece can
be described by the following equations

2% + (x + .725)% = (.725)%
With this equation, X was calculated for different values of Z. The
difference between successive values of X and of successive values of
Z were then found and used as the amount of movement along each axis
for each step. The length of each step's movement was approximated by
a number of holes to be counted and this count was used as the data in-
put to the semicircle subroutine, Table 11 shows the results of these
calculations. The resulting data, the number of holes to be counted,
was converted to BCD and then to the octal representation of these BCD

numbers and read into memory for the semicircle subroutine to use.
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Fig. 11. Semicircle Subroutine Flcw Chart



This data allows a maximum exrror along the tool path of .005 inches,
Bach quarter of the arc, used for this test plece, had 43 steps.

The main program was used to control all of the system in making
the test part. This program consists of two parts, the initialization
part and the actual machining control part. The initiazlization was used
to take the tool from a known starting point (the tailstock edge of the
workpiece) and get it to the position where it could start machining
the part. The system control program was used to combine the dlffer-
ent subroutines available in order to machine the part. The tool point
was controlled to follow the outline of the test part. When it had
finished one pass, it would move the cross-feed into the workplece =z
small increment, change all of the directlons along the Z axis and
start the process again. Once the tool gets back to the original po-
sitlion, the microcomputer willl increment the cross-feed, change the di-
rection of the Z axls feed mechanism and start the path again, This
would go on until the piece had been turned to it's prescribed dimen-
sions., The main program is listed in Appendix E.

The plece to be turned is shown in Figure 8. From this figure,
the tool path may be described. The tool path starts with a taper.
This taper has a slope of ,4 which means that the tool is to move in
the X direction 4 units for each 10 units of movement along the Z axis.
When the taper 1s complete, the microcomputer calls the semicircle
subroutine and follows it's path. Next, the tool moves 1" straight
along the Z axis by calling the Z-Mov subroutine. The semiclrcle sub-
routine 1s then called to cut the second semicircular arc, Finally,
another taper is cut which has the same slope as the first taper (.4)

except that it is negative. In other words, the same taper is cut by



Table 11, X and Z Moves For A Semicircular Arc
NO, OF NO. OF
DIFF DIFF HOLES HOLES

2z X Iz N X wz N X
+50 2000
49,1907 01 + 0053 0 19
48 .1817 01 . 0090 10 18
40 .1730 01 . 0087 10 17
46 1646 01 . 0084 10 17
45 1566 .01 . 0080 10 16
o .1488 .01 . 0078 10 15
43 1413 «01 .0075 10 15
U2 .1340 .01 ,0073 10 15
bt 1271 .01 , 0069 10 14
40 .1203 01 . 0068 10 14
.39 .11738 01 . 0065 10 13
.38 1076 01 . 0062 10 12
.37 .1015 .01 . 0061 10 12
.36 0957 sl .0058 10 12
.35 ,0901 .01 . 0056 10 1 §
V3 ,08L7 .01 .0054 10 i1
33 ,0795 «01 , 0052 10 10
.32 07l ,01 . 0051 i0 10
.3 . 0690 .01 . 0048 10 10
.30 0650 .01 . 0046 10 9
.29 . 0605 .01 . 0045 10 9
.28 .0563 01 . 0042 10 8
27 ,0522 .01 . 0041 10 8
26 ,0482 .01 . 0040 10 8
.25 L OLL5 .01 . 0037 10 7
2L . 0409 .01 . 0036 10 7
.23 .0375 .01 0034 10 7

.01 .0033 10 7

2

L0342

57



Table 11, (Continued)

