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switch which is mounted on the slider at the end of cut off stroke. Fault detection is

performed by counting the number of steps taken to back off the cut otf ool and compare the
count with the number of steps it takes to reach the imit switch.

6.4.7 Part separator

During the machine operatton. three tvpes of mezal pieces fall from the chuck. One is the
chip from machining operation and the other two are the desired part and the ejected stub.
The chip can be separated out using a grill arrangement. A rail was mounted on the cross
slide to catch the desired part when the cut off is complete and channel the part to one
bucket. This rail will not catch the stub because when the part is being ejected. the cross slide
is at the full out position. In this case, the stub will fall to the catch area for the chips and
removed at every cutting tool change.

6.4.8 Stopper

The tunction of the stopper is to position the raw matertal in the axis of lathe's rotation. The
stopper must operate while the chuck and raw material are rotating at 1040 rpm. The stopper
must also have three stopping position. One near the off tool to position material for end cut
off for new raw material. one at the position where the chuck will clamp the material for
machining operation. and one out of the way when machining begins Of these, three position.
onfy the position for material clamping must be held to the tolerance of =0.15 mm.  This
position control the length of the tinished part. The stopper will be adapted from the lathe's
tail stock. The screw of the tail stock will be driven by stepper motor for precise positioning.
With the pitch of the tall stock screw  being 160 mm per revolution and the stepper
resolution 1s 200 steps per revolution, the positioning resolution is 16.0 / 200 = 008 mm.
This resolution 15 well within the 0 15 mm required by part length tolerance. The drive for
this application is not critical and the existing hybrid tvpe Step-Syn motor type 80 two phase
motor number 103-815-2 was tested with satisfactory result. This motor has holding torque
of 21.0 kg-cm and running torque of 12 kg-cm for immediate start-stop operation at 60 rpm
(200 steps per second). The taulr detection method and the controt method tor the stopper is
the same as the cross slide.

6.4.9 Controller

It can be seen tater on in this document that in order to meet the cyvcle time of 40 seconds per
mece, several things has to happen at the same time as well as the precise control of the
stepper motor step rate and number of steps taken.  Further more, fault detection of the
machine must alse be active at the same time. These requirements cannot be easity met with
standard programmable logic controller (PLC) and microprocessor svstem must be used for
the control purpose. The microprocessor selected for this application is the microprocessor
designed specitically for control application manufactured by Intel. 1tisin the MCS 51 famuly
which is particutarly suitable for control purpose.  The camplete microprocessor board 1s
manufactured in Thatland bv Sila Rescarch Inc. and this would guarantee spare part
availability The software for the controller s written in assembly language and embedded in
the controller board using erasable programmable read only memory (EPROMN! and the entire
micropracessor board contair no moving part.  The controller communicate with use via
switches and lamps. A set of part dimension trim control 1s built in so that tool setting is not
required when adjustment is necessary. More detail on the controller will be discussed in
another section of this document.
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7. STEP MOTOR DRIVE

Step motor used i this project is a hybnd type with four phases  The charactenstic of step
mater (s that it can be moved in small steps (usually 200 steps per revolution) and capable of
sudden start and stop operation. The speed of the stepper motor can be controlled by the
frequency of phase excitation and the direction of rotation is controlled by the sequence of
phase excitation. A step motor ¢an be driven in ane of three ways. Single phase excitation
provide lowest power consumption and heat generation. Two step drive provide high
operating torque. Two-one phase drive provide halve step motion  In general, two phase
drive ts used except tfor positioning of the turning tool on the cross slide which require two-
one phase drive to meet the positioning resolution requirement.  Step motors are rated
according to it's holding torque. phase current. and phase voltage. Torque-speed cunve is
supplied in the motors catalog.

The power supplv tor the stepper motor is usuallv of a voltage higher than the motor rating
and the voltage to the motor is reduced by a set of series resistor. With this arrangement.
torque at high step rate 15 improved due to better resistor - inductor ratio. Common supply
voltage recommended by the factory 1s 24 volts but m practice. 13.8 volit supply is much more
common and is selected for this syvstem  The value of series resistor is calculated using the

following equation:

Ro=R,(V.-VIV,L- Ry,
Where R s = value of series resistor in ohm
R = phase resistance of stepper motor
V. = supply voltage
V, = voltage drop across drive transistor
Vi = motor voltage rating

Supplyv voltage of 3.8 volt is used because of availability. The voltage drop across the drive
transistor is the saturation voltage which is normally about 0.8 volt. The power rating of the
series resistor can be calculated from the equation

k)

[J\ = EIIIHR‘\

Where P. = power rating of series resistor in watt
i,, = current rating of the motor

It is common that the power rating of series resistor is in the order of 20 to 60 watts and the
resistors used are commercially avaitable adjustable power resistor with rating of 100 wait.
The power dissipated by the resistor is quite large and cooling fan is required.
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8§ THE CONTROLLER
8.1 Function of Cantroller

As the name imply, a controller is used to control a process which in this case is the single
purpose lathe.  The controiler monitor external events {called inputs) and base on those
events, give commands to external actuators (called outputs). Inputs to the controller is user
activated switches or switches that indicate position of drive systems. The outputs of this
system compose of step motors, pneumatic actuator, hydraulic actuators, and indicator lamps.
The control process will act according to pre programmed steps required by the process.
These pre-programmed steps will be called operation chart. The description of the operation
chart follows:

8.2 Operation Chart

The operation chart 1s a chart that shows when each of the system components need to be
activated and tor how [ong. For the single purpose lathe, there are ¢ actuator involve which
are the linear feeder. rotary feeder. chuck jaw, cross slide, turning slide, and stopper.
Description of each of these components can be found in the 'Configuration' section. The
chart has the time as the horizontal axis and actuator speed as the vertical axis. This chart 1s
created to aid the programming process and do not show the conventional actuator
displacement. The chart show 7 separate fields of action to process the raw into finished part.
The description of each field follows:

The first field show actions required to feed the part. This involve pulling the linear feeder
back, feeding part from the happer via rotary feeder on to the rail, and pushing the part
through the chuck opening. Before the part can be fed through the chuck opening. the
stopper must move to the position just outside of the chuck opening and the turning tool
move in to cutting position.

The second field 15 used to cut the face oft a new raw material before part production begin.
During this process, the turning tool will smooth out the side of the part before cutting it off.
This is required because the raw material is cast iron with rough finish and cutting it directly
with the cut off tool may cause tool breakage. While the turning tool is operating, the
stopper begin to move back to prepare for next operation. When the turning process is
fintshed, the cut off toel will move in to cut the face of the new matenal. After that, the cut
off tool will move back to allow the material to be fed for further machmning.

The last five fields are identical. For each of these field, one finished part will be produced.
The process begin by turning operation followed by cut off operation. After the cut off
operation s finished, the cut off toof is retracted, the stopper move in place, and the new
material is fed by unclamping the chuck jaw while the material 1s being pushed by the hnear
feeder. After the material is in place, the chuck jaw clamps the new materiat and the next
field of operation can begin.

8.3 Coutroller Board Configuration
The heart of the control unit is a microprocessor board selected from local manufacturer to

guarantee spare part availability, The board used is ANT-32 made by Sila Research Inc.
This particular microprocessor board use Intel 8032 as the microprocessor and two 8255
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programmable peripheral intertace (PP1) for input and output operation. This configuration

allow up to 48 bits of input’output plus another 8 bits from the CPU port (PL .G through P1.

7). The beard 1s configured with RS-232  communication link tor future expansion and

watch dog timer for automatic reset in case the CPU is locked up for any reason. Up to 32K

of code memonv can be programmed ustng EPROM. This particular company also produce

several external boards such as stepper motor driver and relay boards which can be connected
to the CPY board with supplied connecting cable.
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8.4 Inputs and Qutputs Configuration

The single purpose lathe require several input and output for it to function properly.
According to Sila convention.  The Fust PPI is designated as U} and the second PPI
designated as U2 while the letter U stands for user port. For each user port there are three
separate 8 bit ports calted A B, and C according to Intel convention. The 170 configuration
list follows:

PORT VO ACTIVE DESCRIPTION

ULAD O LOW  NIOTOR O (CUT) PHASE A

UlAt O LOW  MOTOR O (CUT) PHASE B

UlA2 O LOW MOTOR 0 (CUT) PHASE C

UTAZ O LOW  MOTOR O {(CUT) PHASE D

UTA4 O LOW ANOTOR | (TURN) PHASE A
UIAS O LOW MOTOR 1 (TURN) PHASE B
LiTAa O LOW AMOTOR I (TURN) PHASE C
UIA7 © LOW AIOTOR 1 (TURN) PHASED
uiBn O HIGH STEPPER MOTOR POWER SUPPLY
UIBl O HIGH ROTARY FEEDER MOTOR ACTIVATION
UiB2 O HIGH LINEAR FEEDER BACK

UtBs 0O HIGH LINEAR FEEDER FORWARD
UiB+ O HIGH CHUCK CONTROL

UIBS O HIGH HYDRAULIC PUMP POWER
UIBs O HIGH LATHE POWER CONTROL
UtB7 O HIGH READY LAMP

Urco 1 HIGH HOPPER EMPTY SWITCH

UICl [ LOW  LINEAR FEEDER FULL IN SWITCH
Uic2 [ LOW  LINCAR FEEDER STUB SWITCH
UIC3 [ LOW  TURNING SLIDE HOME SWITCH
uicd 1 LOW  CUT OFF SLIDE HOME SWITCH
UIc7? 1 LOW  SPARE

U2A0 O LOW  MOTOR 2 {STOPPER) PHASE A
uzal O LOW  MNMOTOR 2{(STOPPER) PHASE B
U2A2 O LOW  MOTOR 2 (STOPPER) PHASE C
U2A3 O LOW  MOTOR 2(STOPPER) PHASE D
U2A4 O HIGH HOPPER EMPTY LAMP

U2AS O HIGH REMOTE ALARM

U2as O HIGH  SPARE

U2A47 O HIGH SPARE

U2BO 1 LOW  DIAMETER TRIM BIT 0

U2l LOW  DIAMETER TRIM BIT |

uzB2 I LOW  DIAMETER TRIM BIT 2

U2B3 | LOW  DIAMETER TRIM BIT 3

U2B4 I LOW  LENGTHTRIM BIT 0O

U2B> | LOW  LENGTHTRIM BIT |

Uuz2B6 1 LOW  LENGTHTRIM BIT 2

U2B7 1 LOW  LENGTH TRIM BIT 3

e 1 LOW  TESTCODE BITO

U2y 1 LOW  TEST CODL BIT |

uz¢z 1 LOW  TEST CODE BIT 2

vuzCs | LOW  TESTCODEBIT 3

u2c4 1 LOW GO SWITCH

u2cs 1 LOW  STOP SWITCH

Uu2ce 1 LOW  EMERGENCY STOP SWITCH
Urc? 1 LOW  SPARE
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8.5 Watch Dog Timer

In industnal control application. it is quite possible despite all the precautions exercised
durtng design stage, that the CPU will lock up or et lost during it's operation. This may be
due to improper hardware/software design, power surge, brown owt of line power, intense
electromagnetic radiation, sun spot activity, or whatever reason.  When that happens, the
hardware connected to the coniroller 1s out of control. The hardware could be the lathe
motor which 1s rated at 3 hp. and sometime things can get dangerous. To prevent this
problem, an electronic circuit 15 designed to cope with this kind of events. The circuit under
discussion is called "'warch dog timer’. The timer will have 1o be activated (petted?} once
every second to keep it happy. 1f the activation signal do not come regularly. it means that
the CPU is not doing what it supposed to do and the watch dog timer will proceed to reset
the CPU. Once reset, a good practice in controller programming is te have the CPU wait for
a push button switch before it continue to work, The watch dog timer. in this case, is activate
by complimenting the P1.7 bit regularly in the program toop.

8.6 Driving Multiple Step Motors

Looking at the operation chart, it can be seen that more than step motor need 1o work at the
same Lime at different step rate and number of steps. The step motor used in this project 1s a
four phase type. To make the motor turn, the phases must be exited in sequence. The step
rate can be as high as 300 steps per second which means that the CPU must issue a command
to the step motor driver 300 times 1n one second. If only one step motor s 1n operation at
any given time, a simple software tuming loop can be utilized to drive the motor. In this case,
more than one step motor is working at the same time and while the motors are being
operated, other control function is also required. A soltware loop for such operation would
be hopelessly complex and the accuracy of motor speed is gquestionable. The approach taken
i this project is fo use the internal timer available in the CPU to operate the stepper motor in
the background while other contro! function ts being operated on in the foreground. In fact,
two timers are operated simultanecusty in the background so that the motors can run at
different speed. The timer for MCS-51 family microprocessor run at 1712 crystal speed and
1t operates as a counter counting number of pulses trom the crvstal divided by twelve  When
the timer reach the maximum value of FFFFh (653535) it will roll over to 0000h and at the
same time generate an interrupt to the CPU if the interrupt enable register is properly
programmed.  When the CPU is mterrupted, it wilt call the interrupt service subroutine and
this interrupt service routine is used 1o issue commands to  the stepper motor controller. To
set the step rate of the motor, the timer register will be loaded with a value larger that zero
during the interrupt service. This will make the timer fill up faster and hence increase the step
rate. The value to load in to timer register can be calculated [rom the tollowing equation:
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Reload value = round(FFFFh-£/( 1 2*S8)-T,)

where t = Crystal frequency = 11.059.200 Hz
S = Step rate of motor (Hz)
T, = Overhead time tor reload operation (cycles) = 3

The two timers used to operate the stepper motor are asstgned the same priority level so that
when an interrupt i1s requested while the other is in progress, there will be shght delay for the
tirst one to finish before the second routine can be executed.  This causes miner speed
variation of the stepper motor when two motors are being operated simultaneously.

8.7 Error Detection of Step Motor Drive

When using a step motor as a drive umit, 1t operates mn an open lvop mode. What this mean 1s
that, when the motor 1s overloaded. it skip steps and the actual displacement of the actuator is
not what has been programmed. Tlis step skipping cannot be detected because no feed back
information is available. The step skipping can be caused by the following events:

- The step motor is driven at excessively high step rate.
- High friction due to lack of lubrication of the slide.

- High friction due to improper adjustment of slide.

- Excessive force due to broken cutting tool wnsert.

- The tool 15 stalled because the chuck s not turming.

- Insuftictent voltage is available to drive circuit.

Whatever the cause, the parts produced will most likely not be in proper tolerance and the
condinon must be corrected. It 15 not possible to detect the problem when the motor 1s in
forward motion but when the motor reverse the direction to return to reference position
(detected with limit switch} the number of backward steps can be counted and compare to
the number of forward steps taken I the two counts are differ more that a pre specified
amount, skipping of steps has occurred and the operation will stop and the error indicator
lamp will come on. Please note that the number of step count for the forward motion and
backward motion will never be the same because the on and oft position of the limit switch s
not at the same position. Backlashes in the drive mechanism also contribute to this difference

To detect the reference position properly, the step count is monitored only after the switch
contact has made the transition between on and off. If the Inmit switch maltunction. the motor
can step forward forever or until something break. This condition can be prevented by
programming in the maximum number of steps expected for limit switch stroke. I the
number of steps exceed a pre specified value, it can be concluded that the limit switch has
failed and the error lamp will come on.

8.8 Error Detection of Preumatic Drive
The control unit is interfaced with the pneumatic system with a solenoid valve. When the
valve is operated, the compressed air will rush in to the cylinder and cause the piston to move

and perform the required task. The pneumatic actuator may not be able to perform it's task in
the fallowing circumstances:
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- The supplv air pressure is low or absent.
- The solenoid valve is stuck.
- Open circuitry benween controller and valve.
- Aur line is leaking.
- Mechanical binding of actuator.

The air cylinder s equipped with two reed switches. The reed switch is activated by magnetic
material embedded in the piston and can detect the piston positions. The check of pneumatic
device funciton is done by issuing a command for it to move and then monitor if the
appropriate reed swirch is activated within a specified time trame. It the reed switch is not
activated properly. the operation stop, and the error lamp comes on.

8.9 Controller Software

The controlier software is written in assembly language for speed and compactness. The
software 1s tested on the actual machine using EPROM emulator. The final version of the
software 1s programmed in to an EPROM and mserted n to the code memory socket of the
micro controller board.

8.10 Controller Housing

The controller unit which inciude the CPU board, stepper motor drivers. relay boards, input
board, and CPU power supply is housed i a personal computer housing.  The housing 1s
equipped with cooling fan and air filter to cope with the production line envirenment. The
fan and tilter system is designed such that the interior of the housing conamns positive
pressure when operating to keep out the dust and other contaminants. The stepper motor
resistor pack and power relays are housed n a separate box to prevent excessive heat built
up and electrical noise that could upset the CPU board.

