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GENERAL DESCRIPTION

The SPI 1800 is a two-axis point-to-point positioning system. The positioning
is performed by closed loop servo systems using DC motors which are driven
by SCR power amplifiers. The position of the device Being controlled is sensed
by incremental encoders which are attached to the lead screws of the machine
being posi;:iohed. Some machines have been equip'ped with linear inc;endental
encoders wﬁich measure the 1ineg.r motion of the moving tai:le. Thf._a motion

of the moving part is measured with a resolution of . 0001 inches per pulse.

The positioning system is absolute rather than incremental, Tha..t is, each
positioning command is executed relative to a single 0 point rather than relative
to the prévious'position o.f the machine. Incorpdrated into the 1800 are the
capabilities to recognize,_respo_r;d to and display numerous control codes 'which
are necessary for the control of wire wrapping machines, drilling machines or
1/C insertidn fnachines. These featu.re's a.fe the result of this controller's

having been designed specifically for this type of usage.

The general logical configuration of the controller is shown in the blc;cl; diagram
(Fig. 1). At the top of the page are the input circuits. These circuits provide
for taking information either from the paper tape reader or from the thumbwheel
switches on .the front panel of the controller, modifying that information and .
depositing it in one of the registers shown in the ﬁplaer right-hand side of the
diagram. Display register pfovides the capability to drive a 6-digit decimal
display. Thé S register provides the capability'to drivellar'nps used to control

roLiting of wire in a wrapping machine. The M register provides the capability
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to recognize M functions which are used for control of automatic spindle
wrapping machines and for coﬁtrol of the paper tape reader. The ~N register
is used to drive lighted bin boxes for wrapping ma;:ll‘ines. ‘The X desired é.nd
Y desired registers are used to store the position to which it is desired to
move the machine. T}‘le input control circuits consist of control flip-flops
for coptrolliqg the motion of the paper tape reader, sequencing circuitry,
circuitry for checking the parity of incoming data and detecting particulé.r

control characters.

At the bo‘ttom of the page is shown the servo system which may be considered

the output circuitry of the controller. The current position of the machine
relative to the machine zero positic.m is carried ?.t all éimes in the X actual
register and ‘the Y actual regiéter. The X and Y encoders cause these registers |
to be incremented or decremented as the table moves. The comparator compafes ‘
the X desired position with the X actual position, feeds the differenée between
tﬁfe two to a digital-to-analog converter which converts the position error into

a DC voltage suitable to drive an SCR power amplifier which in turn drives the :
DC positioning motor. The encoder is mechaﬁically cogplgd into the positioning

motor so that the loop is closed. An identical loop is used for the Y position,

The general sequencing‘of operations is as follows: .The completion of an
operation, or a:manual function by the tool operator, generates an index pulse
to the controller to cause it to initiate a cyéle. The tape reader is started, then
it reads in tape until an end-of-block code is defected. When the tape reader
starts, the servo.system is disabled. While data is being read in, it is checked
for parity and routed to the proper registers. An end-of- block code is

detected -- then the inputting operation is complete, the paper tape reader
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is stopped é.nd the servo system is enabled. Tﬁe servo system starts to
move one or both motors as neqéssary to decrease the difference befween
the actual and desii-ed positions. When the difference has been reduced. to
zero, the motors a;re turned off and an "in position'' signal is sent to the tool

being controlled, which allows that tool to complete its function,

Ail log'ic‘f.or the 1800 controlier, with the exception of the Digital-to-Analog
converter, is mounted on a single matrix boé.rd. This is located in the processor
drawer, The DAC board, plugs into J17 inside the processor drawer.
Throughout this system logic 1 (true or high) is +3. 0 volts or greatei-, an.dA

logic 0 (false or low) is +0. 6 volts or less.



DOCUMENTATION CONVENTIONS

1800 logic is documented on approximately 120 8-1/2 x 11 drawings. Several
means have been provided to assist in lo'cating the proper dréwing:
A. An index of drawing titles has been provided (Dwg. #100).
B. A diagram depicting the flow of information through the system
is provided in Fig. 2. The drawing numbers of each i:na.jor function
have been noted,
C. A block diagram showing all machine functions and the numbers of

the drawings which detail each function is provided in Fig. 3.

To assist in following signals from one drawing to another, signal traéeability
" data has been includéd on all drawings. A page number contained in parentheses

indicates the source of the signal.