NO. OF NO. OF

DIFF DIFF HOLES HOLES
z X mz ™ x wz IN X
22 L0342
2 i .01 ,0031 10 6
20 .ozt .01 ,0030 10 6
P ,01 ,0028 10 6
& oo ,01 ,0026 10 5
17,0202 .01 -0025 10 5
A6 L0179 i - 10 5
15 otsy .01 ,0022 10 4
W g .01 ,0021 10 4
4y LoldE .ot ,0018 10 4
42 o100 .01 ,0018 10 4
P .01 ,0016 20 6
40 L0069 01 10015
B BOs ,01 ,0013 20 5
08 00k -0l /0012
P .01 ,0010 20 4
.06 .0025 .01 + 0009
P 01 ,0008 20 3
0k L0011 L +0005
03 0008 .01 ,0005 50 2
02,0003 01 9003
01,0001 <01 «op2
,00  ,0000 .02 + 0003

starting from the opposite end of the taper. The tool is then moved
into the part a small amount and it's path is reversed. This consti-
tuted one pass of the part. As stated earlier, this would continue

until the part had reached it's predetermined dimensions. To get to
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the proper dimensions, the program is started with the number of passes
to be made and then this number is decremented after each pass. When
the pass number has reached 0, the part is finished and the system is
shut off,

A generalized flow chart of this process is shown in Figure 12.
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RESULTS
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RESULTS

An engine lathe has been successfully interfaced to a nicrocom-
puter. The result 1s a computer-controlled machining system. This
system's capability was demonstrated by turning a plece of acrylic
plastic to the predetermined form shown in Figure 8. This test piece
took approximately 15 minutes to machine each pass. The same piece
would require two set-ups to produce the double tapers on an engine
lathe and the curved sectlons of the piece would be extremely diffi-
cult to control by hand. Thus, the microcomputer introduces new capa-
bllities to the lathe, provides for the accurate production of a part,
and provides a hlgh degree of repeatability in the turning of several
similar parts.,

Thls same interface may be utilized by any engine lathe by merely
changing the size of the relays and connecting the interface into the
lathe. The cost of this system is perhaps the most significant reali-
zation of this project. The total interface, microcomputer and all of
the circuitry required, can be obtained for under $1000, Therefore,
for a small amount of capital investment, a machine shop can have a
computer-controlled lathe which exceeds the capabilities of an NC

machine systenm.



CHAPTER 7

FURTHER RESEARCH



64

FURTHER RESEARCH

In reviewlng the work done on this project, a few ideas come to
mind for further research., First of all, variable speed AC reversible
motors should be considered for the control of the feed mechanisms.
This would allow a continuous surface to be generated and not approx-
imated, as is the case now, by steps along the two axes., The amount
of programming required by the test plece was immense and took a very
meticulous effort., A higher level computer language should be used by
the system to lighten the programming load. Finally, the control of
the spindle speed should be done by the microcomputer to increase the

capability of the system.
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APPENDIX A

X-MOV SUBROUTINE



LOCATION

OCTAL

030 012

~ O \n =W

(o)

2

~N v FoWwoN e

g (L]
W & W N e ~ O\ F oW N O

*

5

365
345
000
366
111
000
000
000
000
072
012
200
000
273
2
052
030
322
052
030
366
112
006
000
341
361
311
000

000

68

X-MOV SUBROUTINE

DESCRIPTION

Push PSW

Push H

NOP

Clear the CY and the 2 flags

NOP

Input the X count

NOP

Compare the X count to the E register
If the X count equals the E register
then jump to the software brake

Clear the CY and the Z flags

MVI B

POP H
POP PSW
Return
NOP

MNOP



LOCATION

OCTAL

030 052

-~ O n & W

&

oW F W N O

o

7

O Wn W e

062
001
200
062
003
200
062
000
200
315
127
000
006
001
000
062
001
200
341
361
311

69

DESCRIPTION

Start of the software brake
Turn the X motoxr off

Turn the X motor in the opposite direction
from which it has been turning

Turn the X motor back on

Call a 10 msec time delay

MVI B

NOP
Turn % off

POP H
POP PSW
Return



APPENDIX B

Z-MOV SUBROUTINE



LOCATION

OCTAL

030 100

SO\ FOWON e

1

=N O FoWw N O

(o]