9 TEST FUNCTIONS
The control svstem is designed with a rotary switch to enable individual testing of

components of the single purpose lathe. This would alfow easy maintenance, testing, trouble
shooting, and adjustment of the lathe Each of the switch position is discussed in turn:

9.1 Position 0: Nermal Operation

This is the normal run position of the lathe. The switch is kept at this position during normat
operation.

9.2 Position 1: Single Piece Test
This is the single piece position. When this tunction is selected, the lathe wilf machine the
part one at a time and then stop. The cvele repeat iself when the go switch is pressed. This
function is used for gquality control and tool setting. The part diameter and length can be
adjusted using trim switches on the control unit.

9.3 Paosition 2: Turn Shide Test

This function is for turning slide test. After this function is selected. the go switch need to be
pressed to initiate the test. The turning shide will move to the end of stroke. At this position,
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the tip of the turning tool should be about 0.3 mm behind the edge of the cut off tool on the

chuck side. When the go switch is pressed again, the turning tool will retract to full back

position.  This position should be about 20.5 mm from the edge of the curting tool on the tail

stock side, These positions can be adjusted by moving limit switches or limit switch actuator
if applicable.

9.4 Position 3: Cross Slide Test

This function test the cross slide positioning mechanism. The cross slide has three critical
positions. The first is against the himit switch which is the end of cut off position. The second
15 the turning position.  The third is where cut off tool is about to make contact with raw
material. For each time that the o switch is pressed, the cross slide will sequence through
these positions in turn. The turning position can be adjusted by moving the limit switch and
then fine tune with trim switch in the controller. The raw material comtact switch is adjusted
by moving the cut oft tool In its holder with a part 21.30 mm diameter clamped in the chuck.

9.5 Position 4: Stopper Test

This position is used to adjust the tail stock position. When the go switch is pressed each
time, the stopper will sequence between the full back position, halve way position, and full
out position. The critical position for the stopper is the haive way position which control the
finished part length. This position can be adjust by loosen the tail stock lock. install cylinder
rod n the chuck so that the end of the rod 15 exactly 20.0 mm from the cut oft tool edge on
the tail stock side, and then operate the go switch. At this point, the step motor will push the
stopper to halve way position.  Since the tail stock 1s not locked. the entire tail stock
structure will be pushed back to the appropriate position. The tail stock then can be locked in
to place against the lathe bed. The trint adjustment in the control box can then be adjusted for
fine tuning of the position.

9.6 Posifion 5: Linear Feeder Test

Position 5 1s used to test the operation of the lincar feeder. Pressing the go switch once n
this test position will cause the linear feeder to go to full back position. At this position, the
tip of the linear teeder should be cleared of the feeding rail at the rotary feeder. The position
is not critical. Pressing the go switch again will cause the linear feeder to move to tull out
position. At the full out position, the tip of the linear feeder should be level with the chuck
jaw. The stroke of the hnear feeder is not adjustable and this test is provided for testing
during fabrication and alignment of the feeder system.

9.7 Position 6: Rotary Feeder Test

This function is used to test the hopper and rotary feeder. Pressing the go switch once at this
test position will cause the rotary teeder to feed one part in to the linear tfeeder rail.

9.8 Position 7: Chuck Test

This position is used to test the chuck operation. Pressing the go switch once will cause the
chuck to open and pressing the switch again will cause the chuck to close. In the tull open
position, the chuck jaws should just be able to accommodate a 26 mm diameter cylinder.
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9.9 Position 8: Lathe Motor Control

This function will test the on/off function of the lathe motor control
10 ERROR CODES

The error code 1s displaved on a 20 characters liquid crystal display (LCD) module mounted
on the front panel of the control unit. Normally, the error display is off and when the control
unit detect any error in the machine operation, the error display will show a short error
massage corresponding to the tvpe of error that occur. During an error condition, the lathe
motor and the hvdraulic power unit will be turned off and the red alarm lamp as welt as the
remote alarm contact will be on. This section describe possible error associate with each
error code and metheds to test and fix the problem.

10.1 ERROR CODE 01 CROSS LIMIT

This error occur when the cross slide attempt to leave the home position.  Initially, the
contact of the imit switch attached to the cross siide 1s in close position and as the step motor
turn the drive screw to move the cross slide, the switch will be released. 1f the switch is not
released after a fixed number of steps. the error condition 1s detected. This error s caused by
one of two things. One 15 the drive svstem malfunction and the other is the limit switch
malfunction.

10.1.1 Drive Malfunction
The drve svstem malfunction can be caused by the fallowing:
10.1.1.1 Loose coupling

The step motor drive action create quite a bit of torsional vibration in the related parts which
can cause the set screw in the coupling to work itself loose. To check this. turn the coupling
by hand and see if the associated sfide move and some resistance is felt trom the drive motor.
If the slide does not move. the set screw on the shde side 15 loose. I{ the resistance of the step
motar 1s not felt, the set screw on the motor side i1s loose. The ser screw is assembled using
Permatex thread lock compound. and 1f 1t was disassembled. the compound will have to be
replaced. To do this. remove the lock screw using an allen wrench (L shaped wrench with
hexagonal cross section) and clean it with wire brush. Put a drop of thread tock compound
on the screw thread and tighten the screw

10.1.1.2 Excessive slide friction

Excessive slide friction can be caused by improper adjustment of the slide clearance or lack of
lubrication. Lubricate and adjust the slide according to lathe manutacture recommendation.

10.1.1.3 Drive motor mallunction
The drive motar function can be tested by moving test selector switch to position 2 and press

the go switch. Pressing the go switch will cause the shde to alternately move forward and
backward. I the motor do not turn smoothly, check the following:
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a) The 12V DC power supplv should have output of 12,5V or more while the drive
motor is running.  1f the supply voltage is below this. replace the power supply.

b} The resistance of the resistor pack should be about 2.5 ohim. If the resistance is
much higher than 3 ohm. replace the resistor pack.

¢) Try replacing the CPU to stepper motor driver cable.

d) Try replacing the stepper driver board making sure that the jumpers are at the
same positions for replacement board.

10.1.2 Limit Switch Malfunction

The limit switch can malfunction when operated with oil or water contamination. The
following procedure will check out the limit switch operation.

a) With the controller power on, turn the coupling so that the slide move away from
the himit switch in question.

b) Check the voltage across the limit switch terminal. With the switch released, the
voltage should be 5V + 0.5V, If the voltage is below the specified value, disconnect the
wiring at limit switch and check switch resistance. Replace the hmit switch if the resistance is
not infinite.

c) Press the switch in, the voltage across the switch should be zero.  If not, replace
the switch.

d) With the switch pressed. the voltage across the switch connection termtnals in the
control box should be less than 0.1 V. If the voltage is higher than this, replace the switch
wiring.

e} 1f the switch svstem pass all the tests and the system is still not operating correctly.
try checking the voltage level at the 8235 PP on the CPU board while operating the switch If
the voltage level change between 4.5 V and 0.2 V, replace the 8255 chip.

f} After the tests, if the svstem still have problem. consult the sotiware listing and
change the appropriate hardware parameters. The problem may be caused by increase in
backlash after long period of use.

10.2 ERROR CODE 62 CROSS STROKE

This error can occur when the cross slide retum to home position and 1t 1ake too few steps
for the motor to accomplish this. The mast likely cause for this error is the broken cutting
tool. When the cutting tool is broken, the force required be drive mechanism is excessive and
may cause the drive motor to skip steps which cause the number of steps backward to be less
than the number of steps required to move forward.

10.3 ERROR CODE 03 CROSS NOT RET

This error occur when the cross slide return to home position and it take too many steps for
the motor to accomplish this. The diagnostic procedure is the same as error code 1. If all
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else fail. try to change step rate for tool movement in the software. Lower step rate will vield
more motor torque and should remedy the problem.

10.4 ERROR CODE 04 TURN LIMIT

The errar code 4 accur when the turning slide attempt to leave the home position but did not
succeed. The diagnostic 1s the same as error code 1.

10.5 ERROR CODE 05 TURN STROKE

This error occur when the cross shide return to home position and it takes too few steps for
the motor to accomplish this. The remedy is the same as error code 3

10.6 ERROR CODE 06 TURN NOT RET

This error occur when the cross slide return to home position and it takes too many steps for
the motor to accomplish this. The remedy 1s the same as error code 2.

10.7 ERROR CODE 07 STOPPER LIMIT

This code is associated with stopper drive. Look tor mechanical binding and if non 1s found.
try to trouble shoot the problem with procedure associated with error code 1.

10.8 ERROR CODE 08 STOP STROKE

This error occur when the stopper return to home posttton and it take too tew steps
tor the motor to accomphish this. The remedy 1s the same as error code 3.

10.9 ERROR CODE 09 STOP NOT RET
This error occur when the stopper attempt to return to home poesition and failed.
10.10 ERROR CODE 10 CHUCK NOT CLR

This error could occur during lathe initialization when the liner feeder 1s operated and cannot
reach it's full out position. This is caused by a piece of raw material which is stilt in the chuck
when the lathe 1s turned on. Remove the raw material tfrom the chuck and try again.

10.11 ERRORCODE 11 LINEAR NOT RE

This error code deal with linear feeder. The error is generated when a command is sssued to
the linear feeder and the reed switch mounted on the cylinder is not closed in a specified
amount of time. This errar is caused by:

a) Mechanical detformation of cylinder/shalt.
h) Binding of mechanicul parts.

¢) Air supply pressure is below 4 bar.

d) Pressure regulator 1s not properly adjusted.
e) Speed control valve is not properly adjusted.
£} Air teak in the system.

¢) Reed switch matfunction.
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h) Defective solenoid valve.
1) Detective drive relay.
1) Defective 24 V'DC supply.

10.12 ERROR CODE 12 ROTARY PROB.

This error code is associated with rotary feeder malfunction.  When the rotary feeder is
operated and the linear feeder detect no raw material in the chuck, this error is generated.

10.13 ERROR CODE 13 HOPPER EMPTY

This error code ts generated when the limit switch at the part hopper detect hopper empty
condition

10.14 ERROR CODE 14 EMERGENCY ST

This error condition is generated when the lathe is stopped abnormally by pressing the
emergency stop button.

10.15 ERROR CODE 15 STOPPED

This code 1s generated when the stop button is pressed. When this button is pressed, the
lathe finish the piece of raw material before stopping.

10.16 ERROR CODE 16 COUNT ERROR

This error is generated when the fathe have machined five shders {rom the raw material and
the stub of the piece 1s not found by the stub detection switch. This error occur when the
stopper setting 1s incorrect or the raw material is abnormally fong.

11 HARDWARE PARAMETERS IN THE CONTROL SOFTWARE:

[ Overview

The program for the single purpose lathe s written in assembly language. This program
must be translated in to machine code using a program catled assembler and then written to a
permanent memory called erasable programmable read only memory (EPROM)  The
EPRONM is then plugged in to the microprocessor board of the single purpose lathe. The
program contain hardware parameters which can be changed by the user to suit the
production requirements. The hardware parameters include cut speed. move speed, forward
stroke and reverse stroke of sliders. Changing these parameter is analogous to changing the
setting of flow control valves and limit switch positions of hydraulicallv operated machines.

11.2 User Tool Kit

To enable the user to change the hardware parameter to suit the production requirement, a
tool kit has been supplied for this purpose. The tool kit contain the foliowing parts:

b Lined suitcase to contain all the parts.
2. One master disk {3.5" IBM format) containing programs.
3 One work disk (3.5" IBM format) contaiming programs.
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4. One EPRONI programmer with power adapter.

5. One R5-232 cable for 9 pins connector.

6. One RS-232 cable tor 25 pins connectors.

7. One EEPRONMI for program testing.

8. Three EPROM for working progrant.

9 Ten opaque stickers for EPROM software protection.
10, This document translated in to Thai.

Each of the tool kit parts will be discussed in turn in the following paragraphs:
11.2.1 Suitcase

The suitcase is a hard shelled suitcase lined with open cell foam rubber to protect the internal
parts from shock. vibration, moisture. and temperature variations The suitcase contain
magnetic recording material and 15 not shielded against magnetic field. The suitcase should
not be stored near strong magnetic tield such as power transtormers, speaker enclosures, or
uninterruptable power supphies.

11.2.2 Master disk

The master disk is packed along with the work disk in a plastic container wrapped with
aluminum foil to protect it from x-ray radiation at the airport while being transported from
Chiang Mai. The master disk contain the original lathe control software listing as will as
machine code in Intel hexadecimal format. It also contain operating svstem. editor,
assembler. and communication sottware needed for changing hardware parameters. The disk
is write protected and should be kept that way.

11.2.3 Work disk

The work disk is an identical copv of the master disk but is not write protected. It is used for
making program modifications and it it become defective, anorher copyv can be made from the

master disk.
11.2.4 EPRONM programmer

The EPROM programmer is an clectronic device that take machine code trom a
microcomputer via series communication line and then write corresponding bit pattern w to
an EPROM. Once the information is written, it is permanent and can only be erased by
expose the EPROM to strong ultraviolet radiation for some amount of time depending on the

light intensity.
11.2.5 RS8-232 cable
The R8-232 cable 15 used to transfer information from a personal computer to the EPROM

programmer. There are two standard type of connectors inuse One use 9 pin connector and
the other use 23 pin connector. One cable is supplied for each type of connector.

11.2.6 EEPROM

One EEPROM is supplied in the kit for program testing. EEPROM s an abbreviation of
electrically erasable programmable read only memory. The EEPROM is suitable for program
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testing because it can be written many times by EPROM programmer without having to be

erased first by ultraviolet light.  This feature aid program testing but the information

contained inside can be erased by power surge in the system and is not as rugged as the

EPROM counter part. 1t 1s not advisable to use EEPROM! to store program code in the
microprocessor board for extended use.

11.2.7 EPROM

The EPROM is used to store program code the controller board. The EPROM can be
written only once by the programmer. If it is desirable to rewrite an EPROM, i must be
erased first by ultraviolet light through the crystal window on the chip. Once the EPROM is
written, it should be protected from light by placing an opaque sticker on the crystal window.

11.2.8 Opaque sticker

The supplied opaque sticker is used to protect the code in the EPROM from being erased.
The sticker should be place on the EPROM chip and cover the entire transparent window on
the chip. Material like masking tape or paper sticker is not truly opaque and should not be
used. Black electrical insulation tape can be used but the glue may run at elevated
temperature.

[1.2.9 User manual

The user manual in That is transiated from part of the English language report. The report
may be referred to for claritication.

11.3 Relations of Parameters

The hardware parameter is related to the lathe parameter. Each of the parameters are
discussed in turn:

11.3.1 Pitch

The pitch for each slider is the linear distance that the shide travel when the drive screw is
rotated one {ull revolution. The unit used is i millimeter per revolution.

11.3.2 Forward stroke

The forward stroke for each shder s the distance that the shder will move measuring from the
position that the shide leave limit switch (switch contact begin to open} to the end of the travel
required by the operation. Some slider such as the stopper may have several forward strokes.

11.3.3 Reverse stroke

The reverse stroke is the distance that the screw is expected to turn to bring the shder back
in contact with limit switch at the pomnt that the switch contact begin to close. The reverse
stroke is fonger than forward stroke because it will include backlash in the drive mechanism
plus the difference between the position that the switch begin to open and switch begin to
close  The closing and opening position of switch contact is always different due to histeresys
built in to the switch mechanism.

'
W
o



Conflidential Report: Technology Development Olfice
] Premice Global Corporation Lid.
[1.3.4 Motor resolution

Motor resolutien is the number of steps the motor must take to complete one tull revolution
All the step motors used tor the lathe 1s 200 steps per revolution but the drive method mav
differ. A one phase or two phase drive method will vield 200 steps per revolution but one-
two phase drive will yield 400 steps per revolution.

11.3.5 Number of steps

The number of steps is the number of steps that the motor is required to make to achieve the
desired stroke. The number of steps are calculated from all of the above parameters and can
be written in equation form as

N = S5/Pr

where N = number of steps required

S = stroke of slider in mm.