Note that in some cases, di‘awing numbers differ only by a dash-number, for
example, 115-2., The traceability data does not contain the da.sh-nufhber.
Use the index to verify that the drawing you are using is applicable to your

system.



MANUAL CONTROLS

(a) Power (Dwg. 195, sheet 2)

(b).

(c)

(@

Two li.ghted', momentary pushbutton switches are prbvided.

 POWER OFF is push(ed to drop unit power and when illuminated
- indicates AC power is applied to the controller but it is not powered

- up. POWER ON is pushed to apply system power and Whén illuminated

indicates DC power is applied to the controller. This switch is also
a unit reset; it may be pushed to reset the unit at any time. 1If
pushed while the unit is moving, motion stops but zero is not lost.
The only way'zero. can be lost is to press POWER OFF (see SET ZERO,
below). | |

MODE SELECTOR ('D;\ﬂg. 1§5, sheet.Z) - .f.our position ro.ta.ry. switch.

Selects urnt mode of operatlon

' (1) SLOW JOG enables machine to jog at 1.5 ipm when J’OG CON’I‘ROL

switch is activated (see JOG CONTROL below).
(2) MANUAL - Causes the Data Entry switches to be the ;ole
séurce of input data. |
(3) TAPE - Causes the tape reader to béthe source of input data.
(4) EXT - Transfers operation of‘ control functions to an external
‘control panel.A
INDEX - (Dwg. 195, sheet 1) -,S.tarts system operation - active only
in ’MANUAL or TAPE mode. Push to read in data f,rqm’ either tape
reader or manual data switches, INDEX light is on when machine'
is in posn;mn and off when machine is xnovmg

SET ZERO - (Dwg 195, sheet l) - Active in any mode but should

' be set in MANUAL mode, When pressed, th1s switch causes the
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present location of the machine to become the zero point to which
all X and Y coordinate data are referred.
() RETURN TO ZERO - (Dwg. 195, sheet 1). Active only in MANUAL
mode; causes tﬁe méchine to move to its zero point. The XD and YD
' registers are reset; this is eq‘u.ivalept to reading in X and Y coordinates
0 0,0.
(£) RE'ZE‘URN TO LAST POINT - (Dwg. 195, sheet 1) - Ac;tive in MANUAL
or TAPE mo}des. Used to re’.curn to a point after the operator has
had to jog off a point (see JOG CONTROL, below).
(2) BACKSPACE - (Dwg. 195, sheet 1) - Active only in tape mode; backs
tabe up one block each time it is pr.esséti. No data is read m
(h) REWIND (Dwg. 195,. éheet 1) - Causes -tap-e to rewind until beginning-
of-tape ché.racter is detected. Rewind is automatically 'étarted wl;en
an end-of-tape character is detectved. ﬁnit rhust be in TAPE mode.
(ij EMERGENCY STOP - (Dwg. 195, sheet 1). C»ause,s\ ali machir;e
motion to cease. POWER ON reset must then be pressed. Inputs
from limit switches (Dwg. 148) will automatically apply a reverse
drive to the limited axis, .then bring up emergency stop.k |
(i) JOG CONTROL (Dwg. 195, sheet 2). Active in any mode. In
. MANUAL or TAPE fast jog ensues (60 ipm). In SLOW JOG the
rate is L. 5 ipm. When a jog switch is engaged the DAC's are held
_‘ at zero and voltages aré generated past them (see Dwgs, 147, 164,
165). While jogging the actual position registors follow the machine
motion but tl"1e Desired I.i’osition registers are unaltered. Thus

RETURN TO LAST POINT may bhe pressed and operation resumed.



(k) MANUAL DATA ENTRY (Dwg. 195, sheet 3)
These are two sets of thumbwheel switches, In MANUAL MODE,
pressing the INDEX will cause the machine to move to the coordinates
selectéd by these switches. The Digit Time Counter (Dwg. 183)
scans these switches serially ‘(Dwg. 187) and the data is gated into

the desired registers in the same manner as i:ape data (Dwg. 113).
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THEORY OF OPERATION

(1).

