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SECTION 1
'GENERAL DESCRIPTION

1.1 SCOPE

This instruction manual provides installation, operating, and maintenance
instructions for the Model BUS-68005 MIL-STD-1553 Data Bus Exerciser, hereafter re-,
ferced to as the Exerciser. The Exceriser is exclusively designed and manufactured
by ILC Data Device Corporation, Bohemia, New York.

1.2 PURPOSE OF EQUIPMENT

The Exerciser is an instrument designed to assist in the development, test,
and maintenance of RTs, BCs and bus monitors configured for use in systems meeting
Aircraft Internal Time Division Command/Response Multiplex Data Bus MIL-STD-1553
raquirements. Y _ '

The Exerciser is packaged in a 3.47 .in. x 14.5 in. X 17.0 in. full rack
enclosure with a handle that can be used as a tilt-stand. It operates from either
115 VAC or 230 VAC 47-63 Hz power. With jts flexible manual or remote pro-
grammability and its error generation and detection, the Exerciser is ideal for
simulation of BCs or RTs for bench, field, or factory test applications.

For manua! operation, the instrument is equipped with ‘a 24-button keyboard and
display consisting of a 10-character alphanumeric readout and 12 LED indicators. The
display indicates:

1) Programmed and received message data on a word-by-word basis.

2) The unit's present programmed status. '

3) Real-time information including indications of bus activity and fault con-
ditions such as message error, response and transmitter timeouts.

For operation under the control of a host computer, the instrument is equipped
with an 8-bit tri-state parallel 1/0 port as well as RS-232 and 1IEEE-488 (GPIB)
norts. The unit is fully controllable through any of these interfaces. The
IEEE-488 interface incorporates DMA capability. o

When configured in the BC mode, the unit may be programmed to process up to
eight messages of up to 49 words each at a given time. Intermessage gap time may be
selected from 7 to 2047 us, in 1 us steps. The Exerciser evaluates the response to
each command, and flags and displays errors such as response time, continuity,
Manchester encoding, sync, parity, and high or low bit count or word count. Each
message has independent programmable parameters, including format, word count,
response time and interinessage gap time. The Exerciser implements BC-to-RT,
RT-to-BC, and RT-to-RT message transfer formats, as well as broadcast and mode code
commands. Furthermore, the Exerciser can be configured to simulate both the BC and
either of the RTs for an RT-to-RT transfer. Commands and responses are stored in
the Exerciser internal RAM, and may be viewed on a word-hy-word basis by means of a
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10-character front panel alphanumeric display or any of the remote 1/0 ports. These
formats are useful for exercising and testing RT devices. As a BC, a large number
of error conditions may be generated and detected. Induced error conditions include
word errors, such as Manchester encoding error in any bit position, parity error,
sync type, sync encoding, bit count, zero-crossing, mid-word and inter-word gap
errors, as well as wmessage errors such as incorrect word count, response and
transmitter timeout and various format errors.

Two Exercisers may be used to perform the Bus Switching test for dual re-
dundant RTs, as required by the SAE ASD-1 {formerly AE-9A) Production Test Plan, By
means of a simple 3-wire interface, it is possible to synchronize the start of bus
activity for the two instruments. Under either keyboard or remote I/0 control, the
delay time interval between the start of bus activity on the two redundant buses may
be programmed to be anywhere in the range from 0 to 2040 us, in 1 us steps. It is
also possible to perform the bus switching test using a single Exerciser in
conjunction with a BUS-68015 Noise Tester, under control of the 1EEE-488 (GPIB)
interface.

As an RT simulator, the Exerciser receives, validates, and stores data bus
commands containing any of its programmed addresses. Up to eight RTs can be simu-
1ated at one time. Each simulated RT address may be mapped to one or more Exerciser
memory blocks, allowing the Exerciser to transmit or receive multiple messages for
the same RT in real time. It responds to commands with status and data, as appro-
priate. Response time may be programmed from 6 to 31 us, in 1 us steps. Up to
eight messages of 49 words each may be stored at one time in the Exerciser's
internal RAM. These messages may be accessed via the keyboard for viewing on the
front panel alphanumeric display. The selectable formats are similar to the formats
for the BC mode, with the instrument capabie of simulating either or both the
transmitting and receiving RTs for RT-to-RT transfers. This feature enables the
unit to perform full characterization and testing of BCs. In the RT mode, as in the
BC mode, the Exerciser can generate and detect a similar repertoire of word,
message, and timing errors.