2

~N O FWON e

o

3

F W N -

365
000
345
366
111
000
000
000
000
072
013
200
000
000
272
312
141
030
322
141
030
366
111
016
000
341
361
311
000

Z-MOV SUBROUTINE

DESCRIPTION

Push PSW

NOP

Push H

CLR the CY and Z flags

NOP

Input the Z count to the micrecomputer

NOP

Compare the Z count to register D
If the count is equal to the D register
then jump to the software brake

CLR the CY and the Z flags

MVI C

POP H
POP PSW
Return
NOP
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LOCATION

OCTAL

030 140

=~ O nEWON e

=]

5

~N O W N o

6

o

~N oW FAWON e

70

000
062
005
200
062
007
200
062
004
200
000
000
315
127
000
000
000
000
016
001
062
005
200
341
361
311

DESCRIPTION

NOP

Start the software brake
Turn the Z motor off

Rotate the Z motor in the opposite direction
from which it has been turning

Turn the Z motor back on

NOP

Call a 10 msec delay

NOP

MVI C

Turn the 2 motor off

POP H

POP PSW

Return
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APPENDIX C

MOVE-CHECK SUERCUTINE



LOCATION

OCTAL

034 000
1
2

10

~N on W F oW

o

2

=~ O\ EFOWON

(o]

3

g‘\]O\\J‘\-F‘\.OI\)H

016
000
000

000
062
010
200
062
011
200
062
000
200
062
004
200
315
010
030
247
076
000
271
332
053
034
315
100
030

MOVE-CHECK SUBROUTINE

DESCRIPTION

Initialize C

NOP

NOP
CIR the X count

CLR the Z count

Turn X on

Turm 2 on

Call X-Mov

CIR the CY flag

MVI A

CMP C

Jump if the Z motor is turned off

Call Z=Mov
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LOCATION

OCTAL

034 041

-~ O FwWomN

(=]

5

~1 o\ F oW N

6

o

Wn & W N o=

247
076
000
270
332
027
034
303
024
034
247
076
000
270
322
024
034
315
127
000
311

DESCRIPTION

CLR the CY flag

MVI A

CMP B

Jump 1f the X motor is turned off

Jump unconditionally

CLR the CY flag

MVI A

CMP B

Jump if the X motor is on

Call the 10 msec delay

Return
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APPENDIX D

SEMICIRCLE SUEBROUTINE



LOCATION

OCTAL

030 200

~N On\nF LN

1

~N Ovn F W N O

O

2

~N Oy b oW N e

o

3

~NON W FoWON e

o1
062
002
042
055
030
o
062
007
o042
1
030
041
053
000
042
178
030
Okt
051
002
062
003
200
062
006
200
136
043
126
043
042

ot

SEMICIRCLE SUBROUTINE

DESCRIPTION

Select the rotation direction for the X
software brake and store it into the
L«Mov subroutine

Select the rotation direction for the Z
software brake and store it into the
Z=-Mov subroutine

Place the no. of points used in the arc

into a memory location

Set the memory location where data may be
found

Select the X direction

Select the Z direction

Mov E,M
INX H
Mov D,M
INX H



LOCATION
030 240

~N COv FOW N e

[w}

5

~ O~ \n & N e

60

~N o0y EWON e

o

(4

i B o A ULY, T R W I AV

300

OCTAL
223
030
062
010
200
062
011
200
062
000
200
062
004
200
006
000
016
000
315
000
034
o4
175
030
065
302
222
030
041
062
003
042
055
030
041

DESCRIPTION

CILR the X count

CLR the Z count

Turn X on

Turn Z on

MVI B

MVI C

Call Move-Check

Load the no. of peoints in the are

DCR M
Jump if the content of M is NZ

Select the X software brake rotation

Set the no., of points in the arc
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LOCATION

OCTAL

030 303
N

5
é

7

Do =
~N O\ F W N O N O WY O

LWV ]
o

F‘UN'—‘g"\}O\\AFUNP‘

053
000
042
175
030
041
176
002
062
002
200
062
006
200
126
053
136
053
042
311
030
062
010
200
062
011
200
062
000
200
062
004
200
006