P = pitch of shder in mm/revolution

r = motor resolution in steps/revolution

The lathe being used is Y AM-550 engine lathe with the following specifications:

Cross slide

pitch 4 mm/rev.
forward stroke 15 mm.
reverse stroke 16 mm.

turn stroke 335 mm,
motor resolution 400 stepsirev,

motor designation in software MO

Top shde

pich 3 mm/irev.
forward stroke 30 mm,
reverse stroke 31 mm.
ready for facing 27 mm

turn tor facing 3
motor resolution 200 stepsirev.

motor designation in software M1

Stepper slide

pitch 4 mm/irev.
normal stroke LO mm.
return from nornial 12 mm.
fFacing stroke 37 mun.
return from facing 39 mm.
clear chuck stroke 40 mm.
return from clear 42 mm.
motor resolution 200 steps/rev.

motor designation in software M2
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11.3.6 Timer reload value

The step motor speed is controlled by CPU internal timer. The timer normally begin the
count at 0 and count up to 65535 When the terminal count is reached. the timer ueperate an
mterrupt which cause the CPU to turn the motor one step. At this point the CPU can reload
the nimer with a value larger than 0 to cause the timer to reach the terminal count earlier
The larger the reicad value. the faster the step rate.  The timer run at 1/12 of crysial
frequency and the equation to calculate the reload value follows: -

R=065335-1/128-T,

timer reload value

= crystal frequency = 11,059.200 Hz

= step rate {step/second or Hz)

, = software overhead to reset timer = 3 ¢ycles

fl

where

t

v
|

A table for reload value can be found in Appendix A
11.3.7 Step rate

The step rate of the motor correspond to the tool speed required to machine a part. The tool
speed 1s normally referred to as feed rate which has a unit of mm per chuck revolution. The
step rate can be calculated frem the following equation.

S = WFr/(60P)

where S =stepratein Hz
W= chuck speed in rpm.
F o= teed m mm/revalution
r = motor resolution in steps/revolution
P =dnve screw pitch ot slider

Once step rate is caleulated, the appropnate reload valee can be found on the timer reload

table,

The torque-speed characteristic of a stepper moter is such that. when the step rate increase.
the torque s reduced.  This 1s the miting condition for tool speed during tool movement
without materral removal. I the step rate 1s too high. the motor will skip steps during tool
movement and cause error condition  The optimum tool speed is best determimed
experimentally since the drive assembly mertia and friction is ditticult to calculate.

1.4 Constant Definttions

In the program listing under the heading of 'DEFINE HARDWARE PARAMETERS
contain parameters of the machine. These parameters can be changed to effect the way the
single purpuse lathe operates. The description if each parameter follows:

mOfstroke:
This constant refer to motor number ) forward stroke. Maotor nunther 0 i85 associated with

the cross stide and the number that follow 'equ’ is the number of steps to achieve this stroke.
This is the number aof steps that the drive motor will move to cut otf the part from the raw
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material after leaving limit switch. If the cutting teol do not quite reach the center of the

part. this number can be increased. It the cutting tool move beyond the center of the part,
the number mav be decreased.

mOrstroke:

This constant 1s motor number O reverse stroke. This is the distance that the cross slide
expected to move until it reach the kit switch. If the actual step required to reach switch is
much larger than the specitied number, it means that the slide is jammed in the reverse stroke
and error condizton will resuft. This problem may be caused by excessive friction on the slide
or the step rate set to move the toof back is too high. If the moter take too few steps to
reach the switch, it means that the slide is jammed in the forward stroke. The cendition may
be caused by defective cutiing tool

mOtstroke:
This is the number of steps required for the cross slide to reach turning position. The
number ts the number of steps that the motor will turn beyond the limit switch position. This
number 1s added to the diameter trim switch on the front panet before the program move the
cross shde. At later stage m the lathe development, a micrometer ts added to the lathe as the
activator for the limit swiich to ease the part diameter setting and this variable is no longer
used tor part diameter setting.

mOcutrelo:
This is timer reload value for cutting oft the part.  This number control cutting speed of the
cut off tool. Higher reload value will cause the cut off rate to increase.

mOmovrelo:
This is timer reload value for moving the cross slide back te Timit switch position. I this
value 1s set too high. the motor mav skip step and cause error condition. [t it 15 set too low,
productivity will sutter.

mlfstroke:
The number 1s the number of steps required for the turning tool to complete the turning
operation. The eftect of the value setting 1s similar to mOfstroke.

mifstroked:
This stroke is used to prepare the turning tool betore turning the head of a new part. Tt s
used during facing operation ot a new part.

mlfstroke2:
This is turnming stroke used after the turning tool moved in to position by mlfstrokel. The
purpose of this operation 15 te turn the head ot a new part and get ready for facing operation.

mlrstoke:
This is the stroke used for returning the cutting tool to home position. The effect of this
nunber 1s similar to mOrstroke.

mtecutrelo:
This ©s the tinwer reload value for turning - The eftect of this parameter s ssmitlar to mOcutrelo.
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mimovrelo:
This 1s the timer reload value for returning the top shide to home position. The effect of the
number is simifar to mOmovrelo

m2tstrokel:
This number is the number of steps required tor the stopper to reach normal part stop
position. It 15 referred to in other part of document as stopper position . The value from the
front panel length trim switch 1s added to this value before the program start the execution of
moving the stopper.

m2rstrokel:
This is the number of steps the stopper expected to move back to limit switch trom position |
described above.

m2fstrokel:
This 1s the stopper position 2 which is used to stop the raw material near the chuck for facing
operation.

m2rstroke2:
This s the number of steps the stopper expected to move back to hmit switch from position 2
described above.

m2tstroke’:
This is the stopper position 3 which is used to push the raw material in to the chuck. Tt is used
during self test after power up when the control unit detect raw material in the lathe  This
motion assure that the path of the cross slide is clear before testing.

m2rstrokes:
This is the number of steps the stopper expected to move back to it switch from position 3
described above.

11.5 Reprogramming the Lathe

The following instruction 1s used to reprogram the lathe for different operating parameter.
An IBM compatible computer with at feast one serial port and ene 14 Mb disk drive 1s
required for the process

I Connect the EPROM programmer to CONHE port of the computer ustng supplied
RS-232 cable.

2. Power up the computer.

3. Plug in the EPRONT programmer power adapter.
4. Inset the work disk in drive A

5. Press [Alt][Cul}[Del] 1o reset the computer.

0. When A> appear on the screen type edit{ Enter]

7. The program listing will appear on the screen.  Locate 'DEFINE HARDWARE
PARAMETERS' section and make required alteration with arrow Keys and
backspace key

S, Press [AlL]FS to save the alteration,

9 Press [AILJFQ to ext editor.

10, The assembler will be started automatically. Look tor error massage and if there
1s non, proceed to step [ otherwise. go back to step 6 to correct the problem.
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I'l. Press SEL kev on the EPROM programmer until the green tamp with a number
corresponding to EPROM part number is lit.

12, Put a neww EPROM i1 the green zero insertion force (ZIF) socket observing the
orientation of the notch on the EPROM chip. Lock the chip securely using the
lever on the ZIF socket.

t3. Press FUNC kev on the programmer until BLK lamp 1s fit

t4. Press ENT key and observe BLK lamp. I it flash, the EPROM s not blank and
cannot be programmed. In this case, replace the EPROM and ¢o back to step 13,

15, Press FUNC kev on the progranuner until DWL famp is lit and press ENT.

16. At the computer type send[Enter] to send the machine code from the computer to
the programmer.

[7. The DWL lamp should flash for a few seconds during the data transfer and then
remam on. 1f the lamp flash after the transfer, the communication line is bad or
the serial port is not properly set. This is caused by same computer that do not
allow a start up from floppy disk.

8. Press FUNC key untit WR lamp is lit and press ENT

19 If no lamp flash after a few seconds, the EPROM is ready. it a lamp flash, the
EPRONMI selection i step [ may not be correct.

20. Remove power from the control unit and replace the EPROM.

21, Power up the lathe and test the operation.

For testing of the operation and experimenting with parameters, use the supplied EEPROM
and skip step 13 and [4. Replace the EEPROM with EPROM when evervthing is working
right.

12. PROBLEMNS ENCOUNTERED AND SOLUTIONS

The nature of a good research project is to find something new and suitable for the task at
hand. For tlus reason, it is expected that unforeseen problems will present itself during the
research and must be overcome.  This section list the problems encountered and solutions
used to solve them in chronological order.

The singte purpose lathe under development is a complex network of computerized control
system interfaced with mechanical and pneumatic teed system, hydraulic gripping system.
step motor drive svstem and feedback svstems of switches. During the development, many
types of problem have occurred and solved. Some of the problems are trivial and should have
been foreseen while some only become trivial after careful analysis.  These problems are
documented for future work and next generation of researchers working on machine teof
retrofitting. Each of the problems along with causes and remedies are discussed in turn.

Raw Naterial Hopper Jamming:

Originally, the happer for the raw material 1s designed as a triangular bucket with two sloping
walls at forty-five degree. This configuration would work well with material of reasonable
surface finish. The raw material used is cast iron caste with sand mold and has very irregular
surface finish which cause the material to jam against each other when thev converge at the
bottom of the hopper and the feed operation become unrefiable. The hopper is redesigned as
a long rail that hold only one tayer of the raw material to solve this problem.
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Rotarv Feeder Impact:

After the hopper is redesigned, the new hopper contiguration causes all the raw material mass
to sit on the rotary teeder and when the rotary feeder operates. larze impact can be felt when
a new piece fall in to the rotaryv feeder slot. The rotarv feeder drum is machined to have
uradual slope when receiving new part to reduce the impact to acceptable level

Linear Feeder Impact:

During the lathe operation. the raw material is fed through the chuck center hole against the
stopper before machining process begins. The original design is to push the material with
pneumatic cylinder aganst the chuck, when the chuck opens, the air pressure will push the
matertal agamst the stopper. The speed of the material feed will be controlled by the flow
control valve attached to the air cvlinder  As it happens. the air cvlinder is near the end of
stroke durtng the feed cycle and farge volume of compressed air is stored behind the piston
betore the chuck epen. When the chuck opens, the compressed air become decompressed
and push the material against the stopper at high speed causing large impact. The flow
control valve 1s not in control of the cylinder speed at this moment. The sclution is to change
the solenoid valve from one solencid system to two solenoid system to enable the cvlinder to
unload and release all air pressure during the idle cycle and ther push torward only when the
chuck begins to open. This change require a new vatve. alteration of the svstem wiring, and
alteration of control software.

Linear Feeder Air Valve Prablem:

The supplv pressure to the system s regulated to control the air cvlinder force on the raw
material.  Some of the time. the air valve do not operate properly even though the reculated
pressure 1s well above the valve minimum operating pressure.  After extensive testing and
installation of a pressure cage behind the regulator. it was found that during the valve
opening, the flow 1s large and cause the regulated pressure supplving the valve to drop below
the valve operating pressure and proper opening of the valve cannot be achieved. The
regulator has been changed to a large one and regulated pressure increased to rectify the
problem.

Lathe Bore Adapter Length

[n the ongmal design. the lathe bore adapter will reach just belnd the chuck jaw to carry the
raww material to the machining area.  As it turn out, the chuck jaw is much thicker than
expected and some binding can occur during the feeding ot the last piece. This can be
dangerous because during such time. the chuck is rotating at 1020 rpm.  The lathe bore
adapter was extended to the tront of the chuck grip with slot machined on the end to enable
the adapter to carry the part while aliowing the chuck to grip the part at the same ume.

Programmable Peripheral Interface Initialization

The central processing wut ol the control system pertorm maost it it's input and output
operation through a 8255 programmable peripheral interface (PPI) integrated circuir. The
PP seems not to tunction properly after power up but work some of the time after CPU
reset. 1t was found that the PPI require some time after power up and after recening
programming command to work properly. This feature of the PPL chip is not documented
anywhere and the source of the problem is found after consultation with an experienced PPl
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user. A software delay routine is inserted in to the control program during power up and
atter PPL programming commands to solve the problem.

Stepper Motor Power Supply Overload During Power Up:

All three stepper motors are connected to the CPU wvia the PPI chip. During power up. a
small delay is needed for the PPI io operate properly. During this delav period of about 0.1
second. all of the PPI output 1s in low state which 1s the state that turn on stepper motor
phases.  During this time. the power demand for all the motors far exceed the power supply
capability and cause the power transistor of the power supply to be damaged. A relav is
added to the system to turn on the stepper motor power supply after the PPI has been
intialized to prevent this problem.

Assembler Problem:

Durng testing, the cross shde motor tends to wrn on and oft randomly.  Examination of
program code show no apparent explanation for the behavior. CPU beards has been changed
with no success. An assistant has been assigned to examime the machine code against the
assembly language coding as a last resort of debugging the system. [t has been found that
the carry flag of the CPU is referred to a symbol 'C" when operation 15 being done on the flag
and during arithmetic operation but when referred to during program branching operation,
the machine code produced by the assembler refers to bit number zero in the bit addressable
area which controi the cross shide motor. This conflict should have been reported as error by
the assembler but unintended code was produced instead. When the symbol 'C" has been
changed to 'CY' according to Intel convention for program branching operation, the problem
was solved. The assembler used is a legally purchased SXAST 8051/8032 cross-assembler
version 1.3 by Binarv Technology Inc. Meriden, NH. USA.

Control Unit Interterence:

The control unit was desizned as a single enclosure which contain the CPU as well as power
resistors and power refays to control the operation of the lathe. Some times the CPU lock up
when some of the high power equipment 18 switched on and off. This problem probably cause
by the current surge and the control umt is rewired with separate box containing the power
equipment control.

Finished Part Taper:

The turning operation is done by the top slide which has a taper adjustment. The fimished part
shows about 0.02 mm taper when measured with micrometer. It is next to impossible to
adjust the top slide normally to compensate tor such fine taper so a screw adjustment
mechanism s fitted to the slide for fine taper adjustment.

Inconsistency of part diameter:

During test runs, it was found that the part diameter vary from one another at random n 0.02
mm increments. Dial indicator is mstalled on the cross shde to verify the situation and found
that the cross slide control lack consistency.  Limit switch was tested and found to be
repeatable within 0.005 mm and has no connection with the problem. Force of about 50 Kef
was exert on the cross slide tool post and no significant deflection was tound. Step rate for
the control motor was reduced from 800 steps per second te <400 steps per second and the
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problem disappear. The lathe cross slide 1s programmed so that it siow down before hitting
the It switch.

Part out of round and bas unpredictable taper:

Part manutactured by the iathe 1s out of round and the taper is not predictable. Some part is
even smaller around the nuddte section. The hydraulic pressure to the chuck was increased
from 30 bar to 38 bar (the chuck pressure fimit is 40 bar) with small improvement. Closer
inspection reveal that the chuck grip was worn more in the extremities that the middle. The
soft jaw grip was replaced with a set of hard grip provided by SUE and the problem
disappear.  The hvdraulic pressure is set back to 30 bar and the problem did not return.

Flying stub problem:

On some occasions, the ejected stub bounced back from the stopper or the turning tool while
tt 1s being ejected and tly toward the rotating chuck. The stub is then thrown out of the chuck
with centrifugal torce at some respectable velocity. This 1s deemed to be an operational
hazard and a guard plate is instalied in front of the chuck to prevent the problem.

Last piece inconsistency:

[t was found that the fifth prece machined trom each piece of raw material has dimensional
variations.  The vartation take the tfrom of out of round. taper. and diameter error.  After
numerous trials and monitor of cross slide movement as well as recondiioning of turn slide.
the problem persist.  During one test, the lathe make strange noise and was switched off
immediately and it was found that the linear feeder cannot be retracted. The problem is
traced to the tip of linear teeder which interfere with the chuck gripping mechanism. This
occur after installation ot the guard plate n front of the chuck which necessitate the
refocation of'the cut oft tool. The linear feeder now have to move further to feed the part and
intertere with the gripper jaw. The tip of the linear teeder was machined to smaller diameter
and solve the problem.

The 'good' part went out of tolerance overmight:

Machined parts changed diameter when left unattended. The staff was asked to venfy the
collected data on the part diameter and come up with inconststent results.  The same part
measured the previous day with the same micrometer just got smaller by 0.01 mm. The
person who took the imitial measurement was called in to make the measurement again and
uet the same strange result. The coeflicient of expansion for cast iron 1s0 0000059/F and
assuming that the just machimed part is at 80 C and the ambient temperature in the morning (s
20 C. caleulation shows that the part can change s diameter up to 0.0136 mm from this
temperature variation.  SUE had advised that it is the policy of the plant to reduce the
amount of dust and suggest that coolant could be used to solve this problem.

Part diameter change during lathe warm up:

It was observed that the part diameter changes consistently during the first 4 pieces of raw
material. The change is about 0.015 mm. The expansion of turning tool may be responsibie
for this problem. The use of coolant also solved this problem.

The first piece is always larcer than the last piece:
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The first piece is alwavs larger than the last piece of the raw material by about 0.005 mm. It
ts speculated that the fast piece being machined is hotter than the first one. The use of cutter
coolant also solve this problem

Size measurement 1s not repeatable:

The same part measured at the same spot twice vield slightly ditferent result. The ditference
is about 0.003 mm and may be due to smoothing out of surtace roughness. The variation is
too small to cause any serious problem and 1s documented for reference.