The Exerciser also inciudes a real-time monitor output port. In addition to
providing a 16-bit parallel representation of each word on the 1553 bus as it is
transmitted or received in real time, this port also provides indications of sync
type, data direction, word errors, RT trigger word flag, Exerciser message block
number, and many other signals that may be used in various testing appiications.
The real-time monitor output port may be utilized as either a passive monitor
interface or as a high-speed parallel window to the bus when the Exerciser is in
either BC or RT mode.

Another feature included to support real-time operation is direct memory
access (DMA)} capability for the IEEE-488 (GPIB) interface. This provides a direct,
high-speed parallel link between a host computer and the Exerciser's message and
trigger RAMs, and control registers.

In either mode, the Exerciser is programmable for either single frame (one to
eight) messages or continuous operation. Also, the number of active message blocks
as BC, or the number of enablied RTs, is programmable from one to eight. As BC, the
frame (repetition) time is also a programmable parameter.

Other features of the Exerciser include relay-selectable 2-channel bus oper-
ation with a choice of direct or stub coupling from the front and rear panels,
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respactively. Additional features inciude sync outputs for osciiloscope viewing,
transmitted waveform amplitude variable via keyboard or host computer I1/0 control
(from 0 to 9.75 Vpp direct coupled) and a fully internal self-test routine performed
at power turn-on or following user command which exercises ROM, RAM, and most of the
Fxerciser front end components. The instrument also allows for selecting 120/240
VAC, (50/60 Hz) operation.

1.3  FEATURES

The most significant Exerciser capabilities are summarized as follows:

1)

Full imolementation of the protocol portion of the SAE ASD-1 (AE-9A)
Production Test Plan for MIL-STD-1553 RTs. For testing of dual redundant
RTs, two Exercisers, or ona Exerciser and one BUS-680Ll5 Noise Tester may
be used.

Ability to handle up to eight message blocks as BC or simulate up to eight
RTs.

Inclusion of a real-time monitor output port. This interface, which
provides a broadside parallel window to the activity on the 1553 bus, may
be used either as a passive background monitor or in conjunction with the
Exerciser’s BC or RT modes.

Timing requirements for MIL-STD-1553A as well as MIL-STD-1553B are
supported. These include programmable response times of 5 to 31 us (BC
mode), 6 to 31 us (RT mode) and a BC intermessage gap programmable from 7
to 2047 us. For the Exceriser, the response time-out value for an
external RT is programmable over the range of 5 to 32 us (per the
MIL-STD-1553B definition). In addition, a timer detects violations of the
minimum response time specification (4 us per MIL-STD-1553B, 2 us for
MIL-STD-1553A). :

For RT mode, capability to transmit or receive multiple blocks of data
from or to the same RT address in real time,

Trigger input and output signals, allowing two Exercisers to be synchro-
nized for testing of dual redundant RT operation.

Variable transmission amplitude via keyboard or remote 1/0 control.

Quasi dual redundancy, with channel A/B selection via keyboard or remote
1/0 control.

The transmitter amplitude level, programmable via either keyboard or host
1/0 control, is selectable from O to approximately 9.75 Vpp peak-to-peak
{(direct coupled across 35 ohms). _

Induced word error capability: Manchester, parity, bit count, sync, mid-
word gap, interword gap, and zero-crossing deviation errors. Halt-on-
error capability.

Manual operation via a 24-button keyboard and a 10-character dispiay.

Eight-bit tri-state parallel I1/0, RS-232 and TEEE-488 (GPIB) interface
ports provide communication to an ATE host computer. The IEEE-488
interface includes DMA capability to support high-speed testing.

Jser-friendly interactive CRT terminal operation via the RS-232 interface
port.
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14) Sync output provided for oscilloscope viewing.

15) Comprehensive built-in self-test capability exercises internal microcom-
puter and 1553 components. Inciudes diagnostics for failure of a 1553 bus
wraparound test.

16} Configured with a carry nandle which doubles as a tilt stand for bench
use. In addition, brackets are provided for full-rack, 19-inch mounting.

17) Switch-selectable 115/230 VAC {50/60 Hz) nperation.
1.4 OPTIONS

The Exerciser is available in a single configuration:
Equipped with an 8-bit tri-state parallel port, as well
as IFEE-488 {GPIB) and RS-232 interface ports.

