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CHAPTER 3
| COMPUTER MODE AND TIME SCALE CONTROL SYSTEM
3.1 INTRODUCTION
ol
- The modes of the analog computer are manually controlled by pushbuttons on the keyboard (see
Figure 3.1) or by patching logic signals to the proper patch terminals on the 0.12.1607 Control
Tray (see Figure 3.2). This chapter describes the analog mode portion of the keyboard and the
1 0.12.1607 Control Tray.
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J Figure 3.1. Mode Control Keyboard
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- Figure 3.2. Control Tray, Model 0.12,1607
3.2 ANALOG OPERATING AND SETUP MODES
= The analog portion of the computer can be placed in any one of three operating modes a
one of three setup modes. These modes, and the corresponding computer functions are s
o

marized in Tables 3.1 and 3. 2,
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Several alternate methods of controlling the computer modes are also available e
5 . e =
if two or more Computers are slaved together, the mode selection pushbuttons on " .y p
hbutton is de-
@ty computer can be used to contro] the modes of all computers. If the PP pus it -
pressed, the appropriate computer operating modes are controlled by inputs patched to the i
i re-
0.12.1607 Control Tray. Other methods of controlling the computer can be provided a's _
quired. The linkage equipment, added to the computer to provide full hybrid computation with =
a digital computer, is described in the manual provided with that equipment. Ay
Table 3.1. Definitions of Computer Operating Modes -
Mode Function <
OPERATE Integrators operate; Computer produces a dynamic solution
(OP) to a patched problem.
- -
HOLD Integrators do not operate; all values present at the time
(HD) the Zold mode is selected are retained. -
INITIAL CONDITION Integrators are set to initial values. S
(IC)
Table 3.2. Definition of Computer Setup Modes .
Mode Function -
STATIC TEST Similar to ¢nitial condition. Static test voltages can be applied -
(ST) to integrators not normally provided with initial condition volt-
ages, to permit checking computed levels at other parts of the [
Il)éograém via Function Relays. All INT and T/S are forced to
mode.
SET POT All amplifiers provideq with low impedance feedback to provide
(SP) correct attenuator loading. Reference voltage applied to high -
end of any pot selected for readout, so that the pot coefficient
may be read out. The seryo.amplifier 1S connected to the motor =
of an addressed pot, permitting the pot to be set. .
PROGRAM PANEL When this button is depressed the IC, HOLD, and op
: s ERAT
(PP) modes may be controlled by logic signals applied to the 64 lg: 1607 A
Control Tray patch block, This mode also causes the j B
timer to automatically start operation £ nternal =
3.3 ANALOG MODE AND TIME SCALE CONTROL, .
i implified block diagram showing the ana] . .
Figure 3.3 is a simp ' g nalog mode and time Scale control cjr-
cuits. The keyboard mode select inputs (or mode selection inputs from o~

an externa] control
g€ register,

decod

device) are connected through a binary coder to a three-bit gtopy, The 1l
e flip-flops in i

the registers are set into a different code for mode selection, A er circuj
Circuit following the
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register provides an output for each mode, and includes drive circuits that
- for the selected mode. The appropriate keyboard pushbutton lights, even

selected remotely.
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Figure 3.3. Analog Mode and Time Scale Control

The outputs representing the setup modes (SP
computer requiring setup control. The signals
patch panel control enable signal (PP) are conn
signal is not required by any com
nized as a hold selecti
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Consequently, when neither the operate nor the initial condition modes are selected, the com-
bination amplifier control circuits select the hold mode. Also note from the truth table that the
IC signal overrides the OP signal; if the OP signal is held at binary ONE, the integrators may
be switched between the OP and IC modes by switching only the IC signal.

If the PP signal is high, gating circuits in the control tray permit mode selection signals patched
to the OP and IC terminals to control the integrators. If nothing is patched to these terminals,
the integrators are automatically switched between the IC and OP modes at a rate determined by
the analog timer circuits. The OP and IC output signals from the control tray are connected
through bus bars and patching terminations to the integrator control circuits. However, indivi-
dual integrators may be controlled independently by applying a signal (external to the tray) to

the IC and OP control circuit inputs. A detailed description of the integrator control circuits is
provided in Chapter 3 Section 1 of the 580 Computing Components Manual (EAI Publication Num-
ber 00 800. 2057-0).