13. PROJECT EVALUATION

The retrofitted lathe for the first stage of slider production works but it failed occasionaliy.
The mode of failure 1s almost always traced to electronic parts used in manufacturing of
control components. 1t i1s a known fact that Thailand is the dump site of barely work
electronic parts which has been rejected from various factories around the world. It vou wish
to see the above mentioned dump site, please tell the Bangkok taxi to drop vou off at a place
called Clong Thom.

The lathe can produce parts with good consistency and the test data is shown in the appendix.
The goal ol 30 second cycle time was not achieved due to lack of good stepper motor driver
and some aversicht during threshing phase and the possible cycle time for this lathe
configuration 1s 40 seconds. This s of no great consequence because by the time that this
project was approved, SUE has already plan their new production line and automated
machinery ordered. By the time that the project is tinished, the new production line is already
i use.  The old production tine can use this fathe as the first stage machining for the slider
and the fine will be in use soon when SUE increase their production rate again. The lathe wili
provide the promised prevention of workforce and floor space increase when the production
is geared up for 1.5 million units per year.

t4. CONCLUSION AND SUGGESTIONS

The microcomputer controlled lathe was built, installed at SUE Udomsuk plant and tested.
The development process was challenging and numerous problems have been solved to et
the lathe working Valuable experience has been gained by all parties involve and the know
how on production technology of Thailland has went up a notch. For suggestions. it a senvo
motor drive and PLC controller was used for the lathe, it could have achieve the 30 seconds
cycle time targeted with higher retability. But then, the cost would have tripted.

[ 1]
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Appendix A. Timer Reload Value Table (continue)
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Appendix A Timer Reload Value Table (continue)

Hz Reload Hz Reload Hz Reload Hz Reload Hz Reload Hz Reload

615
616
617
G018
619
020
621
022
623
024
625
6206
627
628
629
0630
631
32
033
034
035
06346
037
0a8
G639
040
041
642
(43
044
045
016
od47
048
649
650
651
652
0H53
hH4
6355
630
Gy7
658
G659
060
061
662
003
064

64031 6635
64034 666
6036 667
64039 668
54041 669
64044 670
64046 671
64048 672
64051 673
o053 074
63035 675
04038 670
640060 677
64062 678
64005 (79
640067 630
64060 681
64072 682
54074 683
64076 684
64070 (83
640381 6030
63083 6R7
64085 688
04083 689
64090 690
64092 691
H4004 (02
HA097 693
64099 004
64101 695
64103 696
641006 607
04108 608
64110 699
64112 700
64114 701
64117 702
Q4119 703
64121 704
64123 703
64125 700
04127 707
64129 708
64132 709
G4134 710
64130711
GA138 712
64140 713
64142 714

64144 715
04140 716
O4148 717
64150 718
64152 719
4154 720
04157 721
04159 722
611061 723
64163 724
Od165 725
64167 726
641069 727
64171 728
04173 720
6173 730
64177 731
64179 732
64181 733
G183 734
G183 755
64187 7306
04189 737
64100 738
64192 739
64194 740
64196 741
N1198 742
64200 743
61202 744
64204 743
O42006 740
64208 747
64210 748
64212 749
64213 750
64215 731
64217 732
04219 733
G4221 754
(4225 755
64225 7506
64226 757
042328 758
64230 759
64232 760
04234 761
042536 762
64237 703
64230 764

04241 765
04243 766
64245 767
64246 768
64248 769
64250 770
04252 771
64254 772
64255 773
04257 774
04259 775
04261 776
64262 777
04264 778
64206 779
04268 780
64209 781
64271 782
04273 783
04274 784
04276 785
G278 786
04280 787
64281 788
64283 789
64285 790
04286 791
4288 792
04290 793
64201 794
064203 795
64295 796
04296 797
04208 798
064300 799
04301 800
64303 801
64504 802
04306 803
04308 804
64309 805
64311 806
64313 807
04314 808
043106 809
64317 810
64319 811
64321 812
04322 813
04324 814

64325 815
64327 8106
64328 817
64330 818
64332 810
64333 820
64335 821
643536 822
04338 823
64339 824
64341 823
64342 826
04344 827
04345 8§28
64347 829
64348 850
64350 831
64331 832
64353 833
643354 834
64356 8§33
64357 836
064359 837
64360 8§38
04362 839
64363 8§40
654365 §41
043006 842
64368 543
04369 814
04371 845
64372 8406
64374 8§47
64375 848
64377 8§40
64378 830
64379 851
64381 852
64382 8535
04384 854
04385 855
04387 8540
04388 857
64389 858
64391 8§59
G4392 [60
64394 861
64395 802
64396 863
64368 864

64399 8065
64401 800
64402 867
64403 868
64405 869
64406 870
64407 871
64400 872
64410 873
64412 874
64413 873
64414 876
64416 877
64417 878
64418 §79
64420 880
64421 881
64422 882
64424 883
6--425 884
64426 883
64428 886
61429 887
64430 888
64432 889
64433 890
04434 891
04435 802
64437 803
64438 804
64439 805
64441 896
04442 807
64443 808
64444 899
61446 900
64447 001
64448 002
64430 903
64451 904
64432 905
64453 9006
644355 907
64456 908
64457 909
64458 910
64460 911
64161 912
64462 913
63463 914

64465
64466
64407
63468
04409
64471

64472
63473
64474
64476
64477
64478
64479
64480
04482
64483
64484
64483
04486
(4487
64489
64490
6449

64492
64493
04494
64496
H4497
01498
64499
64500
64301

64503

64504
64303
643006
64507
64508
04309
64511

64512
64313
634314
64515
64510
64517
GASR
64319
64521
64322
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:Program MTEST ASM last update 28 Jan 1997
"PROGRAM DESCRIPTION

;This program is written to control a single purpose lathe which

;15 a joint research effort between CMU, TDO, and SUE. The hardware
:used tor this program s Sila Research ANT-32 micro controller board
equipped with Intel 8032 microprocessor. The main control tunction
;s done in the toreground while stepper motor operation is carried out
with 2 levels of timer interrupt. The assembler used 1s SNAS] 8051/
.8052 cross-assembler version 1.3 by Binary Technology Inc. Meriden.
NH. USA.

In case of dithiculties. the programmer can be reached at;

Thawan Sucharitakul

Department of Mechanical Engineering
Faculty of Engineering

Chiang Mai University, Chiang Nai 50200
THAILAND

Phone and Fax: (053) 210-320

E-Nail enagiO0 1@ chiangmai.ac.th

;I-{ARDWARE CONFIGURATION

PI#1 at data memory F800h - F803h operate in mode 0
PT#2 at data memory FCOOh - FCO3h operate in mode 0

~

PORT VO ACTIVE DESCRIPTION

LIAGO O LOW  MNMOTORO(CUT) PHASE A

UlAtl O LOW  NOTORG(CUT)Y PHASE B
UTA2 O LOW  MOTORO(CUT) PHASE C
UTAS O LOW  MOTORO(CUT) PHASE D
Ula4 O LOW  MOTORT (TURN) PHASE A
UTAS O LOW  MMOTORI (TURN)Y PHASE B
Uiae O LOW  MOTORI (TURN) PHASE C
UiA7 O LOW  MOTORI (TURN) PHASE D
UIBO O HIGH STEPPER MOTOR POWLER
LBl O HIGH ROTARY FEEDER MOTOR
UIB2 O HIGIT LINEAR FEEDER BACK
UIB3 O HIGH LINEAR FEEDER FORWARD
uisd O HIGH CHUCK CONTROL
UIBY O HIGH HYDRAULIC PUNP POWER
UTB6 O HIGH LATHE POWER CONTROL
UlB7 O HIGH READY LAMP
uico I HIGH HOPPER EMPTY SWITCH
Uil I LOW  LINEAR FEEDER FULL IN SWITCH
e F LOW  LINEAR FEEDER STUB SWITCH
UIC3 T LOW  TURNING SLIDE HOME SWITCH
Uicd 1 LOW  CUF OFF SLIDE HOME SWITCH
UIcs 1 LOW  STOPPER HOME SWITCH

[

LI1CH LOW  SPARE
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LC7 L LOYW  SPARE

L2A0 O LOW  NOTOR2(STOPPER) PHASE A
AL O LOW  AMOTOR2 (STOPPER) PHASE B
U2A2 O LOW  MOTOR2(STOPPER) PHASE C
UZAs O LOW  MNOTOR2 (STOPPER) PHASE D
L2a+ O HIGH HOPPER EMPTY LAMP

U2AS O HIGH REMOTE ALARNMN

U2A6 O HIGH SPARE

LOW  TEST CODE BIT 3
LOW GO SWITCH
LOW  STOP SWITCH
LOW  ENMERGENCY STOP SWITCH
LOW  SPARE
WATCH DOG TIMER

LaCs
L2CH
U2Ccs
U2Cn
2C7
PlL.7

U2AT O HIGH SPARE
U2B0 1 LOW  DIAMETER TRIMBIT O
Lzgl §© LOW  DIAMETER TRIN BIT |
U2B2 1 LOW  DIAMETER TRIM BIT 2
U2B3 | LOW  DIAMETER TRIM BIT 3
L2B4 1 LOW  LENGTH TRINM BIT O
U2Bs I LOW  LENGTHTRIM BIT 1
L2Ba 1 LOW  LENGTHTRIN BIT 2
UB7 I LOW  LENGTH TRIM BIT 3
UxCe  f LOW  TESTCODEBITO
u2ct 1 LOW  TEST CODE BIT |
u2C> 1 LOW TESTCODEBIT 2

[

I

!

I

!

O

MERMORY MAP

Resister banks - |F
Bit-nddressable variables 20 - 2F
Byvic varbles - 4F
Stack area Si-7F

:ERROR CODES

0] CROSS LINHT
Cross slide did not feave limit swich in forvward motion.
Possible causes: Toose coupling, low or missing stepper supply.
loose limit switclh. [onit switch mallunction.
[zt switch wiring short circuit. step motor
wiring bad. step motor driver bad. resistor pack
opon cirenit, slider janued. chuck ol turmng,
(2 CROSS STROKE
Cross slide forward stroke o short.
Possible ciuses: loose coupling, [ow stepper supply,
slider fanmned. chuek not wrping.
(}3 CROSS NOT RET
Crozs slide cannot reach home position.
Passible causes: loose coupling. low stepper supply.
slider jammed. loose limit switeh, il
switcl malfunction. limit switch wiring
open Crrcuit step ride sef oo high
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04 TURN LINIT
Turn slide did not leave lumie switeh i forward motion,
Possible causes: loose coupling. low or missing stepper suppls .
loose limit switch. limit switch melfunction,
limit switch wiring short circuit. step motor
wiring bad. step motor driver bad, resistor pack
open circuit. slider jammed. chuck not furning.
03 TURN STROKE
Turn slide forward stroke too short,
Possible causes: loose coupling. low stepper supply,
shder jammed. chuck not turaing.
06 TURN NOT RET
Turn shide cannot reach home position.
Possible causes: loose coupling. Tow stepper supply.
slider jammed. loose limit switch, limit
switch melfunction. limit switch wiring
open circuil. step rale set teo high.
017 STOPPER LIMIT

Stopper did not teave limit switch in {forward motion.

Possible canses: loose coupling. fow or missing stepper supply.
loose limit switch. limit switch melfunction.
linut switch wining shorl circuit. step motor
wirtng bad. step motor driver bud. resistor pack
open circuit. shider jammed. chuck did not open.
stapper gear bax not in proper position.

08 STOP STROKE

Stopper lonward stroke Loo short.

Pessible causes: loose coupling. low stepper supply.
slider prmimed, chuck did nol open.

09 STOP NOT RET

Stopper cannot reach home position.

Passibic causes: loose coupting. low stepper supply.
loose Lt switch. Hmit switch mellunction.

It switch swaring apen circuil, step rale
st loo high. stopper geir bex not in proper
position.

10 CHUCK NOT CLR

Ritw material remain in the check during scli test.

Possible causes: Raw matertal rematn in the chuck durtng seif test.
low or wissing air suppls. had air solenoid valve,
low or missing 24 volt supphy. forward recd switch
not in praper place or foose, reed switch nmelfunction,
chuck did not open. lincar shider jommed.

i1 LINEAR NOT RE

Liear leeder cannot move back to full in position.

Passible causes: Low or nussing air supply, bad air solenoid valve.
low ar missing 24 volt supply. back rced switch
not in proper place or toosc. reed switch melunction.
chuck did not apen, incar slider jammed.

12 ROTARY PROB.

Rotany feeder problem. no part s fed when commanded.

Possible causes: Low or missing 12V supply. feeder jananed. short
circuit in hopper swilch or wiring, broken rotiary
teeder limit switch. bad rotary leeder wiring,

13 HOPPER EMPTY

There is no rasy maderial in the hopper.

Possible causes: There is no raw material in the hopper. bad hopper
suitch. open circuil in hopper switch wiring.



Conlidential Report: Technology Develepment Office
. Prewier Globul Corporation Lid.
material jammed in the upper part of the hopper.
it switch arm bent
14 EMIERGENCY ST
Emergency stop switch pressed. system shut down immediately.
Possible causes: Emtergency stop switch pressed. emergenc stop
switch melluuction. front pancel circuit board
melfunction.
15 STOPPED
Stop switch pressed. svstenr stop at end of machining evele.
resume by pressiny GO or press stop again for svstem
shut down.
Possiblc causes: Stop switch pressed. stop switch metfunction.
front panel circuit board melfunction.
1o COUNT ERROR
Stub sensor did not read stub after 3 cvlinders was machined.

DEFINE PORT ADDRESSE
apertl cqu OFSGGTs  Port A ol §255-1
bporti cquaportl+1  Port B of 8253-]
cportl cqu bportl+1  :Port C of §235-1
rport cqu cporti+i Coentrol register of 8235-1
aport2 equ OFCOOh  Port A of 82532
bport2 equ apon2+!  :Porl B ol 82
cport2 equ bport2+1 Port C of 8233-2
tport2 equeport2+1 Centrol register ol 8235-2
wroinst equ OFA00L Write instruction pert of LCD
rd busv cqu UFAUEL :Read busy instruction port of LCD
wr_datt equ UFAO2I Wiile data pont of LCD
rd diata equ OFAO3N Read datn port of LCD

332

DEFINE VARIABLES IN BIT ADDRESSABLE AREA (128 bit max}
mtldone hit 00N Motor 0 donc
mireyv bit mOdane+1 :Motor 0 reverse
motsel b mOrev+1 Mater O imer select
midone bit miisel+ 1 Notor | done
mirgs  bit mtdone+1  Molor | reverse
mHisel bitmlrev+1 Motor T iimer select
m2done bit mlisel+1  :Motor 2 done
m2rey bt m2done+1 hotor 2 reverse
m2isel bit m2rev=1 :MNotor 2 timer select
stopped bit im2isel+1  Stop request fag
cstop  bit stopped+1 Emergency stap request [lag
stub - bitestop+1  Stub detection [isg
mospecd bit stub=1 :Cross shide speed up
lieldmo bit mGspeed+1  (Crass slide hold
mest  bil hobdmO+ 1 enable massage sel |
midbo  bit mes [+t ‘Mator U it switeh debounee

:DEFINE VARIABLES IN MEMORY (36 byvic max. change SPif nced more)
musth  equ 30k Motor ¢ step connt high byte
milstl equ mbsth+1  Motor O step count fow byvte
maph  eqgu misti+t Phase count mator 0
milsth  equ mOph+] Motor 1 step count high bate
mlstl equ misth+1  :Motor 1 sicp count low byte
mlph  equmlstl+=1 Phase connt motor |
m2sth cqu miph+t Motor 2 step count high bavie
m2stt cqu m2sth+l Motar 2 step count low byle
m2ph equm2stl=1 Phase couni motor 2
reloGh equ m2ph+i “Timerl reload high byte
relott equ reloOht - Timert) reload jow byte