1.5 EQUIPMENT SUPPLIED

Fach Exerciser is supplied with two triaxial cannectors for the 1553 bus 1/0,
a mating connector for Real Time Monitor/Trigger 1/0 port Ji15, a line cord, and two
full-rack mounting brackets and screws. Refer to paragraph 2.3.

1.6  PHYSICAL DESCRIPTION

The Exarciser instrument is a full-rack, lightweight instrument. Figure 1-1
illustrates the instrument with its carry-handle/tilt-stand, as supplied. By
removing the handle and installing the two provided brackets, the instrument is
easily installed in a standard 19 inch NEMA rack. (Refer to Figure 2-1(d).).

The ten 7-segnent. LED displays, along with 12 individual LED indicators, RUN
and HALT pushbuttons, and two 12-position keyboards, are mounted on a PC board,
which is situated behind the front panel. Figure 1-2 provides front and rear panel
views of the display board assembly. Other front panel features include a POWER
on/off switch, two triaxial connectors for the 1553 bus 1/0, and a BNC connector for
the Sync output,

Internally, the instrument embodies two main PC boards in addition to the
front panel display board. The two main boards connect to each other by means of
the display board and to the front and rear panels via four separate harness assem-
blies. {Refer to Figure 4-3.}

The top PC board may be accessed by removal of the instrunent's top cover.
(See Figure 1-3,) The top board contains all the circuitry used to interface with
the 1553 bus. This includes two isolating pulse transformers, a variable-amplitude
transceiver, an error-generating encoder, and an error-detecting decoder. The
transceiver is encased in a 24-pin hybrid package. The encoder and decoder are each
packaged in separate replaceable modules. A1l modules and integrated circuils are
mounted on sockets for ease of maintainahility. Other circuits mounted on the top
board perform the functions of message memory, clock generation, buffering, timing
sequence control and real-time monitor interface. Removal of the bottom cover
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B

Figure 1-1. BUS-68005, Front View

Figure 1-2.

(b)

Display Board (a) Front View, (b) Rear View
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Figure 1-3. Top Board

exposes the solder side of the board. Access to the component side of the bottom
board (see Figure 1-4) is achieved via the following procedure:

1} Remove the top and bottom covers.
2) Remove the front panel and display board.
3) Remove the top board.

The bottom board contains the power supply, microprocessor and interface sec-
tions. The power supply provides +24V, +5V, +15Y, and -15V to the rest of the
instrument. The microprocessor section, which inciudes program and scratchpad
memory, services the manual and remote 1/0s, and controls the operation of the 1553
interface. Circuitry for the five I/0 sections are on the bottom board as follows:

) KXeyboard Interface

) Display Interface

) 8-8Bit Tri-State Parallel 1/0

) IEEE-488 (GPIB) with DMA controlier 1/0
) RS-232 1/0

oW
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:1j_ﬂfigure 1-4. Bottom Board

The rear panel, shownifn Figure 1-5, contains the following connectors: POWER
connector (JL), 8-8IT PRL™ TRS 1/0 connector (J2), RS-232 connector (J3), GPIB
connector (J4), REAL TIME MONITOR/TRIGGER connector (J15), bus output BNC connectors
CH.A on and CH.B {J13) and SYNC UUTPUT connector (J14). In addition, included on
the rear panel are the following switches: GPIB ADDRESS switch (S9), I1/0 SELECT
switch ($8), and VOLTAGE SELECT switch (s2). A pressurizing fan with a guard and
mnesh filter are also mounted on the rear panel.

Figure 1-5. Rear Panel View
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1.7 TECHNICAL SPECIFICATIONS

Refor to the table helow for the technical specifications for the Exerciser.

Table 1-1. Exerciser Characteristics

PARAMETER

DATA BUS INTERFACE

Channels
Coupling
Transmitter

Qutput Voltage

Risa/Fall Time

Qutput Noise
Raceiver

Iaput Voltage

Input Impedance
Threshold Level

CMRR

BUS CONTROLLER MODE

Message Formats (NOTE 1)

Message Repetition

Massages Per Frame
Words Per Message

Intermessage Gap

Frame Time

-

VALUE

2 (user selectable)
Direct (front panel} or stub (rear panel)

Programmable: 0 to 9.75 Vpp nominal with 1 part
in 255 resolution

200 +/- 20 ns
10 mv peak-to-peak max (differential)

40 Vpp max {differential)
4K min (differential)

1 vpp typ (direct coupled}
40 dB min

N L e et v o 8 m ey R e e L R m k mf  r w b A A sm R E SR

RT-to-BC, BC-to-RT, RT-to-RT including any
combination of Mode Code and Broadcast

Single, Repeat, or Halt after a programmable
number (1 to 99} of Errors

Programmable 1 to 8

Programmable 1 to 49

Programmable 7 to 2047 us

Programmable 2 to 500 ms

NOTE:

{1) In BC mode, unit can simulate BC only, or BC and either RT, for RT-to-RT

transfer,
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Table 1-1.