12 MHL The 10 MHz is divided down to 5 MHz. _

'

SYSTEM CLOCK (Dwgs. 177 and 144)

The system clock provideé all necessary synchronizing and clocking
signals for the system, The basic oscillator is a three-gate fing
circuit which oscillates at approximately 10 MHz (Dwg. _‘177). The _-

exact frequency is not critical but must be somewhere between 6 and
4

The 5 MHz signal is fed into a 5-bit serial shift register with only one
flip-flop set at a time, Two 1 MHz pulse trains, CK03 and CKO05, are

taken from this register. The pulses are approximately 200 nanoseconds

- wide and there is approximately a 400 nanosecond difference between the

trailing edge of CKO03 and the t'r‘aili‘ng edge of CK05. These signals are

fed to buffer amplifiers and dist_ribu'ted throughout the system.-

-

The Control Time Counter (Dwg. 144} can also be considered part of the
system clock, since it is always running and the operations it controls
are always being performed (see discussion under(4b), Tachometér

Input and Contrql Time Counter).

The Control Time Counter is a four-bit, serial shift register with only .

one flip-flop set at a time. - All flip-flop outi)uts, CT1 thru CT4, are used.
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(2)

INPUT LOGIC (Dwgs. 104 thru 113, 149, 185)

The input logic receivés all eight tape channe.ls (Dwg. >104). " Either
EIA or ASCII codes may be received and a‘ré s'electe‘d by the ASCII/EIA
switc}; (S4) located on the rear panél of the prgcessor drawer. This
switch also selects odd or evvenAparity check (Dwgs. 105, 149). Since

ASCII uses even parity and EIA uses odd parity, a two-pole switch

.performs both functions,

'Sets of X and Y coordinates and other numeric data are punched on tape

in groups called blocks. Each blo»ckbis terminated by an end-of-block
(‘EOB) character. Blocks are éomposed of fields of numeric data. | Each
Iiel;d is precéded by a control character. The input logic determines
Whethe'r a ché.fa.cter is a" numb'er or a control character (Dwg. 112), and
decodes (i.e. p;'ovides a s'ingle. line output) f;hé cﬁaracters EOB, RWSTOP
(’rewiAnd stop), RWCON (rewind control or ehd of tapé), and th; (;ont;ol |
charactelrs~M, N, S, X and Y (Dwgs. 109, 110); otherbchara‘cters ar'e‘
decoded but not used. To indicate polarity of X and Y coordinates; thé :
minus character is é.lso decoded (Dwg. 109); in the absence of this

character, a number is assumed to be positive; hence no plus character

"is decoded and may be omitted from the tape.

Tape tracksA 1, 2, 3 and 4 contain the numeric data in Binary Coded
Decimal (BCD) form. This data is not decoded but is sent unchanged

to the Display, M N, S and desired input registers, each of which is

-enabled by its corresponding control character,

- 12 -



(3)

FUNCTION REGISTERS

(2)

(b)

(c)

M Register

The M fun;:tion flip-flop (Dwg. 185 ) is set by thé M control
?haracter and generéfes cléck pulses MCK, - one pulse is |
generated for each numeric ;haracfer received. The M register
(Dwé. 114 ) holds a twb—digit BCD numi)er, Most Significant
Digit (MSD) first. If the M field contains more than two digits,
only tﬁe last two digits will be p.réserved in the M register. The
outputs from the M register are fed to eight reléys (Dwg. 192 )

which are used to perform specialvdisplay or other functions.

N Register

The processing of the N field for energizing bin lights is almost

iden_tica.llto the M field processing. The N function flip-flop

" (Dwg. 185 ) is set by the N control character and generates

clock pulses NCK; one pulse is generated for each character received.

The N register (Dwg. 118 ) holds a two-digit BCD number, MSD

first; thus, only the last two digits of the N field will be preserved
in it. The outputs from this register drive eight relayé (Dwg. 193)
which are encoded to energize the bin lights.

Diéplay Register ) )

The d{splay register is operated by the N field and is acﬁxally a
second register for it. The N fﬁnétion fli?-flop (Dwg. 185)
generates clock pulsés which are used to shift the N-field digits

into the diéplay register, This register is six digits long; each

digit is represented by seven flip-flops. Each digit passes through
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a BCD;to-seven-se‘gment decoder (Dwg. yl 67 ) before entering

the display register.. Data enters MSD first from the Least

Signifi;:ant Digit (LSD) end of the register, The N control .

character sets this register to all zeros; thus the register is

completely reset before new data s.tarts shifting in. This‘ma!;:es

the register automatically right justified if the N field is fewer

than six ‘characters. Each flip-flop in t.he register feeds a high

currént driver which goes to the display connector J06. This

connector mates with a six digit, seven-segmént mosaic indicator panel,
(d) S Register