The analog time scale selection circuits are shown at the bottom of Figure 3.3. The integrators
in the 580 may operate at one of four time scales as selected by keyboard pushbuttons, by an
external device, and by integrator patching as shown in Figure 3.3. The selection signals are
stored in a register. The output of the register is connected to the TS bus line which controls
the TS relay in the integrator circuit. In the de-energized state the integrator is in the 1

sec mode. In the energized state the integrator is in the 2 millisecond mode. By patching

the FAST terminals (on the integrator patch block) together the four different time scales can

be accomplished. Table 3.3 indicates the different combinations and the resulting integrator
time scales.

Table 3.3. Integrator Time Scales

‘ Selection Integrator Fast Terminals Integrator Gain With
Signal Patched Together Time Scale Gain 1 Input
1 SEC YES 1.0 SEC 1
Ll SEC NO 0.1 SEC 10
| 2Ms YES 2.0 MS 500
NOr 0.2 MS 5000

refer to a standard integrator, with an input of 100K ohms
sed and the fast terminals on the integrator ar
re! by 1 volt per second per volt input.

For example,
€ patched together
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3.4 THEORY OF OPERATION

The following paragraphs describe the analog mode selection and analog timer portions of the
keyboard, and the 0.12.1607 Control Tray. For ease of description these circuits are described

separately.

3.4.1 Analog Mode Selection

The circuitry for the analog mode selection system is shown in Figure 3.4. The table at the
bottom of Figure 3.4 specifies the proper input and output logic levels of each flip-flop for the

different modes.
NOTE

Since the mode switches are momentary contact,
they must be held in the pushed position while
checking the logic levels at the input side of each

Jlip-flop.

The selection of a mode is initiated by depressing one of the analog mode pushbuttons on the key-
board. If two or more computers are slaved together, any computer in the group can control

the modes of the other computers if their remote (RMT) pushbutton has been depressed. Once

a particular mode pushbutton has been activated, the OR gates set or clear their respective
flip-flops. A combination of flip-flop outputs forces all of the inputs of the AND gate for the
mode selected to go low and its output is high. Since all of the circuits on the mode control

card are similar, only the IC mode is discussed in detail. When the IC mode pushbutton is
depressed, the input (pin 14) of gate 3a/4a and its output (pin 2) both go high. The clear input of
FF1 goes high forcing its 0 output terminal to go low. The high output of the IC switch is also
connected to inputs on gates 2a/4a and 1a/4a. The outputs of these gates force the set output 1)
of FF2 and FF3 to a low. The low signal from the set outputs of FF2 and FF3 and the low signal
from the clear output of FF1 are connected to pins 2, 1, and 14 respectively of AND gate 7a.
The three low level inputs on this gate forces its output and the IC output line high. The output
of gate 7a is also connected to inverter 5¢c. When the IC output goes high the output (pin 5) of
inverter 5c goes low, effectively grounding the input end of R5. The -20 volts through R6 to the

base of Q2 turns the transistor on grounding DS2 through the collector emitter path and the lamp
lights. .

All of the mode control signals (except for the hold signal) are connected to the 0.12,1607 Control
Tray. (Although a hold signal is generated it is not used since the lack of an IC and OP signal
automatically places the computer in the hold mode. )
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The static test (ST) signal is inverted by Q1 in the control tray and is applied as an ST signal to

the integrator and track/store trays.

The SP' output used in the integrator and track/store trays is generated by applying the SP signal
through buffer 2C and inverter Q1. The SP signal used in the integrator is generated by applying
the output of buffer 2C to the OR gate comprised of transistors Q2 and Q3. The second input to
the OR gate is applied through the override hold (ORH), patch terminal on the control tray. A
high at either input to the OR gate forces its output and the SP line low.

Since the OP and IC circuits in the control tray are identical in operation, only the IC circuit is
described. When the IC output from the mode control unit goes high the output of OR gate 4b
(pin 3) is forced low. The low is then applied to the input of inverter 3b. The high output from
the inverter drives the IC bus. Control of the IC and OP modes from patching terminals on the
control tray is possible if the PP mode on the keyboard is selected. The high PP output from
the mode control tray is inverted by 5b and applied as a low to pin 10 of AND gate 4b. A logic
high patched to the IC input is also inverted by another section of 5b and a low is also applied to
pin 9 of AND gate 4b. The two lows on the input of this gate force its output to go high. The
output of the AND gate (pin 8) is connected to the lamp circuit and the input (pin 13) of OR gate
4b. The high level at this point turns the IC lamp on and forces the output of OR gate 4b to go

low. Inverter 3b inverts the low output from the OR gate and drives the IC bus.
3.4.2 Analog Timer

The analog timer circuit provides a means of generating precise time intervals. The intervals
generated have time durations determined by the COMPUTER TIME SCALE switches and the
TIMER potentiometer and switches located on the keyboard. The time intervals established
by these controls may be used to control the analog modes of the computer for iterative or re-

petitive operation.