Exerciser Characteristics - cont.

PARAMETER

VALUE

RT MODE
Message Formats (NOTE 2)

Message Repetition
_ Simulated RTs
- Response Time
- RT Address

Message RAM blocks per RT

address

e e e e R R e T

N SELF-TEST
(ccurrence
Circuitry Tested
Indication

lLamp Test

T R Y L L e -

MANUAL INPUT OPERATION

Type
Functions

LED Display
_ (7-Segment Displays)
- LED Indicators

RT-to-BC, BC-to-RT, RT-to-RT including any
combination of Mode Code and Broadcast

Single {1 to 8 messages) or Continuous

Programmable 1 to 8

Programmable 6 to 31 us

Programmable 0 to 31 transmitting or receiving;
independent address for each message block

Programmable 1 to 8

o sk . ma o = b A e < Pm W b R W o m =k = b SN R W e m MM mm o w o k dcE E ww mn

Power turn-on or following user command
Microprocessor RAM, ROM; Message RAM, Remote
Terminal Trigger RAM, MIL-STD-1553 Front-End
(Encoder/Decoder)
Pass, or Fail with fail code, plus diagnostics
in case of MIL-STD-1553 wraparound test failure
Blanks and illuminates all front panel LEDs

ok b kb kb o m mw em = = o w8 b MmO R e o P oA R e e w4l

Keyboard

Hex Data Entry 0 through F, Enter, Clear, Next
Word, Next Block, Program, Read, Self-Test,
Local, Single/Repeat, Mode, Format, RT Address,
Response Time, Intermessage Gap Time, Word
Count, Error Bit Position, Frame Time, Print,
Message Count, Channel Select, Internal/External
Trigger Select, Transmit Ampliitude, Response
Timeout, Halt-on-Error, Run, Halt

Block Number, Direction Indicator, Word Number,
16-Bit hex Data, 8-Bit hex Error Code

Local, Remote, Bus Controller, RT,
Single, Repeat, On-Line, Line Active, Bus Fauit,
Reply Timeout, Transmitter Timeout

N NOTE :

(2) In RT mode, unit can simulate either or both RTs, for RT-to-RT transfer,
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Table 1-1.

Fxerciser Characteristics - cont.

PARAMETER

VALUE

REMOTE INTERFACES

T it e R R Rl

PARALLEL I/0

Number of Lines

Loading
Input
Output

T e e B R R

e m mr m A b TR m P A MY W M rw W S R M m m omw

RS$-232 INTERFACE
Word Length

Received Parity
Baud Rate

e e R I e R R ]

REAL-TIME MONITOR PORT

Interface Bus Width
Qutputs _

Inputs

8-Bit Tri-State Parallel, RS-232 and
IEEE~488 {GPIB) with DMA

b o m m  m w e ek mk e N M i o e A M A e = =4 = o N M TR e v o S = S AR am o ew bl A

8 Bidirectional TTL Data Lines, TO~ T7; READ and —
WRITE TTL Request inputs; Transter Acknowledge
(TACK), Read Acknowledge (RACK), and Write
Acknow]edge (WACR ) open collector handshake out-
puts; SERVICE REQUEST open collector output.

1 TTL load for TO~T7, READ, WRITE
4 TTL loads for TO‘ﬂlT? 10 TTL loads for TACK
RACK,. WACK and SERVICE REQUEST

B ..-\.-_..-.o-‘--.-..«-_a..-.-.-.....-—_.—__.---.-.-..--...-._----.---«--_-.

The fo11ow1ng subset of the IEEE-488-1978 standard
is implemented : SH1, AHl, T6, L4, SR1, RL1,
pcl, bTl, CO.

et o R o o v = =k T P m e ML N G M W e e b N T R W s oA SRl

1 Start 8it (Mark), 8 Data Bits (No Parity), 1
Stop Bit (Mark)

Ignored

Factory configured for 9600 baud; selectable from
among 134.5,150,600,900,1200, 1800 2400, 4800,
7200,9600

v b b b ey e = i M o T e o E rmk E m m w m =A d EL T M e A ey TR M e G e

8,16,32-bit selectable
16-bit Data
Receive/Transmit i
Data/Command Sync Type o
VYalid Word

Word Ervors (5) |
Block Address (3} L
RT Trigger Word

Message Fault Indicators (3} o
Real-Time Signals (6) N

Tri-State Enables {5)
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Table 1-1.