The'S function clock (Dwg. 103 ) is s;et by lthe S control character;

this develops a s'ingle pulse to enter th.e following»numgric character

into the S function register. The ovutput‘ of thié single-digit, four -bit

register is .deCOde;:l, sent tq display connector J06, and used to

energize the wire route lights,
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(4) X AND Y FUNCTIONS
(a) Input, Conversion, ;.nd Desired Registers

.'I‘he,X and Y fields are each processed in an identical manner.
bafa are read from the tape one digit at a time, MSD first. If
the Dial Offset Switch (DOS) on .the‘rear panel is on, the data
from the manual entry switches is added to eézch coordinate
after it is read from the tape.
Four fegisters are involved:

Input Régister (Dwg. 121 ),

Conversion Register (Dwg. 122, 123, 124),

X Desired Register (XD) (Dwg. 127, 128, 131),

Y Desired Register (YD), (Dwg. | 129, 130, 131).
Although tape and manual data are in BCD, a.llA internal data
processing is in bi.nary. Therefore, BCD to binary conversion is
necessary. This conversion is controlled by the Digit Time
Counter (Dwg. 186 ' ) a six-bit flip-flop ring (DTl-bTé) that
indicates which digit is being processed. It is usually held to
all zeros. An X or Y control character sets DT1; at the same
‘time, a sign flip-flop, IR5,(Dwg. 126 )is setto indicate PLUS,
If the next character on tape is a minus sign, IR5 is reset to
indicate MINUS: if the character following the X or Y control
character is a plus sign or a number chafacter (the plus sign
may be omitted) the fl?p-ﬂop remains set. When a number
character is received, a modulo 24 binary counter (the Bit Time

Counter, Dwg. 184 ) is allowed to count. When it reaches 24
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- (BC24) it causes DTl to be reset and DT2 to be set. This
condition remains static until the next digit is read

(approximately 6. 6 milliseconds for a tyéical ta;pe reader), at
which time BC24 is again allowed to count. Al count 24, DT2

is reset and DT3 is set. This fepeats down tbrough DT6Y. At
count 24 of DT6, the entire X or Y coordinate field has been pro-
cessed, The X- or Y- Data Bits Tape flip-flop (Dwg. 186),

wiuich was set by the X or Y control character, is réset by the
combination of DT6 and BC 24. This comﬁination also sets tﬁ'e

X- or Y- Dials Time flip-flop (Dwé. 186 ) and causes the Bit
.a.m‘i Digit Time cgunferé to repeat the above pr'oéess. 'i‘his time
the appropriate X or Y set of manual data switc;hes is réad. bexe
DT ring counts but does not stop at gach’BC24 count, since fhe
data from all switches are immediately available, If the DOS
switch is on, the da.taj' will be read as indicated b&r the switch §et£ings;
if DOS is off tl;é logic will go 'fhrough the motions and r;ead as if all

switches were set to zero.

The BCD to Binary conversion is done serially, MSD first. As a
numb;ar character is read, if is parallel loaaed into the Input
Régister (IR) (Dwg. 121 ). IR is a four-biﬂt pérallel‘-iAn’, serial-out-
shift register. The Bit Tirﬁe Counter (Dwg. 184 ) cé.uses IR and
the Conversion Register (CR) (Dwg.124, 123, 122) to st'.'art shiftingA
(CR is initially set to z.ero). The output of IR (IRi) is added to the

| output of CR (CRO1) in a serial binary adder (Dwg. 125 ). Each

BCD digit from IR is added to the binary output of CR as though it

- 16 -



were a binary number. The answer is multiplied by ten in
binary by passing the output of the adder through a th;'ee-bit

shift register. Eaéh flip-flop of tl.le register delays the data by
one clock time. It is the property of serial binary n.urnbersl

that a stage of delay doubles the number; hence the outpﬁt of the
first stage (2X) is two times the sum and the output of the third
stage (8X) is eight times the sum, The'terms 2X and 8X are
a;:lded'together in a second serieil binary addell. The output of tl;lis

adder (SUM2) is then ten times the output of the first adder and is

shifted back into CR. When the second BCD character is received,

the above process is repeated and continues until DT6 time. At

DT6 time the output of the first adder is gated to the input of the

X Desired Register (XD), (Dwg. 127, 128, 131), ifan X field is -

being p'roceésed, or to the Y Desired Register (YD) if a Y field is

being processed (Dwg.. 129, 130, 131). | ,

“When the input data contains a MINUS sign, the first adder's input
becomes the inverse of IR (IR) plus 1. This produces the two's
complement of the input number and is the way negative binary

‘numbers are processed in this system.