Confrdential Report Technology Development Offize
. Prenuer Global Corporation Lid
refoll equrcleni+1  :Timert reload high byie
relol) equorelolh+t Timert reload tow byt
crror equrelell+=1 Error code
phomeh equ error+1 post home pos. high byte MO anls
phomcl cqu phomeh+1  post honwe pos. fow byvie
pcount equ phomel-1 :Piece connt during inachining
mbhold cqun peount—1  Motor 0 hold period

reload salue = OFFFFR - envstal frequency /(12 %step rate) - 3

mOfstroke cqu o 1700 (13mm/ dmm/rev * d00slepsirev =1 3HWsteps
mittrstroke equ INOG Tomum / -hardres * 400steps/rey = Lolisteps
mbbegincut equ 14ME chegin cut ot 11 mm from cewster

méistroke cqu OO D3 35 mmhmn'res *J00steps/rey = 333 steps
mbcutrelo equ o009 ccut speed refoud value 170 He

mbmovrelo equ 63039 jmove speed reload value 370 Hz,
mdlimirelo equ o 37830 (Hit tiosit switeh speed 120 He

mifstroke equ 2100 <30/ Swmdrey ¥ 200stepsirey = 2000steps
mltstrokel cqu 180t Ready for clean up for fcing

nilfstroke? cqu 300 (Clean up for lacing

imeirstroke equo 21A0 33muan/ Smandrev ® 20n0steps/rev = 2200s1eps
mleutrelo equ 60109 cut speed reload value 170 He

milcutreto cqu 38703 cut speed reload value 133 He

mlmoveelo cqu 01844 move speed reload value 230 Hy
mfatrokel equ 4 J1Omm S dmpdrey © 200stepsirey = 00 SIeps
m2rstrokel e 380 C12mm S dnamdren F 200slepstey = 600 steps
m2sroke? cqu 1830 3T7oun / 4mnvrey  200atepsirey = [830steps
m2rstrake2 cqu o 19300 Sthne S dandrev * 200s1epsiroy = [VA0steps
2 fstroked cqu 20000 d0mm S dmoyres * 200steps/rey = 2000s10ps
neestrokes egu 2100 nun / hmdrey + 200sepsirey = 21008 ps
m2moesreto cqu 602117 smove speed reload value 270 He

org i :PC lacation after resct

jmp o AMAIN 190 10 nun program

ory. UGB PC locaton for timert interrapt

jmp STEPD oo Lo tmertt inlerrupt service routnge
org IBh PC lecation Tor (imer? interrupl

Appendix B Firmnwvare Program Listing {Continue).

jmp  STEPI 120 Lo timer ] interrupt Service roriing
org il start Jocation of niin program

MATN: AN ain progran start here
mov - SPFEFD sset stuck pointer for 64 byvie stack arca
call  INIS233 Gl 82535 parl ready
call  INIVARS Jnitate variables
cull  INICLOCK Jdnitiate ter snserrpt

all  INIT _LCD Sctup LOD display
call  CHUCK _OPEN  :Open chuck head
call  STEP_POWER ON Turnon 12V supply

call  WAITONE Wail one second
call  READY_LANP ON Turn on ready lamp
MAINLOOP:

call READ TEST ‘Read test switeh
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s MAINLOOPI Loop il no test
call - RUNI
jmp  AMAINLOOP
NMAINLOOP:
call  TESTO :Go 1o 1est routine
jmp o MAINLOOP ;Loop agin

INISYS; Jdnitialize systen and (st components
sctb mesl
mov  a.#|
cill DISPLAY
call  ALARM_LAMP_OFF “Turm ol alarm lamp
call HYD_POWER_ON  :Powcer up hydraulic pump
call  CHUCK OPEN  :Open chuck grip
call WAITONE VA two scconds Tor hivdraudic pressure
coll  WAITONE
call  LINEAR F BACK Move bincar feeder [ull back
call  LINEAR_OFF  :Unfood linear teeder
call  CHECK LINEAR B :Check lincur feeder back switch

call  MOHOME ‘Houne cress shide

call WAITMO AVait until done

call  CHECK_CROSS H :Sec il cross slide home properly
call MIHOME ‘Honie torn slide

call  WAITNI Wait until done

call  CHECK_TURN_H :Scef turn slide home properly
cull  M2HOMEPOS3  Home stopper

call  WAITMZ AWVt until done

coll WAIT switeh bounee”!

call CHECK_STOP_H  :Sec il stopper home properiy
call  WAIT AVait 0.1 sec

call  M2PQOS3 ‘Push stopper all the way in

call  WATTN2 AWait until done

cull CHECK _STOP_F :Check stopper lorward operation
call WAIT AVAIL 1710 see

call  N2HOMEPOS3  Home stopper

call  WAITMZ AWVair antil done

cait  CHECK STOP R Check stopper operation

call  MoCUT Move cross slide

call  WATMO AVail for cross shde done

call  CHECK_CROSS F Cheek cross shde forward motion
call  WAIT AVt L7110 sec belore melor reversil
call  NMOHONE Move cross shide home

call  WAITKMD AVt for eross side 1o home

call CHECK_CROSS R Check cross stide aperation
cadl  MITURN hove o shide

call  AWAITAI SWart Tor turn slide 1o Ginish

call  CHECK_TURN_F  Check turn slide fTonvard motion
call  WAIT AVail 1710 see before motor reversal
cull  MIHOME ‘Home turn slude

all WAITN AVan for tarn slide to home

call  CHE(C'K TURN R :Check i shide reverse molion
call  M2POSH SMaove stopper

call  MO_OFF_LIMIT  :Move cross shide ofT limit sw.

call  WAITMu AWant utt done

call  WAIT Va1 10 see

call  MOTURN Aove turning ool to turn position
call WATTM AVt for cross slide

call CHECK CROSS H :Sceil cross slide home properly
call  WAITM2 Wanit Tor stopper
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call CHECK_STOP_F  :Cheek stopper torward operation
ciall LINEAR_F FWD  Move linaar feeder in
call  LINEAR_OFF  Unlead hnear feeder

mov  a.crror :Chocek error

Jis INISYS_ERR - Chuck not clear. stop svstem
call  WAITONE SWait Ler Hoear feeder 10 unload
call  LINEAR_F BACK  :Move tHinear feeder back
Moy Lrror :Check for problem

inz INISYS_ERR :No air pressure. stop svstem

scth s

mov  a.#l5

cull DISPLAY

rel

INISYS ERR: “The jnz command cannet make long jump
Jjmp  ALL STGP Stop all system and ash alarm

PART FEED:  :Feed new part and licing

scth mest

moy a2

cafl  DISPLAY

call  READ HOPPER  :Check hopper swilch

iz PART_FEED_A  :Skip il nol omply

maov - error#13

gmp o HOPPER_EMPTY  :Go to hopper cimpty candtiiton
PART FEED A

call  CHUCK_OPEN  <Make sure chuck is open
call  M2ZHOMEPOST  Home stopper

call  WAITM2 AVait for stopper

call  CHECK_STQOP_H  (Sce il stopper home properly
call  WAIT AWait 1710 sec before motor reversal
call  M2POS2 :Bogin move stopper in

call  AMITURNI Move turning tool 1o ready position
call  LINEAR F BACK :Move Hoear [ceder back

Moy a.crror :Check lor problem

Iz INISYS_ERR  INoair pressure, stop sy stein
catt ROTARY_GO JActivate rolany Ieeder

call  WAITONE SWall ane second

call WAITM2 Wil for stopper to fintsh moving
el CHECK_STOP_F :Stopper left imit switch?
call  WAITMI SWail for turning teol 1o [inish

call  CHECK_TURN_F  :Turn slide 121 limit switch?

call  LINEAR_F FWD  Lincar feeder in

mov  a.error

ina  PART FEED B :PROBLEM!'! part nal in. rotary [ceder problem
mov  error#l2

Jmp  ALL STOP

PART _FEED R:
call  CHUCK_CLOSE  Close chuck
call  WAITONE AVait for chuck to ¢lose

cill  LINEAR_OFF  :Unload tincar teeder
call  M2HOMEPOS2Z  Homa stopper

cill  MUTURNZ “Tur (e get ready Tor Tacig

call  WAITMI Wit for turming dowe

call  MOCUT Cut off 1he Lice

cali  WAIT AWt /10 sec before motor reversak
cafl MITHOME ‘Home turn slide

call  WAITTMO Wait for cross shide

call CHECK CROSS_F Cross shide teft limit swieh?
el WAILT Detoy 110 see



calf
call
call
call
call
call
call
call
call
call
call
weth

mey

call
H
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MOTURN “Position cross shde for rning
WAITAL ‘Wart Tor turn shide 1o finish
CHECK_TURN_R  :Check turn slide reversal imotion
WAITM2 ‘Wit for stopper 1o finish
CHECK _STOP R :Cheek stopper reversal motion
WAIT “Wait before stoppar reversal
NZPOSI :Move stopper i 1o place
WAITAIO Waat Tor cross slide
CHECK _CROSS H :Check cross slide home?
WAITAZ Wail for stepper
CHECK_STOP_F  Stopper left limit switch?
mes|

dH#IS
BISPLAY

MAKE_SLIDE:  :Make stider part

scth
o
call

call

call

call

call

call

call

call

citll

call

call

call

call

call

call

call

cull

cull

call

call

call

selb
nes
call
ret

mesl

. #3
DISPLAY
FEED AND_CHECK :Feed material and check for stub
M2HOMEPOSH :Home stopper
MITURN “Turn the pant
WAITA AVait for turning 1o finigh
CHECK_TURN_ P :Turning slide ofT Innit sw”
CHECK_STQP H  Swopper home OK?

MOCUT “Begin cutting ofT
WAIT VA 1710 see belore niotor reversal
MIHOME ‘Home wirning shde
WAITKO SWail Tor cnsting dong
CHECK_CROSS_F Cross shide telt limit sw?
WAIT AVt 1716 see belore molor reversal
MOTURN ‘Return cross shide
WATTN I AVan Tor turn slide 1o home
CHECK _TURN R Turn shde movement OK?
M2POSH Nove stopperin
WAITNO AWanl tor cross shide
CHECK_CROSS H Cross shide movement OR?
WATITM2 Wt Tor stopper
CHECK STOP F  -Stopper feft sw OR?
mes i

HEE R
DISPLAY

EICCT _STUB:  :Eject remaining stub

seth

mov

cail
call
call
call
call
call
call
call
calt
call
cirtl
call

nies|
a.Ed
DISPLAY
Mo_OFF_LIMIT - Move cross slide ofl Timit switch
MIHONMEPOSY  Back oll stopper

WAITND SWait for the operation
WAITAZ Wit Tor stopper 1o home
WAIT sswilch bounee”!

WAIT

CHECK_STQP_#  :Stopper home OK
LINEAR_FOR  :Push linear leeder 1o cjcct part
CHUCK OPEN  :Openchuck

WAITONE AV bwo seconds

MOTURN Position Inening ool

Techinology Development Otfice
Prenner Global Corporation Lid
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call  WAITMO AWall for cross slide
call  CHECK _CROSS H :Cross shidz bagk?
call  LINEAR_OFF  Unload linear leeder
seth niesl

mov GLELS

call  DISPLAY

ret

FEED_AND CHECK: ‘Feed part and check for stub (2 sec)
cr EA Stop all interrupis
clr - swb :Clear stub bt
call  LINEAR FOR
call CHUCK _OPEN  .Open chuck

mov 12 #2133 :Load loop caunter for (083 sec.
FEED _AND CHECKX:
nmes  rh#23S :Load teop counter

FEED_AND_CHECKN2:

call READ_STUB Read stub switch (9 ms)

sz FEED_AND CHECK! :Stub detecied”? (2 ms)
seiby  stub SSof e i so {Fns)
FEED AND CHECK!.

ding rLFEED _AND CHECK?? loop back (2 ms)
dinz r2.FEED AND CHECKS :Loep back

call  CHUCK _CLOSE  :Clase the chuck

il WAITONE Wil Tor fully closed
call  LINEAR OFF

seth EA Restart interrupts

ey

LINEAR_F BACUK: -Pull lincar feed back and check for problem

Moy crror#0 wctear error code

call  LINEAR BACK  :Move lincar leeder back

mov 13 EISS retoad loop counter for 1.7 sec
LINEAR F BACKS:

mov  11E2NN :reload loop counter
LINEAR F BACUKI:

oy A3 reload loop counter (USE 2)

LINEAR F BACKI:
call READ_LINEAR_IN <Check back switch (9 ms)
o LINEAR F BACK® Get out tf switch reached (2 ms)
dins rELINEAR F BACK!Y (2 ms) Total loop time = 13 ms
ding r2.LINEAR_F_BACK?2
dinse I LINEAR ¥ BACK?
mov - errorF | wsel error code il time expiee
mov plerror set error displus
LINEAR_F BACKM:
call LINEAR_OFF  Unioad tinear feeder

ret

LINEAR F FWD. Lincar tonward feed and clieek lor probiem

mov - crror.# 0 preset error code

call LINEAR FOR  dove tinear [ceder forward

mov 3 2SS .retoad loep counter lor 1.7 see
LINEAR F FWDA

moy 12255 sreload loop comer
LINEAR F FWD2:

mov  rlLE2 reload loop counter (USE 2)

LINEAR F_FWDI:
call READ STUB (Check buack switch (9 wis)
ins LINEAR F_FWDO  clear error il switch reached {2 ms)

Tochmolagy Development Office
Pronuer Global Corporation Lid.
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moy - orror.=i
LINEAR F FWDHY
dins ri.LINEAR_F_FWDIL (2 ms) Total loop time = 3 ms
dinz r2LINEAR F FWDR
dins 13.LINEAR_F_FWD3
ret
RUNI: “System run
call  INISYS Self est
RUNIC:
cull  CHUCK_MOTOR _ON
call WAITONE
call  PART FEED
Moy poount.En
RUNTA:
dec peount
mov  a.poount
sz RUNIB
seth mes|
mov o errorF 14
jmp ALL _STOP
RUNIB:
call  MAKE _SLIDE
inb o stwh RUNTEA
call  EJECT_STUB
call  HOPPER_LAMP_OFF
call  LINEAR F BACK
jmp - RUNIC
rel
TESTO: “Test routine for system parts
call  WAITGO AWait Tor go swileh pressed
call READ_TEST read test routine number
rla NMultiply aby 2
maeyv DPTRAIUNMPTAB Point to jump table
jup @ atDPTR Jimp Lo selected (est routine
JUNMPTAB: Jump table for test rontines
amp  TESTOG Dununy roulie
aimp - TESTI Single piece test
ajmp  TEST2 Turn shide 1est
apmp TESTS Cross sttde test
ajmp TESTH Stopper test
ajmp  TESTS Lincar feeder test
ajmp TESTO Retary feeder test
aup TESTY :Chinek test
aimp TESTS :Lathe molor 10t
app  TESTY Tool st
TESTOU: ‘Dummy subrouting
el
TEST!: SSvslem cacle lest
call  INISYS Self est
eall WaAITGO
TESTIC:

ciil CHUCK _MOTOR ON
call  HOPPER_LAMP_ON
call  WAITONE

call  PART FEED



mox

peount.#6

TESTIA:

dec
mov
e
setb
mov
jnp

pcount
a.pcount

TESTIB

nwes
crror.#14
ALL_STOP

TESTIB:

cull
inb
call
call
cill
call
call
jmp
et

TEST2:
call
call
cail
call
call
call
cail
call
call
call
cull
call
call
oy
jns.
rel

MARKE _SLIDE

sStub. TESTIA

EJECT STUB
HOPPER_LAMP_OFT
LINEAR_F BACK
CHUCK_MOTOR_QFF
WAITGO

TESTIC

“Turiing stide test
ALARM_ LANP_OFF
HOPPER _LAMP_ON
MIHOME
WAITMI
WAIT
MITURN
WATTMI
WAIT
MIHOME
WATTMI
WAIT
HOPPER _LAMP_OFF
CHECK _TURN_R

(.QFTQr

TEST2 A

TEST2 A:

cali

rel

TESTS:
cill
call
call
call
call
¢all
call
call
call
call
cull
call
Hnom
ne
rel

ALARM _LANMP_ON

(Cross shide test
ALARM _LANP OFF
HOPPER LANP_ON
MOHONE
WALTAO
WAIT
MOCUT
WALTMO
WAIT
MOTURN
WATTMD
HOPPER_LAMP OFF
CHECK _CROSS_H

etror
TESTY A

TEST3_A:

call

et

ALARM_LAMP_ON

Coafidential Report: Technologs Davelopmient Oftice
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TESTH :Stopper test

call  ALARM LANMP OFF

call  HOPPER LAMP_ON

call  MIHOMEPOSS

call  WAITM2

catl WAIT

cail M2POSI

call  SWAITM2

call  WAIT

call  M2HOMEPOS]

cull  WAITM2

call  WAIT

call  HOPPER_LAMP_OFF

call CHECK STOP_R

Moy .Crrer

iz TEST4 A

ret
TEST4 A:
call  ALARMN _LANP ON
re
TESTS: Linear feeder test

call  ALARM_LANMP_OFF
call  HOPPER_LAMP_ON
call  LINEAR_F_FWD

cill LINEAR_OFF

10N H.error

iz TEST3A
call  ALARN_LAMP_ON
TESTSA:

call  WAITONE

call  ALARM_LANMP _OFF
call  LINEAR F_BACK
call  LINEAR OFF

Mgy A.CEror

12+ TESTAB

call  ALARM LANMP ON

TESTSB.
call HOPPER _LANP_OFF
ref
TESTO ‘Rotan feeder test

call  HOPPER _LAMP_ON
cilll ROTARY GO

call  WAITONE

cill  HOPPER LAMP OFF

rel

TESTY: Chick st
catt HOPPER_LANP_ON
call  CHUCK CLOSE
call  WATTONE
coll WAITONE
call  CHUCK _OPEN
catt WAITONE
call WAITONE
call  HOPPER _LAMP _OFF
rel