Exerciser Characteristics - cont. -

PARAMETER

VALUE

ERRORS GENERATED

R S L L R P P L E R L R

Manchester Error
Parity Error

High or Low Bit Count
Sync Type Error

Sync Field Error

Word Gap Ervor
Message Gap Error

Zera-Crossing
Deviation Error

High or Low Word Count
Response Time Ervor
Format Error

ERRORS DETECTED

R L e R T LR R

e L b R R R T Y

Manchester Error

Parity Error

Bit Count Error

Word Count Error

Sync Type Error

Response Timeout

Minimum Response Time
Error

Transmitter Timeout

POWER INPUT

Voltage
Power
Freguency

OPERATING TEMPERATURE RANGE

Any bit position

Any word

Any word, -1, +1, +2 bits

Command or Data Word _

Incorrect first, third, fourth, or sixth
500 ns time window

1 us gap between 8th and 9th data bits

2 us gap between end of current word to start
of next word _

Start of bit time to mid-bit zerg-crossing
selectable from 312.5, 375, 625, 687.5 ns, any
{single) data bit position

Any message

Any message

Incorrect T/R bit any massage

PR Y A L L L L L R R R Y

Programmable, 5 to 32 us (per MIL-STD-1553B)

Less than 4 us (per MIL-STD-155338)
Greater than 800 us

o e v vk e e ekl e S N S SN U AR M TR e W W A AN R MR me ey W we ek R o —

115V/230V +/- 10% (switch-selectable}
G6OVA max
47-53 Hz

T LT L L e e e L R R R L R L L R L L L L L

329 F to 158° F (0° C to +70° C)
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Table 1-1., Exerciser Characteristics - cont.

PARAMETER ' VALUE
MECHANICAL
Dutiine 3.47 in. x 14,5 in. 5 x 17 in.
(9 cm x-37 cn x 43.2 cm)
Mounting Bench or full-rack, standard
WEIGHT | .18 Tbs (8.2 kg)
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SECTION 2
INSTALLATION AND OPERATION

2.1  INTRODUCTION

This section providas all necessary background information and detailed proce-
dures for installing and operating the Exerciser. All input and output connectors
are identified and a full discussion of the operation of the instruments by means of
the keyboard/display and the four remote interfaces is included. Background infor-
mation regarding the instrument's 1553 BC and RT simulation capabilities is imbedded
in this discussion. _—

2.2 PREPARATION FOR USE

The Exerciser 1is aperational in all respects as shipped from the factory.
Carefully remove instrument from packing material and inspect front and rear panels
for damage. Unless otherwise specified, the instrumeni is set at the factory for
115 VAC operation. This should be verified by checking the position of the VOLTAGE
SELECT switch on the rear panel. Should the instrument show any signs of damage,
notify the nearest ILC DATA DEVICE CORPORATION field representative immediately.

2.3  INSTALLATION

No special installation procedures are required for the instrument if it is
used with the carry handle/tilt stand as shipped. For full rack mounting (19 in.
rack), remove the handle and install the two rack adapters with the screws provided.
Instrument mounting dimensions are shown in Figure 2-1. :

2.4 CONNECTIONS

The mechanical outline drawing {Figure 2-1) also shows location of all instru-
ment panel switches, indicators and I/0 connectors. '

The Exerciser is supplied with a power line cord, Belden 4025U; two 1»b3 bus
mating connectors for the front and rear panel Channel A and B {v9, J10, JiZ2 and
J13),  Trompeter PL7%-47; and a mating conrector for REAL TIME MONITUR/TRIGGER
connector {J15), Amphenol 17-10500-1-390.

Also required but not supplied are mating connectors for:

o 8-Bit parallel tri-state 1/0 port (8-BIT PRL TRS I/0 connector J2); TRW
DB25S using backshell SDH-25BFCS.
o RS-232 port (connector J3); TRW DB25S using backshell SDH-25BFCS.

o TEEE-488 (GPIB) port; GPIB connector J4 (used to connect to TEEE-488 bus);
appropriate "GPIB" type 24-pin connector.
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o Male BNC type cable connectors may be used to connect to CH. A, CH. B
and SYNC output connectors (J11 and Jl4).