DESCRIPTION

Set the location where the data will

start at

Set the X direction

Set the Z direction

Mov D,M
DCX H
Mov E,M
DCX H
LHLD

CLR the X count

CLR the Z count

Turn X on

Turn Z on

MVI B
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LOCATION

OCTAL

030 345
6

7

50

~ O FOW N e

6

~N Oy YO

(o]

7

oOv i & W oo

000
016
000
315
000
034
o041
175
030
065
302
310
030
ol
051
002
042
223
030
ol
176
002
ou2
311
030
314

DESCRIPTION

MVI C

Call Move-Check

Load memory so the number of points

run can be known

DCR M
JMP 1f the contents of M equal O

Set the subroutine up for the next
time it will be used

Return
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The following constitute the data that was used by the semlcircle

subroutine in making it's steps around the axcs

LOCATION

OCTAL

BCD REPRESENTATION

002 051

~N oW FoWwoN

6

~N O WnF W N O

Q

7

e Y " I e

100

N ON WU WD e

031
020
030
020
027
020
027
020
026
020
025
020
025
020
025
020
o024
020
024
020
023
020
022
020
022
020
022
020
021
020
021

19
10
18
10
17
10
17
10
16
10
15
10
15
10
15
10
14
10
14
10
13
10
12
10
12
10
12
10
14
10
11

This is an X data input value
This is a Z data input value

The rest of the data alternate in
thls fashion between X and Z

X

Z
X
2
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LOCATION

OCTAL

002 110

D
~N O F W N O N O FWwN e

AV ]
‘\}O\\J\{:UNMS'\JU‘\\MF\JNHO

\n
= O

020
020
020
020
020
020
020
011
020
011
020
010
020
010
020
010
020
007
020
007
020
007
020
007
020
006
020
006
020
006
020
005
020
005
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BCD

10

10

10

10

10

10

10

10

10

10

i0

10

10

10

10

10

10

10

10

10



LOCATION
002 152

=~ Ov v W

60

~N Oy \nF oY e

o

7

[ "

0CTAL
020
005
020
004
020
004
020
004
020
0oL
020
006
040
005
040
004
040
003
040
002
120

83

BCD

10

10

10

10

10

4

10

20

20

20

20

50



APFENDIX E

MAIN PROCGRAM



There are itwo components to the maln program. They are the sectlon

of program used to set the initial tool position by indexing over from

the tallstock edge of the workplece and the section which generates

the tool path for machining the prescribed test piece.

LOCATION

035 000

e B RS S - S L

1

<

~ O W EF A D e

&

o

~N O FWoN e

30

OCTAL
041
010
000
ol2
300
002
o441
062
002
042
055
030
062
003
200
036
120
062
000
200
315
010
030
076
000
270

INITIAL TOOL POSITIONING

DESCRIPTION
Set the number of passes to be made

Set the X software brake

Turn the motor CCW

MVI E The input to the X-Mov subroutine
50 BCD
Turm X on

Call X~Mov

MVI A

CMP B
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LOCATION
035 032

~ O\ O\

n

-~ O~ Wn W N O

(o]

5

~ or W W N

6

O

~N O\ W EF W N e

70

-

024
035
o4
300
002
062
010
200
065
302
014
035
000
041
012
000
042
300
002
o041
062
007
o4z
144
030
062
006
200
026
120
062
004
200

DESCRIPTION
Jump if X is still on

Check to see if the correct number of

passes have been made

CIR X

DCR M
Jump if the contents of M = 0

NOP
Set the number of loops to be made for the

next section of program

Set the Z software brake

Turn the Z motor CW

MVI D
50 BCD
Turn Z on
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LOCATION