TESTS: “Latlie wotor test
call  HOPPER_LAMP ON
call CHUCK_MUOTOR_ON
aill  WAITONE
call  WAITONE
call  CHUCK_MOTOR_OFF
call  HOPPER _LAMP OFF
ret

TESTY: .Tool sct position
call  CHUCK _OPEN
call  MOHOME
call  WAITA G
call  MIHOME
call  WAITMI
¢l MZHOMEPOSS
calt WAITM2
call  MOCUT
call WAITNO
call  NMOTURN
call  WAITAD
call NHESET
call WAITHNI
calt  HOPPER_LAMP_ON
call  WAITGO
call HOPPER_LAMP_OFF
call CHUCK _CLOSE
citll  WAITONE
call  HOPPER_LAMP_ON
cull WAITGO
cait  HOPPER_LANIP OFF
aall AM2POSI
call  WAITN2
call  HOPPER_LANDP_ON
call  WAITGO
call  HOPPER_LAMP_OFF
call CHUCK_OPEN
call  M2ZHOGMEPOSI
call  WAITM2
el

MOHONME:
mov mOstly #Fhigh mbrstroke
mov st #law mibesiroke
0%
woy relod #Flow mtlnovrelo
o
mov  phoamch.#0
setb mitrey et reverse bit
clr mOtsel sefeet timigr O
cle windone Go
ret

MO OFF_LINIT:

nov
nos
mas
oy
clr
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‘Hemie cross shide (o reference position (Tu 4 seed
:Load step counter hiagh bivie
Load step counter low bavie

relo0h #high mOmovrele Load timer reload high bste

Load Limer reload low e

phoiel #20 :sel post home variable tor no reverse

Nove cross shide of M il switch (TO 0,84 sec)

miisth # :Lowd step counter high byte
most, %3 Load step counter tow byvte
relotth #high mOmaovrelo (Lond timer reload high bvie

relobL #low mumovrelo
milsey clear reverse bit

Load tmer reload low byvie
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cle o mitse! select tmer b
cle mbdone :Go
et

MOCLT: :Cut off operation {TO 8 82 sec)
mov wbsth.Ehipl mbistroke  Load step counter high i
moy mbsthFlow mOfstroke  looad step counter low vie
meyv  relobh.#high mbmovrelo Load timer reload high bvte
mov  retott #Flow mttmovrelo Lead timer reload low byvte
clr mbrev sclear reverse bit
cft mUtsel sseleet tier O
clr - midone :Go
1l

MOTURN: Alove eross slide to turn position (TO .84 sce
mov  mOsth.#hivh milrstroke  Load step counter high byvie
masy mbstiFlow mOrstroke  Load step counter tow byvie
mov  phomeh.#high mthsirake
mov  phomel Flow misiroke
call  READ DTRINM  :Read trim swatch. resuft ina
add  a.phowmed .add trim o step counler low byie
mov  phomeba ssave the value
clr clear a regisicr
adde  a.phomeh aadd any carny 1o high buvie
mov phomeh.a save the vahug
wov relooh Fhigh mbmoveelo Load tmer reload high baie
mov  reloOl Elow mdmoveclo load tmer relosd fow byte
seth mlrey -set reserse bit
clr - motsel sselect timer 0
clr  mbdone Go
ret

MITHOME: Home turn slide (TH 11 0 se0)
mey  mibstho#high mlrstroke  Load step counter high bvte
mov mlstl#ow mlrstroke  :Load step counter low byvte
mov  relolh#hish mlmoveelo ;Losd trmer relead high e
mov  relotbElow mbmovrely  load timer reload low byvte
scth - mirey ssel reverse bit
scth mittsel ssefeet timer ]
cr - mildone :Go
rct

MISET: T operation
mov mlsth.#2 Loud step counnler higlh byie
moy  mlsihan :Load slep connter fow nie
mov relolh.#high micutrelo Load tuner refoad high by (e
mov  reloll#low micutrele Load nmer reload Tow byie
ctr - mlrev -clear reverse bit
seth mlsel select timer |
clrmldone o
et

MITURN: ‘Turn operation (T1 118 see)
mov mlsth #high mifstroke  :Load step comnter igh byvie
mov oulsth#Flow milstroke  Load step counter fow byvie
mov  refodh#high milcutrelo cLoad timer reload bigh byie
moyv  relollFiow micutrele  Load tmer reload low byvte
chr mirey ‘clear reverse bit
sctb - miliscl select timer |
clr midone Go

Technology Davelopment Glfics
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Move turning teot to ready pos for facing (TO T0.6)

moey mlsth.Ehigh mlfsirokel Load siep counter ngh byvie
movmlsth=low millstrokel  Load step counter low by e
mov  relolh Ehigh mimaovrcio <Lead timer reload high bvie
mov  relollFlow mbwevrelo :Load tinter reload low byte
cle mlres welear reverse bit
clr - mltsel select tmer 0
clr midone :Go
rel

AMETURND: “Turning 1ool 10 clean up tor Taging (TG 1.2 se0)
oy misth#Ehigh mlfstroke? Load step counter high bvte
mov - milsth#low mifstroke?  Load step connter low vie
wov  relolh Ehigh milcutrelo Laad timer reload high byvte
mov  reloll®low milcutrele Load timer relead low byvte
clr e welear reverse bit
clr mlsel sselect timer 4
clr mldone :Go
el

M2ZHOMEPOSY: (Home stopper from normal position (To 2 4 seo)
mey - m2sth#Ehigh m2rstroke! :load step conuter high byvie
maov m2sth#low m2rstrokel  Load step counter taw byvie
mov  reloh#Eugh m2movrele Load timer refoad high byvie
wov  reloll Zlow m2movrelo Louad mer reload low byvte
sath 2y .set reverse bit
clr - m2tsel select tmer 41
el m2done Go
ol

NM2HOMEPOS2:  Hone stopper fram facing position (T1 7.8 sec)
moy e 2stheEhigh m2rstroke cLoad step counter high byte
ney m2sthElow mlestroke?  Load step counter fow bavte
mov reloTh.#high m2movrelo (Load tmer retoad high bve
mov  reloll#=low m2movrelo Load timer refoad low byic
sath o ni2ren setreverse bit
scth o m2qscl select timer |
clr - m2done lo
ret

MIHOMEPOS?:  Home stopper (o clear chuck position (T1 8.4)
mosv  m2stheEFhgh m2estroke? cLoad step counter high bate
mov m2st #lew wm2estrokes  Laad step counter low byte
moy  relothoshich m2movrelo Load tmer reload high byvie
mov  retotlFow m2movrelo  Load timer relead low e
seiby ey sset reverse bit
seth e 2isel select timer |
cir - m2done :Go
ret

M2POST: Move stopper to nontal position (T1 2.0 se¢)
mov m2stho#high m2stroke ! Load step counter high byte
moym2stFElow mlistroked cLoad step comner fow byvte
call  READ_LTRIM  :Read trim switch. result in a
add  aamlsil sl trin ta slep counter law nvle

Technologs Development Offize
Prenuer Global Corporation Lid.
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mov m2stla wsave the value

clra clear a register

adde  a.m2sth add any carny 1o igh byvte
mov m2sthoa save the vilue

mov  relolh Fhigh m2movrelo Load timer reload high bvie
mov  reloll=low m2movrelo  :Load timer reload low byvte

clr  m2rey welear reverse bit
seth m2tsel sselect ther |
cir  mdone :Go
el
M2POS2: Move stopper 1o facing position {T1 7.4 ser)

mov m2sth Fhigh m2fstroke? Load step counter high byte
mov  m2stl.#low m2fsiroke?  Load step counter low byie
mey  relobh#Fhigh m2movrelo Load tiner reload high byvie
mov  reloll#Alow mi2movrelo  Lead timer reload low byvie

cir  mm2rgs wclear reverse bit
seth m2isel select tner
clr m2done Go
et
M2POSSE: Move stopper to clear chiuck of part (T1 8.0 sce)

-

mov  m2sth #high m2isiroked Load step counter high Inte
moesy  m2atd Flow m2lstrokel  Load step counter low byvte
mov  relelh #high m2movrelo cLeoad ter relead high byie
mov relolL#low m2movrela Load timer reload low byie

clr - mirev wlear reverse bit
seth m2sel sseleet timer |
clr - m2dong :Go
vl
STEP: CThinerh interrupt service rauting
clr - TRO Stop timer

mov TLO relott (LSE timer retond
moes  TH reloth NMSEB timer reload

seth - TRO Run thuer

push  PSW ‘Save progrin siatus word
push  DPL Save lower byvie ol data pointer
push  DPH Save high byie of dala pomiter
push b Save boregister

push ace Suve accumulator

call  READ_STOP Read stop switch

s STEPOY

seib  stapped AT pressed. set g
STEPOT:

cill READ E_STOP  :Read stap swiich

e STEPOR

scth eslop A pressed. set fag
Jjmp  ENMERGENCY _STOP
STEPOR:

b mbisel STEPO2  This timer selected!
b mOdone STEPO2Z  :Motor 1t done”

i mirev STEPUL Reverse dorection”?
calt  MOFORWARD Step forward
Jmp  STEPO2 :Done with motor 0
STEPOL:

call MOREVERSE Step back
STEPOL:
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jb o mNsel STEPOSY  This timer selected”
b midone. STEPOZ Motor | dong!
ib mlrev. STEPD L :Renerse direction”?

call MIFORWARD 2Stap forvard

jmp STEPOZR :Done with motor |
STEPH4:

call  AMIREVERSE Step back
STEPU3:

b m2iscl.STEPOS
b m2done STEPOS
b m2rev . STEPUG

JThis timer selected?
Mator 2 dong?
‘Reverse direction’?

call  M2FORWARD :Step forward
jmp  STEPOS Dane with motor 2
STEPOO:
call M2REVERSE :Step back
STEPUS:
STEPODONE:
pop acc :Restore accumulator
pop b :Restore b register
pep  DPH ‘Restore dita pointer hi byt
pop  DPL ‘Reslore data pointer lo byvte
pop  PSW ‘Restore program status word
reti
STEP! Tymer 1 anterrupl service routing
clr TR Stop timer
mov  TLhl.reloll  :LSB timer refoad
mov - THlrelolh :MSB tmer reload
sclb TRI ‘Run timer
push PSW :Save program sialus word
push  DPL Save fower bvte of data pointer
push  DPH Save high byvie of data pointer
push b :Save boregister
push acc Save accumulator
call  READ STOP ‘Read stop swilch
s STEPI7
seth stopped A pressed. sel flag
STEPIT:
call READ E STOP  :Read step switch
inz STEPIN
scth - estap Al pressed. set Nag
qmp  EMERGENCY_STOP
STEPIS
Jub misel STEPI2 This tuner selected?

Jb o mbdone STEPI2
st mOrev. STEPTL

Motor 0 done?
Reverse direction?

call  MOFORWARD Step forward
jmp  STEP12 :Donc with molor 0
STEPILL:

call MOREVERSE ‘Step back
STEPI12:

b wlsel STEPLY  This timer selected?

b midone STEPIS

b intrev . STEPIY

MIFORWARD
STEPIZ

Molar Tdone?!
‘Reverse direction’?
Step forward
Done with motor |

call
jmp

Technelogy Development Office
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STEP14:
call MIREVERSE Step back
STEPLS:
jnb o msclSTEPRITS Thes timer solected?
jb m2donc. STERTS Motor 2 done?
jb m2rev STEPLe  Reverse direction?
cait  M2FORWARD 2Step lonward

Jmp  STEPI=S Done with motgy 2
STEPLG:
call  M2REVERSE Step buck
STEPI3.
STEPIDONE:
pop acc ‘Restore accumulator
pop b restore b rewister
pop  DIPH :Restare data pionter hi byte
pop DPL ‘Restore data pointer to byvic
pop  PPSW ‘Rastore program stulus werd
ret

MOFORWARD: Cross shde muonve forward

mov  aandlst doad Isb of step connter
jus MOFORWARDG
movemOsth Jdoad msb of step connler

juzs MOFORWARDO

scib - mbdone

clr mbspeed

mov - DPTR #aportt point to motor port address

movy . DPTR read port vitlue
orl o #0FhL sk fower nibble
movx o DPTR. wend il o molor
rel

MOFORWARDI-

call  READ CUT HOME  :check Tnnit switch
i MOFORWARDY o not decrement step count il pressed
mos st «chieek for speed change point
cue aFlow mObeamaul MOFORMWARDS

moy amiksth

gine ashigh mobepincut MOFORWARDS

moyv refoth Shieh mitcutrelo

mov relotil#ow wmcntreto

setb ntspeed
MOFORWARDA:

b mOspeed MOFORWARDA

cr ¢ dncrease speed of cross shde

wov  arclodl Jdoad Ish of step counter

add  a#l dncrement Ish

mov  relotla cretrn the sakbue

mov arclobh doad misb

adde a#) sudd carny Rag il am

mov - relothon return value
MOFOIMWARDY

cir ¢ clear curry ag

mov aumbsth Jdoad Ish of step counter

subb o #l :decrement lsh

mov  mistla dretarn the value

mo Aa.m0sth doad msh
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subb - a subtract carey {lag 1l am

mey mosth.a Telurn value
MUFORWARDY:

e mbph anerement plase counter

mov a.miph

gine ESAMOFORWARD!I

mov g #0 creset phase counter
mov  milphua

MUOFORWARDI:
mov  DPTRASTEPTABIIF :point 1o phase tuble
move  a.n a+DPTR read it
mov b siave phase paliernin b
mov - DPTR.#apont!  :point lo motor port address
movy o, a DPTR sread port value
anl aFOFOL amask lower nibble
orl  ub smaove bit patieris o lower nibble
movy @ DPTRQ send i lo motar
rct

MOREVERSE:  Cross slide move hackward
15 holdmONMUIREVERSEL clieck hold mode
jb o modbo NOREVERSE2
el READ_CUT_HOME  check limit switch
J4 MOREVERSEX  :go o post it if pressed

mov  a.mbstl Joad 1sb ol step counter
mz o MOREVERSED
mov  a.mbsth Jload msb ol step counter
jns AMOREVERSEO
MOREVERSEZ. Jpost imitmovement

call  TURN POS_SW
is  AMOREVERSEG
setb mbdbo 2x2l debounce bit

moy  relotthshigh mOlimrele @ #
mov  refotb Flow mohimrelo @ F
clr ¢ clear carn fTag
moy a.phomel Jdoad Isb ol sicp counler
subb  a#l decrement Ish
mov phomcehi return the vatee
mov a.phoch doad msh
subh  a#D ssubtract corny Mag il any
moy - phomelia return value
mov  a.phomel load 1sb ol step counter
e MOREVERSES
mov  a.phomeh lond msh of step connler
e MOREVERSER
MOREVERSEG:
mov  mithold.#10 Hobd still after stop
seth holdmn
rel
MOREVERSES:

dec moheld

mov  aamthold

iz MOREVERSES
rel
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MOREVERSES:
clr - midho
clr  holdmo
sctb midone
mov  DPTR#aportl  point to moetor port address
movy  a.aBPPTR .read port value
orl  a#0Fh :mask lower nibble
movy  w DPTR. send it lo motor
ret
MOREVERSE(D):
cr ¢ -cicar carry lag
mov  a.mistl load tsb of step counter
subb . #l :decrement Isb
mov mosila return the value
mov  a.nbsth Jdoad msb
subb %0 :subteact earry flag 1M any
mov  mbsth.a creturn value
MOREVERSESR:
dec  mbph decrement phase counter

mov a.mbph
cjne  a#OFFh.MOREVERSE]
mov  a.#7 creset phase counter
mov  mipha
MOREVERSEL
mev DPTR#STEPTABI2F :point to phasc table

move  a.warDPTR read it

mov  ba save phase patternin b

mov  DPTR#aportl  :point 1o motor port address
movs  aead DPTR read port vilue

anl o #0OF0h :mask fower nibble

orl ab :move bit pattern 1o fower nibble
movy @ DPTR.a -send it 1o motor

ret

MIFORWARD: “Turn slide move fonvard

mov a.mlstl dead 1sb ol slep counter
s MIFORWARDN
mov  a.mlsth Jdoad misb of step counter

mz MIFORWARDO
sctb mldone
mov  DPTR #aporll  -point to molor port address

movx a4 DPTR .read port value
orl  a.#0F0h smask upper nibble
movy @ DPTR.a send it 1o motor
rel