If trailing zeros are omitted from a tape coordinate (which is per-
mitted) it is detected by‘ the recognition of a control cha)racter
before DT6 has been processed. When this happens the Digit
Time and Bit Time counters continue to cycle without stopping

until BC24 count of DT6. The worst case is five trailing zeros
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omitted and the total time to cycle out is 120 microseconds
while the 1.:ime td read one character from tape is apﬁroximately
6.6 .milliseconds. Therefore, nvo data will be lost. Once XD and
YD aré loaded, they cannot be altered until a new data block is
read.
(b). 'I‘achomefer Input and Control Time Counter
Siénal puis es from optical tacho‘m‘eters (encoders, a;cfua.lly)
moubnt'ed.on‘ the X and Y motor shé;fts are sent to the Logic Section
and synchronized to the system clock (DQg. 119, 120). Four. pos;ible
;:ontrol pulses are génerated: JXUP, JXDN, JYUP and JYDN,
.These pulse:s are sent to the Motor Cor;trol and Power Am;plifier
_circuits '(Dwgs. 1 15,.116,117) to provide a-motor feedback voltage
proportic;nal to machine vélo;ity. These pulses are é._iso ‘synthonierd
~and gated with four Control Time Counter signals (Dwg.. 143),
These timing signals, CT1 thru CT4, are gene‘rated by a cyciic
~ modulo 4 counter,and select which of four operations are to be
performed by the actual position registers (XA and YA) and their
associated summming logic: |
CTl: , XA is incremented +>1 if IXUP is true,
=1 if JXDN is t?ue,
0 if JXUP and JXDN
are bgth false or both
true.
cT2: YA is incremented + 1 if JXUP is true,
- 1if JXDN is true,
0 is JXUP and JXDN ére

both false or both true.
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(c)

(@)

CT3: . XD-XA = AX is calculated.

CT4: 'YD-YA = AY is calculated.

Actual Registers and Adder Logic

The XA and YA registers (Dwgs. 137 thru 142) are each 24 bits

" long (23 magnitude bits and one sign bit). These registers are

gated into the B-‘ inputs of a 24-bit éara_llel binary adder /subtractor °
(Dwgs. 137 thru 142), The outputs of the desired registers are gated'
with CTB and CT4 (Dwgs. 132 thru 135) aan gated into the A-. inputs
of the adder, along with the DOWN pulses from the tachometéfs

(AGG Dwg. 143 ). The UP pulses from the tachometers are fed to |

"thé carry input of the adder (Dwg. 142 ), Since the Control Time

COl;mtervis a.lways‘ running, the dperations controlled by it (Par'a. (b)
above) are always current. At CT3 and CT4 the output of the.
parallel adder represents the values of AX and AY respectively,
which indicate the distance left to travel to the desiréd stopping
point.

Digital-To-Analog anverters

One Digital-to-Analog Converter (DAC) is used for each axis

(Dwgs. 155 thru 165). The AX and AY values are each 24-bit

numbers but only ten bits-are fed to the DAC's: 1 thru 5 (LSBs)
9 thru 12 (MSB%) and the 24th, or sign bit. .

When the distance to travel is between 0. 0031 and 0. 40é5 inch,
the MSB's decrement each 0. 0256 inch of travel while the L.SB's

are held full scale. From 0.0031 inch to the stopping point, the
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LSB's decrement each 0. 0001 inch .of travel. Treating the DAC;S
in this fashion genexza.tes a non-linear decelleration profile.' If

the machine overshoots the stopping point, the Avalue will' change
sighs, -causing the sign of the DAC to change, resulting in a reverse

motor drive signal.