Figure 3.5 is a simplified schematic showing the major components of the timer. Refer to
this schematic for the following description.

Depending on whether or not the RMT switch has been activated, the time scale signal is gener-
ated by an external device or by depressing either the 1S or 2MS pushbutton on the keyboard.

For purposes of description, assume that the time scale signal is to be generated from the key-
board. When the 1S pushbutton ig depressed, the set input of the flip-flop, located on the

0.51. 0363 Rep-Op Time Scale Card, goes high, the 1 output of the flip-flop goes low and the 0
output goes high. The low at the 1 output is inverted by Q3 to the coil of relay K1 and the relay
is retained in the non-energized state, The high from the 0 output of the flip-flop is inverted,

essentially grounding the base of Q2 through R11, the base goes negative and the transistor con-
ducts causing the 1S lamp to light.
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When the 2MS pushbutton is depressed, the 0 output goes low and the 1 output goes high, the 2MS
lamp circuit is activated and the lamp lights. Transistor Q3 inverts the high level from the 1 out-

Put, the input and output of the driver are both low, and the relay is energized.

The condition of relay K1 determines the amount of reference voltage to be applied to the A
and A Potentiometers. In the 1S mode the reference voltage is applied through 100K resistors.

In the 2MS mode the reference voltage is applied directly, through the relay contacts, to the
top of the A and A potentiometers.

This voltage, picked off the pots at the wiper, is fed through a series of resistors and field effect
transistors (FET) Q2 or Q9 to the input of the integrator. The integrator rate is determined by

feedback capacitors (C1 through C5) which are selected by the 0.1, 1.0, and 10X pushbuttons,
‘ shown at the upper right of Figure 3.5.

Prior to operating the ahalog timer it is necessary to patch a high to the Run terminal on the
Control Tray or to activate the PP pushbutton on the keyboard. If neither the RUN or PP inputs
(located at the bottom center of Figure 3.5) are high, the input and output of emitter follower

= ' Ql4arelow. The inverter in series with Q14 has a high output and forward biases Q7 whichis con-

nected as a diode. The high at the collector of Q7 also forward biases CR6 and CR7 connecting
a positive voltage to the base of transistors Q3 and Q4. With the base of Q3 and Q4 negative the
transistors conduct and the gates of FET Q2 and Q9 are negative, pinching off the FET's. The
negative voltage at the gate of each FET also serves to saturate Q1 and Q8, grounding the IC and
OP input lines. The high at the emitter of Q7 is also applied to the inverter in series with Q13.
The low output of the inverter back biases Q13 (connected as a diode) and its output is at zero
volt. The base of Q12 is more positive than the emitter (-6 volts), the transistor conducts,
pinching off FET Q10 and saturates transistor Q11. With this circuit configuration, the inte-
grator input is grounded and the feedback capacitors are replaced by a 10K feedback resistor

(R22).

When the RUN and PP lines are high the feedback resistor ig removed from the integrator and
the IC and OP FET's are controlled by internal circuitry ag described below

In the OP mode, reference is applied through FET Q9 to the Integrator input The output of
(positive current) is applied to the input of amplifier AR], Negative current is
to the amplifier input from -Ref through resistors R26 ang R27. When the inte

3 mﬂ tmrrent ?’a’pf;mﬂmﬁttely 1 ma) the output of ampli-
- Of the rep-op timer carq, The low

tray is 1oy, With the AR1 output
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low, the IC line, which is complementary to the OP line, goes high (patch terminal A on the
control tray is high). The low OP signal turns on transistor Q5, its collector goes positive
turning on Q4. When Q4 is saturated its collector goes negative, pinching off the OP FET Q9
and grounds the FET input by saturating transistor Q8. The negative voltage used to pinch off
FET Q9 is also applied to the base of Q15, turning the transistor on and grounding the reference
through R27 and R29.