MIFORWARDO:

catt - READ_TURN HOME :check fimul swilch
iz MIFORWARD?2 .do not decrement step count il pressed
clr ¢ clear carm flag

mov  a.mls Jdaad tsb of step counter
subb  a#l «decrement Ish

mov mlstla return the value

mov  aamlsth Jloid msh

subb o #Q subtract carry flag ifany

mov mlsth.a creturn valae



Confidenna) Repon

MIFORWARD:
s wmlph increment phase counter
mov amiph
cine  a34NIFORWARDI

mov a4 sreset phase counter
meov  mlpha
MIFORWARDL

mev DPTRESTEPTABIR (poinl to phase table
move L ra-DPTR cread il

swiap Q swap wibbles

mov b save phasse pattern b

mov  DPTR =apont pointlo motor pon address
movy  aoa DPTR read port value

ant  w.#0Fh sk upper mbble

ot ub anove bit patternt 1o tower wibble
movy  « DPPTR. send it 1e molor

ret

MIREVERSE: “Turn shide move backward
call READ TURN HOME :check hmn swiich
Jj2  MIREVERSE2  done if pressed

mov amisl load 1sb of step counter
jne MIREVERSES
mov aanlsth Joad msh of sicp counter
gne MIREVERSES

MIREVERSEZ:

scth mldone
mov DPTR =uportl  point to melor port address

movy a0 DPTR rend port vislue
orl  a#0Fuh amask upper nibble
movy  a DPTR. :send it to motor
el
MIREVERSED:
clr ¢ clear carn flag
mov aamlst Jdoad tsb ol step counter
subb  aFl decrement Isb
mov - milsila return the vatue
wov  a.mlsth :taad mish
subb A0 ssubtract carny Mag it am
wmov midstha ebarn value
dec  mitph :decrernent phase counter

mov  anlph
cine  a#HUFFh. A REVERSE]
mov H3 creset phiase counler
mey mipha
MIREVERSEL:
mov  DPTR=STEPTABIR point 1o phase table

move 4 o a+DPTR e it

swap  a swiip nibbles

mov - bha save phase patterinin b

mos  DPTR=aponl  point to motor pon address
movy a0 DPTR read port vafue

anl  a.#0Fh anask upper nibble

ol ab anove bit patiern Lo tower nibble
movy DPTR. ssend it o motor

el

- Technology Devetopment Office
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MIFORWARD: :S[oppcr‘mo\ ¢ tomard

mov ol Jdoad 1sb of step counter
e M2ZFORWARDOD
mov aamlsth loud msb of step counter

s MIFORWARDO
scth m2done
moeyv DPTR.Zupon2  poim to motor port address

moyx  a. .o DPTR -read port value
orl  o.#0Fh qmask lower nibhle
movy  w DPTR.a send it to motor
1l

M2FORWARD!:
call  READ_STOP_HOME :check limil switch
14 MIFORWARD?2 o not decremem step count if pressed
cdr ¢ wchear carry flag

mov  u.omlstd loadt Ish ofslcp cotnier

subb o # :decrement Ish

moyv  m2sila creturn 1he vilue

men aom2sih Jdoad msb

subb  a.F0 ssubtract carn Mag i any

moy m2sthn relurn vitlue
MIFORWARD?2:

inc  miph :increment plase counter

mov  a.mph
cine A # 4 M2IFORWARDI

wov  aF wresel pliise counter
mov m2phua
MIFORWARD:

mov  DPTRESTEPTAB2R :paint to phase table
move  d.aa~DPTR aread il

mos b save phase pattern in b

moy  DPTR.#uport2  point to moter port addeess
movx  a. .« DPTR read port value

anl  a#OF0h .mask lower nibble

orl  ab anove bit pattern to lower nibble
movy -« DPTR. :send il to motor

rel

M2ZREVERSE: Stoppet move rey orse
calt  READ_STOP_HOME check linit switch
Js NIREVERSE2  donc if prossed

moy a2t Joad Isb of siep counter
s M2ZREVERSED
mov amnlsth Jload msbh ol step counter

ine M2REVERSEO
MIREVERSEY

seth o m2dong

mov  DPTR #aport2  point to motor port address

movx .4 DPTR read port value
orl  a.#0Fh sk lower nibble
movx  a DPTR.: send 1 o molor
Fel
M2REVERSEW:
clr ¢ welear carry lag
mov sl load 1sb of step counter
subbe aFl decrement tsh
mov  m2stha cretarn the value
mov  aom2sth Joad msb

subb  a#D ssubtract carry Nag il amy

: Technologs Development Office
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mov
dec
mov
cjne
mo
moy

m2sihoa
m2ph
a.m2ph

creturi valug
decrement plase counter

a.#0FFh M2IREVERSEL

PR}
.=

m2ph.a

N2REVERSEL
DPTRASTEPTABZR pownt 1o phase table
a. ¢ a+~DPTR cread it

resel phase counter

save phase pattern in b

DPTR #apoert2  -point { motor port address

read port value
‘mask tower nibble

smove bit patterit o lower mbble

ssend 1t to motor

Jduitiate 8235 PPE chip

aait a bit

“Aout. Boul. Cin
send program byvie
Aocut Bin, Cin

send program byvie
await a bt

DPTR.#apont!  pomt to stepper motor pont

:Clear slepper pont

DPTR.2apon?  :point 1o stepper motor port

:Clear stepper port

nitiate sysiem variables

attiane phase counter mator 1)
nttiate phase counter maotor 1
Jnitite phase counter motor 2
Slop moter (0
:stop motor
.stop motor 2
:elear motor U hold bit
:¢lear motor (4 speed up bit
clear motor # switch debouncee bil

wclear motor O reverse direction
clear motor T oreverse directhion
wclear motor 2 reverse direction

clear high Brte timert) refoad vit
cleat Tow bavie tnert) reload vaby

Confidential Repon - Technology Development Office
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pont Lo control register of 8235-1

point o coutrol register of $233-2

[t

184

‘clear high byvte timert reload value
«clear fow by te trmier] reload vatue

dnitiate dmer nerrup
JDisable input to timer O
Disable tnput to tiner 1

ThMOD. = R Timer/counter 9& 1 as amer

‘Run clock ¢
‘Run clock i

maoy
move
mov  b.a
[H{NY
movy a0 DPTR
anb o FOFOL
orl b
movy, ¢ DPTR.
el

ININ233:
call  WAITONE
mov  DPTR.#rportl
moy E8Yh
mosy o DPTR.G
moes DPTR #rpon2
mov  a.73Bh
movy  a.DPTR.Q
call  WAILT
moy
mov  a.#FFh
movy @ DPTR.a
Moy
mov  a.#0Fh
wovy ¢ DPTR.
rel

INIVARS:
mov mbph.#Fo
mov miphso
mov  m2ph#b
selh mhdone
scib mildone
setb m2done
clr - holdmD
clr mispeed
cir - mtidbo
clr - mibrey
cir  mlrey
clr o m2rey
mov  releOh F0
wigy relobl #
mov  relolh.#0
mov  relolhsD
ret

INICLOCK:
cr T
cir T
mov
setb - TR
scth - TRI1
setb ETO

:Enable timer O interrupt

mode |
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sctb ETI ‘Enable umer | interrupt
seth EA Enabie master interrupt switch

STEP_POWER ON: Turn on step motor power supply
mov  DPTR.#bport!  :point to stepper power contral part

maovy o« DPTR .read port

orl ax0utmtnulb  set contrel bit
movy & DPTR.a :send control bit
et

STEP_POWER_OFF: :Turn off stcp motor power supply
mov  DPTR.#bportl  :point 1o siepper power conlrol por

movs o w DPTR read port

anl  a#ltiiIllob  clear control bin
movy & DPFTR.a :send control biy
ret

HYD_POWER_ON: Turn on hyvdrauhc pewer unit
mov  DPTR.#bportl  point 10 hydraulic power control port

movy  a. @ DPTR read port

ofl 001000000 set control bit
movy ¢ DPTR. ssend control bit
et

HYD_POWER_OFF: Turn oil lndraulic power unit
mov  DPTR #bportl  point to lndraulic power control port

movy  a.a DPTR .Tead port

anl  pERLLHHED  clear control bin
movy ¢ DPTR.a send control bit
et

CHUCK _MOTOR_ON: :Turn on lathe motor
mov  DPFTR #bportl  pomt to lathe motor control port

movx  a.aDPTR read port

arl  a#FO0oGOGHE  cset control bit
movx o DPTR. ssend contret b
Fot

CHUCK _MOTOR_OFF:Turn off lathe motor
moyv DPTR.#bport]  point to lathe metor control pon

mosx  Lw DPTR -read porl

anl o FLOTTEET D clear controf bit
movy @ DPTR.A send caontrol bit
ol

CHUCK OPEN:  Open chuck
mov  DPTR #bportt  cpoint to chiuck hvdeaulic control port

wmovx oo DPTR cread por

ort as0c0 000G set cantrol bit
movy @ DPTR.a :send control bit
ret

CHUCK_CLOSE:  :Close chuck
may  DPTR#Fbportl  poind to chuck hvdraulic control port

movx  a.@ DPTR read port
anl A F1110111Hb  clear control bit
movy  «.DPTR.a send comtrol brt

et
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LINEAR_FOR.  :Move linear feeder forward

mov  DPTR.#bpont!  :point to tinear feeder control port
movsy Lo DPTR sreid port

anl o @1l Ih amake sure lincar back is aff

orl aFbooaiuceb  cset control bit of feeder

movy @ DPTR. :send control bit

rel

LINEAR_BACK: :Nove linear leeder back

mov  DPTR Zbport]  :potat to lincar feeder control por
movx .« DPTR aread port

anl A #FLLLLIOLTID  cmake sure linear forward is ofl

arl  aFon00010ob  csctcontrol bit of feeder

movy  wDPTR.a send control biy

rel

LINEAR OFF:  Relzase air pressure in hincar (eeder

may  DPTR.Zbportl  potnt Lo linear lecder contral pon
movxs a0 DPTR .read port

anl  a#lTTInotib  hnear forward & backward bits ofT
movy o DPTR.a :send contral bils

Icl

ROTARY _GO:  :Activale rotary Teeder

mov  DPTR #bport]  point Lo rotary feeder control port
movy 2. DPTR .read pory

arl 4. #00000100  sct control bt

movx o DPTR.G send control bit

call WAIT “delay a bit

call  WAIT

anl  a #1HNTLIGIL clcar contral b

movx « DPTR.u send control bit

rel

READY LANP ON: :Turn on reads lamp

mov - DPTR.#bport]l  pomt to ready Lnmp control porl
movx . o DPTR creadt port

arl  a#10000000L  sel controt bit

mevy o DPTR. :send control bit

ret

READY LANP_OFF: Turn ofl ready lamp

mov DPTR.Ebportt pointio ready lamp control port
movy  a.« DPTR read port

anl  a#011111HID  cclear control bit

movx v DPTR. send control b

rel

HOPPER LANP ON: Turn on hopper cmpty Lamp

mov  DPTR #aport2  point to hopper Lunp contral pent
movy g DPTR read port

orl  aA0ononoob sl control bil

movx o DPTR.a send contral bit

ret

HOPPER _LANMP _OFF::Turn off hopper cmpty lamp

mov  DPTR.Faport2  peint to hopper Linip controt pont
movx 2.« DPTR .read port

anl a#HINEHTID cclear control bil

movx ¢ DPTR. send controf bit

rel
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ALARN LAMP_ON: [Tum on remoic alarm
niov  DPTR.=aport2  pomt to alarm lamp control port

movs 4. DPTR :read port

orl  aA01000Goh  ser control bit
movx  « DPTR. .send control bit
et

ALARM_LAMP_OFF: :Turn ofl remotc alarm
mov  DPTR.#Faport2  :point to alarm lamp contrel port

movy a.u DPTR read port

anl o #21001111b  clear control bit
movy o, DPTR.O send contraol bit
ret

READ DTRIM: :Read diameter trim. resuil in acc
mov  DPTR.#bport2  point 1o diameter trim port

movy  a.a DPTR read port

arl W #OFOh sask upper nibble
cpl o shvert bits

ret

READ LTRIM: :Read length trin result inace
mov  DPTR.#bport2  point to length trim port

movx .o DPTR sread port

ol a#0Fh :mask lower nibble
swap  a swap nibbles

cpt o anvert bits

red

READ TEST:  :Read test code. result m ace
mov  DPTR.Fcport2  point 1o test snitch port

movy i@ DPTR cread port

ort L #IFCH :mask upper nibble
cpl a snnvert bits
oyl Make sure it <=9
cr ¢

mov . #Y
subb  a.ro
jbc cv.READ_TESTU
oy a.rly

ret
READ TESTO:
cls n
rel
READ GO :Read Go switch, a=0 il pressed
mov  DPTR#cport2  (poinl 10 go swilch port
movx 4. wwDPTR :read porl

ani L AB00TON00L 1T nal pressed
jnz READ_GOI

ret
READ GOIl:
moy  DPTR.Fcport]  point to ga switch porl
movs e DPTR rend port
anl A #10000000b It not pressed
ret

READ STOP:  :Read stop switch. a=0 if pressed
mov  DPTR #cpart2  point to stop switch port
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wovy  a.«¢ DPTR wread porl
anl B 100000b o =00l pressad
rel

READ _E STOP: :Read cmergeney sw. a=0 il pressed
mov  DPTR.#cport2  peint Lo stop swilch port

movx  a.d DPTR :read port
anl aF0H0DNODOL o =10 il pressed
rc

READ_HOPPER: :Reud hopper cmpty sw. a=1 if cmpty
mov  DPTR.Fcportl  :potnt 1o hopper swilch port

movx 0.g DPTR :read port
anl  aF00000N01L  a =1 emply
et

READ_LINEAR_IN: -Read lincar Iced sw. a=0 if [ull in
moyv  DPTR.#cport]  tpoint 1o dincar i swilch port

movxy  a. ¢ DPTR sread port
anl . 000000100 o =014f full in
rol

READ STUB:  :Read stub sw. 3=0 if stub reached
mov  DPTR.#cport!  point 1o stub switch porl

movs o, DPTR read port
anl A A00000100LE a =00 w stub
rcl

READ TURN_HOME: :Read wrn slide home. a=0 for home
maoyv  DPTR #cportl  paint to turn shide home switeh port

oy L o DPTR reid port
anl A A0OODT000R o= 0 1] home
et

READ CUT HOME: :Read eut slide homie. a=0 lor home
mov  DPTR. #eportl  :point 1o cul shide home swiich port

movy L DPTR read porl
anl A F000Hob  a =01l home
ot

READ STOP HOME: :Read stopper home., a=t for home
mov  DPTR.#cport]  point to stop slide home switch port

movy  a.« DPTR .read port
anl  a#00100000b =011 home
rel
TURN_POS_SW: ‘Read turn position sw. a=0 lor pressed
mov  DPTR#cport]  point 1o turn position switch pont
movy . aDPTR read port
anl 4. #1000000b  a = O home
red
WAITSW: Wait for Iront panel swilch

call READ_GO

iz WAITSW DONE

call READ_STOP

jns WATTSW

seth o stopped
WAITSW_DONE.

rcl
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WAITGO: Watt for GO switch 1o be pressed
st mesl
MoV GL#5
catl  DISPLAY

WAITGOL:
call READ_GO Read go switch
mz  WAITGO!I Wait around

seth sl
mov  a#ta
call  DISPLAY

rel
WAITKO: SWail for motor (+ done
b modone, WAITMO  swvail uniid done
ret
WAITNMIL: SWait for motor 1 done
Jub o mildone WAITNT wait until done
ret
WAITM2: ‘Wit Tor motor 2 done
b m2done WATTMZ wait until done
ret
WAITONE: ‘Time delay one second
mov i #o
WAITONET;

call WAIT
dinsz r3.WAITONE]

rel

WAIT: “Time delay subroutine 1H0 millisec
mosv  rl #1906

WAITHE:

mov 2. #UFFh

WAIT2:

dinz 2. WAIT2
dins rl.WAITI
HM

CHECK_CROSS R Check cross slide reversal for crror

mov  aandisth Jdood step counter MSB

Jnz. CHECK_CROSS_RT crror il not scro
movantstl load step counter LSB

iz CHECK_CROSS_R2 f sero. limit switch not reached
cr ¢ clear carmy flag

subb o #200 :subtract 200

jnb - cv. CHECK CROSS_Rl:error il more than 200
mov  error.#0
ret

CHECK_CROSS RI. SShide reacly imit too soon
mov crror.#l

jmp  ALL _STOP
CHECK_CROSS_R2: Limnit not reached

moyv  crror.#3

pmp  ALL STOPR

CHECK_(ROSS_F:. Check cross slide forwurd (or crror
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call  READ CUT HOME

i~ CHECK _CROSS FI
nmoy error.#)
ret
CHECK _CROSS FI°
mov  crror.#}
jmp  ALL STOP