Due to the non-linear input and the fact-that there are various
rhanﬁally controlled digital inpu{ts to the systeﬁ, the DAC’s.require
some gating and timing (Dwgs. 147, 153, 154, 175) to‘c;nntr'ol’these
functions. The MSB's and LSB's are clocked into theADAC's. |

separately (Dwg. 154).

| A ten-bit input s;‘.oi'agé regiéter‘is usea on each D_AC (Dwgs. 155 thru 158).
The outpﬁt of each register is fed to a p_recisiéﬁ summing network
through tra_nsistor‘ switches. These switches are NPN transistors

and are deliberately instaﬁled upside-down (i. e. emitter to + a.r;d
collector groupded).‘ This results in a very low gain factor

(2 to 3-1/2 typically) but also a véry low saturation voltage (60

millivolts or less)'. vThis greatly reduces errors caused by

~differences in saturation voltages between transistors. Since.the
bsumming points are fed to high input impedance amplifiers, gain

of switching stéges is not important here.
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(5 MOTOR CONTROL
The DAC outputs are fed to motor control amplifier circgits (Dwg 115;
one required for each axis) where the DAC signal is combined with
the tachometer pulses to provide the proper firing angle t§ SCR's on
the power '.amplifiers (Dwg. 116 & 117). A Motor Inhibit Circuit
(DWg. 148, 199.) is provided to prevent machine motion under specified

conditions: e.g. if the spindle is down and data is being shifted in.
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(6)

MOTOR INHIBIT

In order to prevent an annoying audible buzz from the mot_or.s due to the
power line frequency" supplied to them by thé SCR drive, the mot:o:rst
are turned off whenever they are not needed. This is referred to as
inhibiting the motors. (Refer to Page 148) The two signals le#ving ' A
the right of the page, INHY and INHX, inhibit tfle motors at all times,

except when the move flop is set, which causes the servo to be enabled

‘and the signé.l DACZ is not true, which means that the servo éystem has

not gotten into position, or a jog switch right - left or in-out has been
depressed or the signal AMS is true. AMS stands for any microswitch

but could be better expressed as any limit switch., These are the three

L4

‘conditions which can keep the motors on. Note that depressing the left-

right jog switch enables only the X motor and does not disturb the iqhibit
signal wlﬁch is applied to the Y motor.  Following these two s;lgnals _té N
Page 19§, they are further proc-essed. S5 shown on this page and
physically located at the back of the processor is labeled "inhibit over'-.
ridé". Actuating this switch completely defeats the inhibiting system and

causes the servo to remain active at all times, The input signal to the

OR gates located at 14R called Z-SAFE comes indirectly from the

machine being controlled by the processor. This signal inhibits both
motors whenever the Z axis, normally the up and down spindié motion

of a tool, is such that it would not be safe for the table to move. In thg
case of most machines, the Z axis is not safe at any f;ime the tool is not

in the uppermost poéition. Also, on Page 199, the RC ne'twork, comprised

of C14 and R105 and the two gates and one transistor associated with those
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components, provide a sllg.rial stretching network which delays the application
of the inhibit signal for approximately 100 milliseconds without delaying

the rern,oval of the inhibit signal. Delay is necessary because the signal
DACZ goes true as soon as the servo system comes into the error zone.

It is necessary to delay the application of the inhibi.t signal a sufficient

length of time to allow the servo system to completely settle within the

error zone before inhibit is applied, -

It should be noted that should the inhibit signal be applied to the motors
while the table is moving by the failure of the Z safe signal, no rdynamic

breaking is applied to the motors and the table will coast to a stop.

- 23 -



ADJUSTMENTS

This procedure isAapp‘licable to controllers using motor amp board, Parbt
Number | |
A. DAC BALANCING PROCEDURE
‘This is a simple procedure which is used to correct small drifts whiv‘ch
occur within the DAC system,
1. Turn on system, allow to warmup for 1/2 h9ur, preferably .
longer. Open the back dc?or, ;ver-ride the interlpck. by pulling.
' ’on the plunger. .
2. Place the INHIBIT OVERRIDE switch UP.
3. ‘Jog the @achine to the api)roximate center of fhé available
’tre‘a.'vel.j
4, Adjust the X DAC BALANCE and Y DAC .BALANCE potentiometers
which are located on the DAC board and i&entiﬁed by sc;'eening |
on the chassié for either of the followir;g balance ‘c;.riterié.,:
a. Balancg indicated by motor pulley remaining staﬁonary.
Observing the tablev or the head is not good enough. 1If ‘
necess:ary, use two' peoi:le, one observing the pulley, and
the other turning the pot. 1If the pot ca:n be 'turned more than
a few degrees between the points whére the motor moves in
opposite directions, set the pot approximately haif way
betweén these two points. If you can turn theéot 1/2 turn

without the motor moving, something is wrong.