When the OP line goes low and transistor Q5 conducts, the emitter of Q6 becomes less positive
than its base and cuts off. With the drive voltage removed from Q3 it is in turn cut off, the
gate of the IC FET (Q2) is biased positive and conducts, putting the integrator in the IC mode.
The slight positive on the gate of the FET also cuts off transistor Q1 and the IC input line is
lifted off ground.

In the IC mode, the integrator feedback capacitors charge to a point that the comparator output
again changes state and goes high. The output of AR1 is inverted and the IC line goes low

(patch terminal A on the control tray goes low). The low on the IC line is inverted and the OP
line goes high (patch terminal A on the control tray goes high). The low onthe OP line cuts off
Q5 which in turn cuts off Q4 removing the negative voltage from the gate of Q9. FET Q9 is i
turned on by a slight positive bias, Q8 and Q15 are turned off. When Q5 is cut off, Q6 and Q3
conduct andthe IC FET (Q2) is pinched off and Q1 conducts grounding the I'C input signal.

3.4.3 Control Tray, Model 0.12.1607 T,

The 0.12.1607 Control Tray contains control circuits used with the mode control operation of -1
the 580 Computer and control circuits for peripheral equipment. The following paragraph»s mms- :
tain the theory of operation for those control circuits associated with per:
circuits associated with the mode control of the computer are described

3.4.3.1  Pen Control Circuit, The pen control ¢
the DN patch terminal to pin N of connector A8 (PJL Ca ing f
control signal to the pen down circuit located in v,@]
be lowered to the plotting surface while a low (C
For a description of the pen down circuit

. T R W W W e e e e e e e



Sistor Q4 on and its collector goes positive.
reduce the

Q3 conducts and -20 volts 1s applied, through cabling, to the control circuits in the recorder.

R7 (A8) P2

J CHART ON OUTPUT

N : -20V

Figure 3.6. Chart Control Cirvcuit

A low at CHT ON patch terminal cuts off Q3 and no current flows through the voltage divider.
Under these conditions, the emitter and base of Q3 are at approximately the same voltage and
the transistor is cut off, removing the -20 volts from the recorder control circuit.

Diode CR7 protects transistor Q4 from any negative voltage that may be inadvertently patched
o the CHT ON terminal.

3.4.3.3 Blanking Civcuit. The blanking circuit consistin,

g of an inverter, Q5,
mitter-follower, Q6, is used to blank the Rep

-Op Scope when the IC or the Z patch

Pl

8 <\BLANKING ouT

Q5 is low and the output of

the scope connector

Resistors R8 and R14 act as a voltage divider and
-20 volts making the base of Q3 less negative than its emitter. Under these conditions

go high. Refer to Figure 3.7 and Schematic D00 012 1616 0S for the following descrip-

COMPUTER MODE AND TIME SCALE CONTROL SYSTEM
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3.4.3.4 Trunk Civcuils. Many of the patch terminations on the ci
used to give convenient inputs or output to readout devices or circuits not otk
' on the patch panel. The trunk circuits, which consist of straight-through wirir
associated patching terminations are described in the sections or manuals deﬂ.lm with 1

' function. Figure 3.8 shows the patch terminals and their ultimate destinations. L

3.5 MAINTENANCE AND TROUBLESHOOTING | -
3.5.1 Maintenance

The mode control components require no routine maintenance or adjustments.

3.5.2 Troubleshooting

The problems that may develop in the mode control circuits are usually dne to ﬁh_F

diode, transistor, or an integrated circuit element; rarely due to the failw rel@f a

B8 El g
<Z&—> kBI2-1
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o I : i onent
T or other passive component. Often, a problem can be isolated to a single comp

ol ing the
) of components simply by depressing the mode selection pushbuttons B oPservmf%
> then referring to Figures 3.4 through 3.7. If the problem is more difficult to iso-

1 points that may be useful in evaluating symptoms are summarized below:

1. The lights beneath the keyboard registers are driven from the outputs of the
mode or time scale registers. If the correct pushbutton for a selected mode

is illuminated, it can be assumed that this register is functioning properly.

2. If the analog mode registers appear to be operating properly, but none of the
integrators respond to the mode selection, the trouble is probably in the
0.12.1616 Control Card located in the 0.12. 1607 Control Tray. Select the
PP mode (analog) and patch an input to the IC terminal. The integrators
should be in the IC mode when this terminal is high. Similarly the integra-
tors should be in the operate mode when the OP terminal is high. Refer to

Figure 3. 4 to determine the components that could cause the symptoms ob-
served.
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