CHECK_CROSS_M: :Check cross slide for proper hemeing

call  WAIT Limil switch debounce
call READ CUT HOME

s TCHECK_CROSS_HI
MoV error #0
ret

CHECK _CROSS Hi:

mov - crror #3

Jmp  ALL STOP

CHECK TURN_R: Check turn stide reversal for error
Appendix B Firmware Prograni Listing (continu).

mev aanlsth Jdoud step counter MSB

jnz CHECK_TURN Rl errorifl not scro

wov kst Jdoad step counter LSB

Je CHECK_TURN_R2 :If zero. Lt sw not reached
chr ¢ clear carry tlag

subb - a#200 ssubtract 200

Jub oo CHECK TURN Rl:error if more thian 200
nmoey errer.#0
ret
CHECK TURN RI: :Slide reach limit too soon
oy crror.#5
Jjmp ALL STOP
CHECN_TURN_R2X: :Limit not reached
mov  error.#0
jmp  ALL STOP

CHECK_TURN_F: «Check turn shde forward for error
call  READ TURN HOME
iz CHECK_TURN_F}
mev o crror. #)
ret
CHECK_TURN_FI:
mov - crror #d
jmp ALL STOP

CHECK TURN H: :Check turn slide for proper homeing
call  WAIT :Linut switch debounee
call READ TURN_HOME
gnz - CHECK _TURN_HI
nmey o crror#d
ret
CHECK TURN_HI:
Moy Crror.#h
imp ALL_STOP
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CHECK STOP_R: (Cleck stopper shde reversal for error

mov amZsth Jdoad step counter MSB

mz CHECK STOP Rt erroril nol scro

mov sl Jdoad step counter LSB

14 CHECK_STOP R2 I sero. limit sw net reached
cr ¢ :clear carry flag

subb  a.£200 .subtract 200

qnb o . CHECK_STOP Rierror if morc than 200
moy  error.Eh
rel

CHECK STOP Ri. :Slide reach limit wo soon
Moy Crror#8
Jmp ALL_STOP

CHECK_STOP_R2: :Limit not reached
mov - Crror.=Y

jmp  ALL STOP

CHECK_STOP_F: :Check stop slide forward for error
call READ_STOP_HOME
1~ CHECK_STOP_FI
nov. - error F)
ret
CHECK_STOP_FI:
moy - error#7
Jqmp ALL STOP

CHECK_STOP_H: Check stopper for proper homing
call  WAIT Limit switch debounce
catt READ STOP HOME
s CHECK_STOP_HI
mov error E
ret
CHECK _STOP _HI:
noy  Crror®#Y
Jjmp ALL STOP

CHECK LINEAR B: :Check lincar feeder Tull back position
mov aerror
v ALL_STOP
rel

HOPPER_EMPTY: Hopper cimpty conditzion
call HOPPER LAMP ON
Moy a.error
cull - DISPLAY
call - CHUCK_MOTOR_QFF :Turn off fathe motor
call  STEP_POWER_OFF Turn off step motor power
cull  LINEAR_F_BACK  Pull back fincar feeder
call  LINEAR OFF  Unlead tincar feeder
call CHUCK _OPEN  :Openo chuck
HOPPER_EMPTY _I:
call  HOPPER_LAMP OFF -Flash hopper bamp
call  WAIT
call  WAIT
call HOPPER_LANP_ON
call  WAITT
call  \WAIT
call  WAIT
call  WAIT
jmp  HOPPER_EMPTY 1 Loop forever. wail for resct
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NORMAL STOP:
clr  stopped
call  WAITGO
ret

ALL_STOP: Fatal error. stop all svstem and flash error
call  ALARM LAMP ON
call READ TEST ‘Testing”?
jz ALL STOP 2

ret Return if {esting

ALL STOP 2
aill CHUCK MOTOR_OFF [Turn off lathe motor
clr EA

mov  a.error
call  DISPLAY
call STEP POWER OFF :Turn oft step molor power
call  READY _LAMP_OFF :Turn off ready lamp
call LINEAR F BACK :Pull back lincar feceder
cill  LINEAR _OFF  :Unload hnear {ceder
call CRUCK OPEN  :Opcn chuck
ALL_STOP_I:
call ALARM_LAMP_OFF :Flash alarm lamp
call  WAIT
call  WAIT
call  ALARM_LAMP_ON
call  WAIT
call  WAIT
call  WAIT
call  WAIT
imp  ALL_STOP_J :Loop forever. wait for rescet

EMERGENCY STOP:
call  ALARM LAMP ON
clr EA Disabiz all interrupt
mov  a.#l4 :Emergency stop massage
call DISPLAY
call STEP POWER_OFF
call CHUCK_MOTOR _OFF
call - WAITONE
call  WAITONE
call CHUCK_OPEN
call  WAITONE
call  LINEAR_BACK
call WAITONE
call  WAITONE
call LINEAR _OFF
EMERGENCY_STOPIL:
call  ALARM_LAMP _OFF :Flash alarm lamp
call  WAIT
call  WAIT
call  ALARM_LAMP_ON
call  WAIT
cull - WAIT
call  WAIT
call  WAILT
jmp  EMERGENCY STOP1 :Loop forever, wait for reset

STEPTABIF: -2 phasc drive forward bit patiern
db 00001100b



Contidential Report : Technotozy Development Office

Premier Global Corporition Lid.
db ouootools
db 00NDODG T Tb
db 00000 b

STEPTABIR: :2 phase drive reverse kit pattern
db pinot Hib
db 000001 10b
db 0onupo1 b
db 0000100 1b

STEPTABI2R.  :1-2 phase drise reverse bit paitern
db oonol Loth
db onpol [ 10b
db oaaha ] [0b
db DounB b
db Oonnnot b
dh OO 10T b
db 000010016
gb 000G1101b

STEPTABI2F:  :1-2 phase drive fomward bit pattern
db 000G LO0D
db 00001101Db
db Hoao 601
dbh 00001011k
db DOOO00 T Lk
db oonoolllb
db anooot b
db aune] b

L.CD Driver written by Somchai Pattana
ccatt INIT_LCD to witialize LCD
call DISPLAY with massage number in g

deliy: adefay E3 millisee

moy rl#1S

WAITLCDI: defay | millisee
mov r2.#220 JUE2 N (AT T0E92 MHZY N [(x2263+2)

WAITLCD2:
nop = US30T729 microsec
nop
dins 2 WAITLCD?2
nop
nop
dina rl WAITLCDT  :Loop 15 tine
rel

LCD DONE:

mov £l #210 1700 1 see max

LCD DONET:
mov DPTR.Zrd busy :Poinl to LCD busy instruction
movx 4. DPTR Read port
b ACC 7.LCD_DONE2 Wit until bit 7 s zero
dinz 71, LCD DONEL

LCD _DONEZ:

rel

Clrser:
call LCD DONE “Watt until LCD done
wov DPTR.#wr_ st Point to LCD write instruction



Confidennal Report @ Technology Develtopment OfTice
Prentter Global Compaoration Lid,

moy a.#0Ih “Sel clear dala 10 A
movx rt DPTR.a ‘Send clear screen data
ret

[nit_ LCD:

call delay

mov DPTR.#wr_inst :Point to LCD write instruction
mov a.#30h 8 bit interface set

movx @« DPTR. :Send function sct

call delay

mov DPTR.#wr_inst :Point lo LCD write instruction
moyv a.#30h 28 bit interface sct

movx « DPTR.a Send function scl

call delay

mov DPTR.#wr inst :Point to LCD wrile instruction
mov a.#30h 8 bil interface sel

movx # DPTR.a :Send function sct

call LCD_DONE AWait until LCD done

mov DPTR#wr_inst -Poinl to LCD write instruction
mov a.#38N -8 bits data. Y6 columns. 5x7 dots
movx o DPTR .4 :Send function sct

call LCD_DONE ‘Wait untit LCD donc

moyv DPTR #wr_inst Point to LCD wrile instruction
moyv a.FO8h Display off

mavy ¢ DPTR.G :Send display contral

call ClrSer :Clear all display

call LCD_DONE Warl until LCD done
mov DPTR. #ur_inst (Point to LOCD write inslructios

mov . #IEh Display on. cursor on. blink off
movx o DPTR. Send display control
ret
Display:
mov 0. Move data to R0
call ClrSer :Clear display
mov .1t Move data to ACC
Jjns SHOW ‘Return if code 0
rel
SHOW:
dec u AMalch data to table
swap a :Swap nibbles
mov ri. Move data 1o RO
mov r3 #80h ‘First DD RAM address
mov r7.#10h :Load number of characler
NEXT CHR:

call LCD _DONE Wait untit LCD done
ib mes | NEXNT_CHRI
mov DPTRAMESSAGE Point to string 1able
jmp NEXT CHR2
NEXT _CHRI:
mov DPTR.EMESSAQGE]
NEXT_CHRZ:
IOV ,TO ‘Move string position 1o ACC
move . ¢ a+rDPTR Read ASCI from table
mov DPTR.#wr_data Point 1o LCD writc data port
movx ¢ DPTR.1 Send data
mnc r3 dinerease DD RAM address
cine r3 #88N.NEXT  (Check last 8 digit
mov 3 #0CHh :Sel the 8th dieit DD RAM address



call LCD_DONE
mov DPTR #wr_inst :Point to LCD write instruction
mov .13

movx « DPTR.a

NEXT:
inc 1o Increase string position
dinz 17 NEXT _CHR  :Check last characler

MESSAGE:

NMESSAGEL

cnd

clr

ret

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

db
db
db
db
db
db
db
db
db
db
db
db
db
db
db

Wait until LCD done

Set DD RAM address
:Send function sct

mesl

Table of error message
U1 CROSS LIMIT
02 CROSS STROKE'
'03 CROSS NOT RET'
‘U4 TURN LEMIT
"3 TURN STROKE
16 TURN NOT RET’
‘07 STOPPER LIMIT'
0% STOP STROKE '
‘09 STOP NOT RET!
10 CHUCK NOT CLR!
‘11 LINEAR NOT RE'
'12 ROTARY PROB."’
'3 HOPPER EMPTY '
‘14 EMERGENCY 5T
'15 STOPPED !

Table of display message
INITIALIZING !

'FEEDING NEW PART

MACHINING SLIDE

'EJECTING STUB

'READY--PRESS GO

G |

l‘? 1

Ig '

" '

R '

1 '

13

"6 COUNT ERROR

Conlidential Report © Technotogy Developrent Office
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Appendix C. Specifications.

The single purpose lathe is o manual lathe retrofitted for automated machining of the first stage slider
production. The cvele time is 40 seconds per picce and the tool change is 1200 picces for turning and 290
pieces for cut ofl. The lathe betng used is Y AM-350 cngine Iathe with the following specifications:

Cross slide
pitch 4 mnvrey,
forward stroke 15 num.
reverse stroke 16 mm.
turn stroke 3,33 mm.
niotor resclution M) steps/rov.

Top slide
pitch 3 mnvrey,
forward stroke 30 mm.
reverse stroke 31 mn
ready for facing 27 mm,
turn for facing 3 mm.
motor resolution 200 steps/rev.

Stopper skide
pitch 4 mun/rey,
normal stroke 10 mnm.
return [rom normal 12 mny
fcing stroke 37 mm,
return from facing 39 mm.
clear chuck stroke 4 mm
return from clear 42 mm.
molor resolution 200 sleps/rey.
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Appendix D. Cost Breakdown,

Description Part No. Vender Quan.  « Total  Delwvery

CONTROL UNIT

Front control pancl custom CCR 1 L300 1500 7 davs
Microprocessor board ANT-32Sila 1 1390 1390 Jdins

EPROMI 27128 CCR | 200 200 instock

Stepper motor driver EX-STEPM Sila 3 630 L9 3 days
Relay cutput board EX-RELAY Sila 3 630 L1930 3days
Input beard custom CCR 1 300 aun 3 days
Power supply SVIAZAVIA POW-353 Sila I 930 95 3 days
Power supply 12VISACCR 1 25000 2500

Reststor pack custom CCR 3 360 900 3 davs
Circuit box #0 CCR ] 400 400 in stock
Circuit box #l CCR 1 450 430 i stock
Relay 24V Kocke - MB2 CCR 3 150 750 7days

Magnetic switch TOA HioC CCR i 330 3500 an stock
Pilot lamp CCR 2 [ 50 300 1 stock
Misc hardware & assembly custom CCR [ 2000 2000 7davs

DRIVE SYSTEM

Step motor Step-Syn 103-813-2 Flexible 2 5623 11.2300 Jddavs

Step motor Step-Syn 103-8920-20 Flextble 1 15.000 13000 30 davs

Alir cyvlinder 40X 1200mm SUE 1 5000 A0 S0 dans

Solenoid valve FR3.4E2-13 Flexible | 4240 +.200 30 davs

Multler KAT-1 Flexible 1 402 402 30 davs

Pressure regulator RTL6-02 Flexible 1 1.b60 1060 30 davs

Speed control ESC6-PT 1/4-0 Flexible | 290 2900 30 dins
Hydraulic chuck systeim N-206 Tsu Sheng 121208 121.208 30 davs

Rotary feeder & hopper  custom Choorat | to.nnn 000 15 divs

LATHE

Engine lathe Y ANM-350 SUE I 0 instock
Cut olf 100l post custom Choorat | 2.000 2000 7 davs

Cut oIt tool holder ENTARNIGIHSA SUE l 0 in stock
Cut ofl tool inscrt CUTTER SLIDE SUE 1 {t instock

Turn tool post custam Choorat 1 2.0 2000 7 davs

Turn tool holder CF3-3 SUE 1 {+ instock

Turn tool nsert TNPA332 SUE 1 b inostock
Stopper tip custom Choorat 1 400 400 3 davs

Switch actuator custom Choorat 1 1,001} LOn0 3 dayvs

Lathe bore adaptor custom Choorat 1 1.000 1000 3 days

Limit switch and bracket custom Chooral 3 700 2.0 T davs

Motor mount and coupling custom Chooral 3 1.000 Joun 7 davs

Feed svstem bracket custom Choorat 1 3.000 Lo00  Tdoss

Liser teol kit custom CCR 1 to.onn 10000 7 days

TOTAL 208,7IH)
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Appendix E. Vender List.

CCR
van. paNiees raulng Isludie  anlur Uszwus adanis

u

8,25 wi 3 auuglladland duatadian a. Wi Baslml 50300
nssung (053) 217053 Hata (01) 9605787

Choorat

gSou :1950d aonfumaluladinisuns Inmamawdn
ANEIIASDING  LHUNTNEINALNEAT

128 puuWIBLAY B. titae Weelvd 50000

ng. (053) 213112, 213134, 221576 @p 467

Flexible

Flexible Automation System Co. Lid. - UG LL‘Z)"g Sales Engineer
263/6 Wy 4 ouudwy - apaasity a. thdn o, Woe & WL 51000
Tns. (053) 537518-9 wnd (053) 537517

SULE
SANYQ Universal Electric Publtic Company Lid. Compressor Faclory
ARRRE! ﬁismfﬁmgqa Fngineer Q1 Scetion (1) 19 qqu:iﬂ @nd 103 H§unw 10260

Tns. (02) 3980120 fa 388 wWnd (02) 3980120 fa 261

Sila

Uign daTidsy e

1108741 dudmsamiwazliug DUuEYIn nFmw 10110
s, (02) 7122850-2 uvnd (02) 3811447

T7u Cheng

v3rm Faudu (Inawaud) $9nn ANAT WIFAUBIND

7/194 My 14 WIWN-G510 NN 6.5 WHW-URWE #ynidsinig 10540
n3. (02) 3163960-1, 3160873, 01-3535038 WWnd (02) 3160873
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The technigal dravings lor the control svstem and mechanical parts are inthe following pa
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Appendix F. Test Result Run 1 ({(centinue).
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Appendix F. Test Result Run 2.

a Diameter 1 (mm.}
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Appendix F. Test Result Run 2 (continue) .
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Appendix F. Test Result Run 3.
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Appendix F. Test Result Run 3 (continue).
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Appendix F. Test Result Run 4.
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Appendix F. Test Result Run 4 (ccntinue) .
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Appendix G. Drawings.

The technical drawings for the control svstem and wiechanical parts are in the fellowing poges:
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