- 24 -



b. Balance indicated by zero volts on a meter connected
between the RED and BLACK test jacks (current test, ground)
on the back of the motor drive chassis (not on ADAC board).
Any meter with a sensitivity of approximately 1‘volt full
scale will do fine. It ngéd not. be a zero-éenter meter,
’although that is a convenience. The procedure is stréight
forward. Adjust the appropriate balance pot foi' zero reading
on the 'meter. With some controllers, there is a tendency for{
the meter to '"pop" from one polarity to the §fher, rather
than passing through zero smoothly.
,'When both axeé have been balanced, pl.ace the INHIBIT OVERRIDE _
~switch in the DOW‘N position and verify ‘proper operation of jthé
servo by setting move distaﬁce into the X and Y manugl entry ;
switches and exercising .the ser‘}o by use of the INDEX vand RETURN'
to ZERO switches. Exercise the servé with moves of lQ‘inc};es, |
1 inch, 0.1 inch, 0.01 inch. The servo.shéuld éettle smoothly
without buzzing, 'hﬁntiné or hesitation for all mo‘ves. The servo

is "in position' when the light in the index switch comes on.
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SERVO ADJUSTMENT PROCEDURE

This procedure adjusts the balance, overlap and speed of the servo

system. It is intended to be used whenever parts are replaced on the

DAC board or the motor control boards or the power supplies associated

with either, and as a PM procedure, approximately monthly.

1.

Open the back door, defeat the interlock,' turn the system on and
allow it to warm up for at least 1/2 hour, preferably longer.
Place the INHIBIT OVERRIDE switch UP.

N ,

Jog the machine to the approximate center of its available travel.

' Open the MOTOR ARMATURE BREAKERS, CB 2 and CB 5.

Connect a sensitive meter between the RED and BLACK test points

- on the DAC board (REPEAT -- DAC BOARD). A voltmeter with

a full scale indication of 0. 6 volts or a current 250 micro amps

-F'S or less will be suitable. .

Adjust the X- DAC BALANCE or Y DAC BALANCE pot on the.DAC' |
board near the center to bring the meter to zero. Balance bot;h

X and Y using the appropriate test points and pot.

If the meter "will not qu‘ite zero, back the pot away from the end

of its travel by two turns and leave it there., Some DAC boards

gradually acquire so much offset that they will not balance. This

‘can be compensated for in the motor amp board, however.

Connect a dual trace oscilloscope using 10 to 1 pifo’bes to the

 YELLOW BALANCE/OVERLAP test jacks for the X axis. Ground

the scope to the black test jack (Fig. 1). Do not use 3 rd wire
ground on scope. Adjust the scope for a presentation like Fig. 3;

use line synchronization. If unable to get at least one ramp,
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10.

11,

- 12,

13,

14,

as shown in Fig. 3, verify that INHIBIT OVERRIDE is up and

momentarily depress any jog switch.

- Adjust the balance potentiometer on the motor control board

(Fig. 1) to bring the firing time on the two waveforms into
coincidence.

Adjust the OVERLAP potentiometer (Fig. 1) for overlap = 0.4

millisecond + 0.1 millisecond. ‘If neces‘sary, touch up the balance.

Repeat steps 8 through 10 for the Y axis.

Return the inhibit override switch to the down position. Return

the circuit breakers to their normal position.

. Exercise the system in one axis at a fime, using alternate INDEX

and’ RETURN'TO ZERO commands and 16 inch moves. Thé move

should be completed within 3 seconds. The overshoot should nof,

exceed 0.1 inch., Nocte that this is 1/2 revolution of the motor

pulley.

If the speed is not satisfactory, it may be adjusted using thev
VELOCITY FEEDBACK pot (Fig. .1)' This adjustment is a
compromise between speed and overshoot. If the VELOCITY
FEEDBACK is moved, check steps 9 and 10. This completes the

adjustment procedure,
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JOG SPEED ADJUSTMENTS

The machine provides two independeﬁt jog speeds; FAST JOG with

the r;)tary selectro switch in MANUAL, SLOW JOG with the selector
switch in SLOW JOG. |

These speeds may be adjusted over a wide range to suit the needs or
préferences of the individual user. "i[‘here are aAtotaI of 8 potentiometers

on the DAC board which control these speeds... Each axis, sp-eed,

‘direction has its own pot.