OCTAL

035 074

5
6

7
100

=~} O\ & W N e

10

~N O EFWN e

315
100
030
076
000
271
322
o7k
035
041
300
002
062
011
200
065
302
064
035
166

DESCRIPTION

Call Z-Mov

MVI A

CMP C

Jump if 2 is still on

Check to see if the correct number of

loops have been made

CIR Z

DCR M
Jump 1f the contents of M ¥ 0

Halt
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LOCATION

OCTAL

031 000

~N Ov i oW o

i

n & W oo = O

-

oub

50

~N O W e

6

o

£ W N

062
001
200
062
005
200
062
010
200
062
011
200
000
000

000
000
041
005
000
ol2
030
031
ol
002
000
ol2
0L
031
000

TOOL PATH FROGRAM

DESCRIPTION

Turn X off

Turn Z off

Clear the X count

Glear the Z count

NOP

NOP

Set the number of full passes to be made

Set the index that determines which way
the tool is moving along the 2 axis

NOP
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LOCATION

OCTAL

031 064

117
20

= O F LN e

(o]

3

‘\JO\kn-F‘h)NHg‘QO\U\PUNI-‘-

(&)

&

LU, T = S B S I

000

000
062
002
200
041
062
003
042
055
030
036
00k
062
000
200
315
010
030
076
000
270
322
136
031
000
041
061
000
042
310
002

DESCRIPTION

NOP
. The next section of program cuts a
» taper in the test part

NOP

Turn X CW

Set the X software brake

MVI B
L BCD
Turm X on

Call X-Mov

MVI A

CMP B
Jump if X is still on

NOP
Set the number of loops to be run for this
section of program
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LOCATION

OCTAL

031 156
?
60

~ O W F W N

o

7

=~ O\ F W o

200

It ¢ LTS T = S I L

1

o

~ O\ \n EF oW NN

20

062
006
200
o4t
062
007
042
144
030
062
002
200
o41
062
003
Ol2
055
030
026
020
036
010
315
000
034
000
o4t
310
002
065
302
156
031
000
062

DESCRIPTION

Turn Z CW

Set the Z software brake

Turn X CW

Set the X software brake

MVI D
10 BCD
MVI E

Call Move-Check

NOP
LXI H

DCR M
Jump if the contents of M are not equal to O

NOP
Turn Z CW

g0



LOCATION OCTAL DESCRIPTION
031 221 006

200

041 Set the Z software brake
062

007

o042

1hd

030

062 Turn X CW

002

200

o4l Set the X software brake
062

003

042

055

030

026 MVI D

020 10 BCD

036 MVI E

010 8 BCD

240 CLR the CY flag

315 Call Move-Check

000

034

000 NOP

-} O \n & w N

Un g Ao}
O 3 o\ F 0N e N oo \Wn F W oN = O

N

57 000 NOP

60 o041 Set the X software brake
062

ooz

OL2

W e



LOCATION

OCTAL

031 264

5
6

?
70

=~} O\ F WO

300

~ o FWN e

1

~N O F W N O

(=]

2

o\ W o

201
030
o041
062
007
oh2
207
030
o041
062
003
ou2
225
030
o4l
062
006
oL42
230
030
041
062
003
042
275
030
o041
062
002
042
313
030
041
062
006

92

DESCRIPTION

Set the Z software brake

Set the X direction in the semicircle
subroutine

Set the Z direction in the semlcircle

subroutine

Set the X software brake for the second
quarter of the semicircular arc

Set the X direction for the second quarter

of the semiclrcular arc

Set the Z rotation for the second quarter



LOCATION

QOCTAL

031 327
30

‘QO\U\-{-‘\.\JNH-‘O:‘\JO\U\.P'\JNM

(=]

5

=~ O \n £ W M

6

o

~1 O W W

70

042
316
030
000
000
000
315
200
030
041
062
007
042
144
030
o041
024
000
042
320
002
062
011
200
062
006
200
026
120
062
¢lo]
200
315
100
030

DESCRIPTION

NOP

Call the semicircle subroutine

Set the Z software brake

Set the number of loops te be made

CLR Z

Turn Z CW

MY1I D
50 BCD
Turn Z on

Call Z-Mov

83



LOCATION

OCTAL

031 372

~ O W

032 000

=} W ) N e

3

~N N W 0 = O

o

2

~ Ot & W e

(=]