The internal and external schematic for the 1553 bus hook-up is shown in
Figure 2-2. The following points should be taken into account when connecting the
Exerciser to the 1553 bus:

1)

2)

3)

4)

5)

The instrument contains all necessary circuitry for direct or stub coup-
ling connection to a 1553 bus. However, it does not contain an internal
tarmination. This must be constructed external to the Exerciser, as indi-
cated in Figure 2-2.

To comply with MIL-STD-1553, the bus cabling should be comprised of
twisted, shielded, jacketed cable with a characteristic impedance in the
range of 70 to 85 ohms at 1 MHz. Trompeter 14949 cable is an example of
such a cable. The bus should be terminated with 70 ohm resistors at both
ands as shown to minimize reflections.

The instrument is configured as a quasi dual-redundant BC or Multi-RT sim-
ulator by means of an internal relay. This relay selects the active bus
from between CH. A (front panel connector J9, or rear panel connector J12)
and CH. B (front panel connector 'J10, or rear panel connector J13).

Front panel CH. A and CH. B ports (comnectors J9 and J10, raspectively)
provide a direct coupled connection to the 1553 bus. It should be noted
that MIL-STD-1553 allows for a maximum of 12 inches between a direct
coupled device and the 1553 bus.

For "non-system" type testing (e.q., Tlab bench) of individual BC or RT
devices, there is a more convenient hookup scheme which may be utilized.
This is illustrated in Figure 2-3.

The 35 ohm resistor simulates a properly terminated 70 ohm bus {as shown

in Figure 2-2). Although this configuration does not conform strictly to
MIL-STD-1553, it does allow for a simplified hookup scheme as compared to
that shown in Figure 2-2 without compromising the quality of the data bus
waveform.

Wwhen using the configuration indicated in Figure 2-3, the monitoring
oscilloscope must be configured as follows:

o Connect DATA to channel A.
o Connect DATA to channel B.

o The oscilloscope must be configured for add mode, with the channel B
input inverted. Select either 1 or 2 volts per vertical division.

o Connect Exerciser SYNC QUTPUT to the oscilloscope external trigger
input. Trigger from the positive slope of this signal.

o For best oscilloscope viewing, the 1553 bus shield wire must be con-
nected to chassis ground at both the Exerciser and device under test.
This minimizes the amount of 50/60 Hz common mode pickup on the DATA
and DATA lines. Although this pickup will not impair operation of the
Exerciser or device-under-test, it will tend to make oscilloscope
viewing difficult.
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Figure 2-3. Suggested Lab Bench Connection Diagram

6) Rear panel CH. A and CH. B ports (connectors J10 and J13, respectively)
provide for a stub, or transformer coupled connection to the 1553 bus. A
stub coupled device may be connected through a distance of up to 20 feet
(suggested maximum per MIL-STD-1553) and must be connected into the bus by
means of a coupling hox, comprised of a transformer and two 55 ohm resis-
tors, as shown in Figure 2-3.

7) Front panel SYNC OUTPUT port {(connector J11) and rear panel SYNC QUTPUT
port (connector J14) provide a TTL sync output to assist in oscilloscope
viewing of the 1553 bus waveform. In BC mode, the rising edge of the sync
output precedes the start of a frame's transmission by approximately the
time specified for the intermessage gap time (about 5 us minimum) for
message 1. In RT mode, this edge occurs about 22 us after the start of a
command word directed to one of the Exerciser's simulated RTs.

Pinout connections at the rear panel for the 8-bit tri-state parallel 1/0 port
(8-BIT PRL TRS I/0 connector J2), RS-232 port (RS-232 connector J3), IEEE-488 port
(GPIB connector J4) and REAL TIME MONITOR/TRIGGER connector J15 are given in Tables
2-1, 2-2, 2-3, and 2-4, respectively.
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Table 2-1. 8-Bit Parallel I/0 Connector J2 Pinout