X slowv -

,fi-X'slow + |

X fast - ”
}‘(‘ f#st + H
Y slow -

Y slow +
Y fa;st -
Y fast +

Adjustment of the jog speeds will not affect the servo positioning speeds.

Adjustment of the servo positioning speed will affect the jog speeds.
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X @IS | .
Velocity Fe« Tack Adjust R43 — — - I - » -
Overiap Acnus» R13 '
Gain Adjust R46
Bal. Adj. R12-
Stability -Adjust’ R47
Motor Control Card
Balance /Overlap Test (Yel)

Balance /Overlap Test (Yel)
Motor Armiture Ckt, Brkr, CB3

Y AXIS
Balarce /Overlap Test (Yel) -
Balance /Overlap Test (Yel)
~ AC Input Ckt, Brkr CB4 |
) ; . . - Motor Armiture Ckt, Brks -:
__7 ‘ N , ' N ' lr— Motor Armiture Ckt, Brkr CH

Motor Armiture Ckt, Brkr, CB2
AC Input Ckt. Brkr CBl

AC Power Input
Motor Trans, J1 -
Motor Connector Jb6
Gnd Test (Blk)
Current Test (Red)
Not Used (Org)
Velocity Feedback Adj R43
Overlap Adjust R13
Gain Adjust R46
Balance Adjust R12
Stability Adjust R47 - ..
Motor Control Card -

DAC, Feedback, /
DC Volts J2 :

Motor Connector J4
Not Used (Org)
Current Test (Red)
Gnd Test (Blk)
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PREVENTIVE MAINTENANCE

The 1800 controller requires.little preventive maintenance., It is our experience
however, that regular performance of the following checks and adjustments will

materially reduce the occurrence of field failures.

Weekly perform the following:
1. Perform the DAC balancing procedures: Note that this procedure
B shéuld not be performed until the machine has warmed ui) for
:”1'/2 hr._, preferably longer.
2, While the rear‘ door is open, check to see that the fans in the
| Abottorr’l of the controllef and fhe fan which bld;ﬁ{S air on the:
procéssor logic panel and the fa.p whicll"x cools the motor control

drawer are all operating.

3. Check front panel control switches for normal operation,
4, Check lamps and indicators for normal opération.
Monthly:
1. Check the five volt logic supply voltage on the logic panel. Use

a meter with a working accuracy of 1% at 5 volts on the scale
which you are using. The supply voltagevis required to be 5,0
volts + 0.1 volt. If the voltage is found to be outside of this

‘range, before adjusting the power supply, check the connections
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in the supply lines tob the logic panel: The screws in the terminal
boards in the bottom of the processor, the connectors at the back
of the processor, and the screws on the terminaL board of the
péwer supply. A surprising numBer of field calls have resulted
from improper supply voltageé due to poor connections at these
point;s. If you don't find the problem at ox;e of these points, then
rea;djust the power supply voltage to érovide 5 voits 'at the logic
panel. | Aépfoximately 5.4 volts will be required at the power
supply to provide 5.0 volts at the Iogic.panél_. There is approx-
ixlna.tely‘O. 2 volt drop in the supply line to the logic panelvand
the same in the return line. | | |

While the logic drawer is open, inspect the IC's for excessive

dirt build-up underneath the fan, If significant dirt is i)resent,

. B2

remove it with a soft brush and a vacuum cleaner.

With a soft brush, clean the dirt from around the read head of the

paper tape reader.

Perform the Servo Adjustment Procedure,
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Toggle Switches

" All switches, except ASC11/ElA,

are active in the up position,
ASC11/E1A is active in both positions,

Inhibit DOS ASCl1l1
ElA

Override

. DAC Adjustments | Auto | Adder
All adjustments are identified by panel silkscreen Index | Test-

00000,

L
JiI JI5| vz J3 | 12y (V6] [ J4 | |V |6 J7 J8 J9 JI3| |JI14
DAC::K . Bin Tape Limit Sw.| Remote | Drilling | Customer
ou Boxes Reader Foot Sw. Display | Machine Options
Y DCinput DG input Tachs Auto, Remote  Customer
‘ Spindle Switches Options

DAC out 20 v,2¢4v 5v
| . Fig. 2 | R
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