3

£ W N e

076
000
271
322
367
031
041
320
002
065
302
354
031
000
315
200
030
000
000
000
062
003
200
000
000
o715 ]
062
002
o042
055
030
036
004
062
000

DESCRIPTION
MVI A

CMP C
Jump if Z 1s still on

Check the number of loops that have been made

DCR M
Jump if M # 0

NOP
Call the semicircle subroutine

NOP

Turn X CCW

NOP

Set the X software brake

MVI B
4 BCD

Turn X on

94



LOCATION

OCTAL

032 035
6

7
40

~ O \n F W

o

5

=~ O FoWwoN o

6

~3 o EF W e O

[@]

7

Oy W F oW e

200
35
010
030
076
000
270
322
036
032
000
oul
061
000
042
310
002
062
006
200
o4l
062
007
042
144
030
062
003
200
041
062
002
oLz
055

DESCRIPTION

Call X~-Mov

MVI A

CMP B

Jump if X is still on

NOP

Set the number of loops to be run for this

section of program

Turn Z CW

Set the Z software brake

Turn X CCW

Set the X software brake

95



LOCATION

QCTAL

032 077
100

~N O~ Fowwo e

1

~N O FW N = O

o

2

e B o AN N, TR ol WS T S B

(@]

3

"‘g‘\]O\\.n-{-‘\.JNI—-I-

030
026
020
036
010
315
000
034
000
o4l
310
002
065
302
056
032
000
062
006
200
ou1
062

- 007

042
144
030
062
003
200
ou1
062
002
)
055
030

DESCRIPTION

MVI D

10 BCD

MVI E

8 BCD

Call Move-Check

NOP
LXI H

DCR M
Jump if the proper number of loops have
not been taken

NOP

Turn Z CW

Set the Z software brake

Turn X CCW

Set the X software brake
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LOCATION OCTAL
032 142 026
3 020

4 036

5 010

6 240

7 315

50 000

1 034

2 000

220 000

1 o041

2 040

3 031

" 065

5 312

6 100

7 033

30 000

37 000

97

DESCRIPTION

MVI D
10 BCD
MVI E
8 BCD
CIR the CY flag
Call Move-Check

NOP

NOP
Load the following two bytes into H and L

DCR M
If M is 0 jump to this locatlon, otherwise

continue

NOF

*
L]

NOP



The following section of program will reverse all of the Z moves
written into the program thus far in order to bring the tool back along
the same tool path that it has Just followed. Before it is implemented,
however, the tool is moved into the workpiece an amount equal to the

depth of the cut that is to be taken.

LOCATION QCTAL DESCRIPTION

032 240 ol Change the Z-MOV at the following location

062 with the given instructions

oo7

o42

156

031

o4 Change the next Z-MOV instruction

062

006

042

162

031 ;

041 Change the next Z-MOV instruction

062

007

042

60 220

031

041 Change the next Z-MOV instruction

062

006

042

224

031

70 041 Change the next Z-MOV instruection
062

2 006

~ o FowWw N e

Q

5

~N O ln FoWN e

~N o W e

98



LOCATION

OCTAL

032 273
L

5
6

?
300

-~ O BN e

1

~N oW FE WO

Q

2

I B A SRV S~ WL R VI

<

3

Wi & W N =

042
267
031
041
062
007
042
303
031
041
062
007
oh2
o2p
031
041
062
007
042
357
034
o041
062
006
o422
341
031
041
062
007
o042
056
032
o041
062

Change

Change

Change

Change

Change

Change

the

the

the

the

the

DESGRIPTION

next Z-Mov instruction

next Z-Mov instruction

next Z-Mov instruction

next Z-Mov instruction

next Z-Mov instruction

next Z-Mov instruction
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LOCATION QCTAL DESCRIPTION