J2 PIN FUNCTION DESCRIPTION
1 T7 (MSB)
2 T6 8-Bit
3 15 bidirectional parallel
4 T4 tri-state
5 T3 1/0 Tines
) T2
7 Tl
8 TO (LSB)
9 READ Read Command Input
10 WRITE Write Command Input
11 TACK Transfer Acknowledge Output
12 SERVICE REQUEST Service Request Output
13 SI1G. GND Signal Ground
14 RACK Read Acknowledge Output’
15 WACK Write Acknowledge Output
16 CHASS. GND Chassis Ground
Table 2-2. RS-232 Connector J3 Pinout
J3 PIN FUNCTION DESCRIPTION
1 PROTECTIVE GROUND Chassis Ground
2 TxD Transmit Data
3 RxD Receive Data
4 RTS Request to Send
5 CTS Clear to Send
7 SIGNAL GROUND Ground
8 Deb Data Carrier Detect
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Table 2-3. GPIB Connector J4 Pinout

J3 PIN . FUNCTION DESCRIPTION
1 D101 (LSB)
2 0102 Lower 4 data bits
3 B103 of GPIB Bus
a pIod
5 £01 End or Identify
6 DAV Data Available
7 RFD Not Ready for Data
8 DAC Not Data Accepted —
9 TFC Interface Clear
10 SRq Service Request
11 ATN: Attention
12 CHASSIS GROUND Chassis Ground
13 DI05
14 pI06 Upper 4 data bits
15 D107 of GPIB Bus
16 DIO8 (MSB)
17 REN " Remote Enable
18 GND - Ground
19 GND Ground
20 ~ GND Ground
21 GND Ground
22 GND Ground
23 - GND Ground

24 - GND Ground




Table 2-4,

REAL TIME MONITUR/TRIGGER Connector J15 Pinout

J1b PIN FUNCTION ¢ JESCRIPTION
1 MOM . TRANSMITTER TIMEOQUT Indicates:bus activity greater than
800 us
2 MONLFAULT ENABLE Enables tri-state outputs for pins 1, 31, 32
33 when low
3 RT TRIGGER WORD © Indicates Exerciser's RT Address in command
: © word when low
4 BLUCK ADDRESS 2 (MSB) Exerciser block address, G through 7
5 BLOCK ADDRESS 1 indicating message bYocks 1 through 8,
6 BLOCK ADDRESS U (LSB) _ respectively
7 MON,BLOCK ADDRESS ENABLE Enables tri-state outputs. for connector
pins 3, 4, 5, 6 when low
3 MON,FRAME ENABLE Ind1cates Exerc1ser on-1ine far BC or RT
operation
9 MONITOR BUS CYCLE ACTIVE Indicates that a message is: bn1ng processed
in BC or RT mode
i0 MONITOR LINE ACTIVE - Indicates activity on thé 1553 buq
11 MOMITOR EMCODER CLOCK 2 MHz encoder clock - low when noT
: transm1tt1ng
IVa TRIGGER QUTPUT Used to synchronize another Exerc1ser BC
transmission
13 TRIGGER INPUT Enables start of BC transm1ss1on in externa1
< trigger mode” o
14 MON, START -0F ~MESSAGE 125 ns pulse 1nd1cates start of a message
15 MO, END ~OF ~-ME SSAGE 125 ns pulse indicates end of a message
16 GROUND Ground
i7 GROUMD Ground ‘ ‘
18 MON . D2 3 LSBs of last transmitted or
19 MON.DL received word
20 MON,DO (LSB) (LSB)
21 MON,DATA LD ENABLE Enables tri-state outputs for pins 18-2U,
46-50 when Jow
22 RECEIVE/TRANSMIT Indicates current word in buffer was
transmitted by Exerciser when low
23 MON.VALID/INVALID WORD Indicates current word in buffer is valid
' L when tow
24 MON.DATA/CMD SYNC Indicates command/status sync type for current
word in buffer when low
25 MON,SYNC TYPE ERROR Indicates incorrect sync type for current word
if high
26 MON,PARITY ERROR Indicates parity error for word in buffer
: if high
27 MON ,MANCHESTER ERROR Indicates Manchester encoding error for word
in buffer if high
28 MON,LO BIT COUNT ERROR Indicates low bit count error for word in

buffer if high



Table 2-4. REAL TIME MONITOR/TRIGGER Connector J15 Pinout - cont.
J15 PIN FUNCTION DESCRIPTION
29 MON.HI BIT COUNT ERROR Indicates high bit count error for word in
: buffer if high

30 MON.ERROR ENABLE Enables tri-state outputs for pins 22 thru 29
when low

31 MON. WORD FLAG Always high (when enabled by pin 2 low)

32 MON. BUS FAULT Indicates word or word count error in current

= ' frame (8C mode) or current message (RT mode)