032 336 006

o042

062

032

o4t Change the next Z-Mov location
062

007

042

120

032

041 Change the next Z-Mov location
062

006

042

124

032

000 NOP

000

062 Turn X CW (Feed the tool into the workpiece)
002

200

062 Turn X on

000

200

o4l Set the X software brake
062

003

042

055

030

036 MVI E

100 40 BGCD

315 Call X-Mov

010

5 &
O ~2 O\ F W N e ~J

~N Oy Fo N e

6

~N O\ F W o= O

(@]

7

~N 0N FOoWONN o



LOCATION

OCTAL

033 000

~N O Wn F oW

1

o

W N

077
100

= O oW N e

p!

L]

~ O\ FWON e

20

030
076
000
270
322
376
032
303
120
03
000
000

000
Oh4t
062
006
042
156
031
o4l
062
007
o42
162
031
o4
062
006
Ol2
220
031

101

DESCRIPTION

MVI A

CMP B
Jump if X is still on

Jump back to this location to start the
second half of a pass at the workplece

NOP

a
[ ]

NOP
Change the first Z-Mov direction back to
it's original direction

Change the next Z-Mov location .

Change the next Z-Mov location
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LOCATION QCTAL DESCRIPTION

033 122 o041 Change the next Z-Mov location
062

007

042

224

031

o441 Change the next Z-Mov location
062

007

o2

267

031

Ol1 Change the next Z-Mov location
062

006

042

303

031

041 Change the next Z-Mov location
062

006

042

325

031

041 Change the next Z-Mov location
062

006

042

357

031

60 041 Change the next Z-Mov location
062

007

042

341

~ O F W

[»]

3

N OMEWUN R, S YowmEwNn e

(&)

5

~ On W F oW e

F W n o+



LOCATION

OCTAL

033 165

10

~ O n FoWNN

(o]

2

~N Ot W e

031
ol
062
006
042
056
032
g5
062
007
oL2
062
032
o4
062
006
o042
120
032
o441
062
007
042
124
032
041
030
031
065
302
260
033
062
003
200

103

DESCRIPTION

Change the next Z-Mov location

Change the next Z-Mov locatlon

Change the next Z-Mov location

Change the next Z-Mov location

Load the following two bytes into H and L

DCR M
Unless M is 0, jump to the following

location

Turn the X motor CCW (this moves the tool
away from the workplece after it has been
completed)
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LOCATION OCTAL DESCRIPTION

033 230 036 MVI B

231 g9 BCD

062 Turn the X motor on
000

200

315 Call X-Mov

010

030

076 MVI A

000

270 CMP B

322 Jump if the X motor is still on
235

033

166 Halt

000 NOP

000

000

000

000

000

000

000

000

062 Turn X CW (Feed into the workpiece)
002

200

(o151 Set the software brake
062

003

o42

055

70 030

036 MVI E

2 100 40 BCD

‘\JONU\-P\.DNHg'\JO\\J\FuNH

o

5

~ O FWON

6

~N oW F W N O

[N
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LOCATION OCTAL DESCRIPTION

033 273 315 Call X~-Mov
4 010
5 030 |
6 303 Jump back to this location (Start a new pass)
7 056

300 031
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The purpose of this research ls to develop, construct, and test
an interface between a microcomputer and an engine lathe, Although
numerically controlled machines are avallable, it is impossible, at
the present time, to obtain a package which will convert an ordinaxy
lathe into a computer controlled machine. In 1980, such an interface
was built for a milling machine. This system utilized DC stepper mo-
tors to control the position of the milling machine table. This re-
search was done in the laboratories of the Department of Industrial
Engineering at Kansas State University. The present project will
utilize reversible AC motors and thus require different interfacing
techniques, The project consists of three major areas, deslgn, con-
struction, and testing. The design phase consists of the develcpment
of the necessary circultry and hardware for the interface. The second
rhase is to construct and debug the system designed in phase one. Fi-
nally, a machine language program is written to machine a specific

part. This program tests the feasibility of the system,