33 MON.REPLY TIMEOUT Indicates that an RT external to the Exerciser
has not responded in time

34 GROUND Ground

35 GROUND Ground

36 LOAD PULSE 125 ns negative pulse latches new data into
output buffer on falling edge

37 MON.D15 (MSB) ., {MSB)

38 MON.D14

39 MON.D13

40 MON.D12

11 MON.DL11 8 MSBs of last transmitted or received word

42 MON.D10

43 MON.D9 _ L

44 MON. D8

45 MON.D H Enables tri-state outputs for pins 37 thru 44

46 MON. D7

47 MON.D6

48 MON.D5 Part of last transmitted or received word

49 MON.D4

50 MON.D3
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2.5 OPERATING CONYROLS AND INDICATORS

The controls and indicators used in the operation of. the Exerciser. are shown
in Figure 2-1 and described in Table 2-5.

Table 2-5. Operating Controls énd Iﬁdigafors

ITEM

FUNCTION

FRONT PANEL
POWER Pushbutton ...ccvveamnnnss

RUN Pushbutton ...vevevrannrness

HALT Pushbutton .....evus rasanas

Alternatively apptiss and removes AC power to
the instrument.

Starts operation of the Exerciser's 1553 bus
processor.

If the instrument 1is in BC mode, it will
start processing of a single message or
multi-message frame.

1f the instrument is configured in BC single
mode, the frame is processed one time only
hefore the 1553 processor halts,

1f the instrument is configurad in BC repeat
mode, the frame of messages will repeat con-
tinuously until the- HALT - pushbutton. is
pressad, or, if running in Halt-On-Error "Re-
peat" BC mode, until the specified number of
erroneous message frames has been processed.

If the instrument is configured for single RT
operation, it will respond in recognition to
any one of its specified RT addresses and
halt following the processing of the number
of messages specified by the "Blocks per
Frame" or "Message Count" parameter. If an
insufficient number of such commands are
received, the instrument may he taken off-
line by pressing the HALT pushbutton.

In the "Repeat" RT operation, the instrument
will continue to respond to commands con-
taining any of its programmed addresses until
commanded to go off-Tine by pressing the HALT
pushbutton.

Causes the 1553 processor to halt operation.
(Refer to discussion on RUN pushbutton.)
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Table 2-5, Operating Controls and Indicators - cont.

ITEM -

FUNCTION

24-Butt0f‘l Keyb()af‘d.........-.o.--....

10-CHARACTER LED DISPLAY

BLOCK D‘ig‘it ......il_'.....i.......l..

DIR INdicalion cesesvssssssssssanssss

Provides for full manual control of instru-
ment operation. It enables hex data entry
and/or review of all command, status and data
words as well as decimal or hex {(as appropri-
ate) entry of all parameters (e.g., timing,
formatting, modes, etc.} relating to instru-
ment operation.

It should be noted that the sixteen (16) hex
data entry keys (denoted O through F) are
dual function keys. The upper case functions
are marked in red, while the hex data values
are marked in blue.

In order to activate one of the upper case
functions, it is necessary to first press the
red CNTL key; then, while still pressing
CNTL, the function key must be pressed.

A detailed description of the various key
functions and associated displays is given in
Tahle 2-14,

Displays number of message block currently
being programmed or reviewed.

This character indicates data direction for
currently displayed word. It will indicate
either "T", "P", "R", or "-", as follows:

T: Transmit Word

R: Received Word

P: Pending Received Word; that is,
either a word that is anticipated being
received prior to the processing of a mes-
sage, or a word that should have been re-
ceived 1in a particular position within a
message block, but was missing.

-1 The displayed word position is not
used for the current combination of Exerciser
mode (BC or RT) and the current block's
format and word count.



Operating Controls and Indicators - cont.

Table 2-5.
ITEM FUNCTION
WORD NO. +eeervenrneen tessenae N This indicates ,the position of the current

16-8IT

1 I

ERROR CODE +uvvennesvansns

INDIVIDUAL LED INDICATORS

llllllllllllllllllll

-------------------

word within current message block. "WORD NO"
will be a decimal number between 1 and 49,

This 4-character field is used to display a
4-digit. hex representation of the 16 bit
positions for all transmitted or received
command, status and data words. In addition,
it is used to display other numeric parameter
information such as format, programmed times,
RT addresses, error positions, etc.

For a detailed discussion, refer to Table
2"'].0.

This field displays the hex encoded error
information for currently displayed word.
Refer to Table 2-6 for error-coding for
transmitted and received words.

Indicates that the instrument is in local
{keyboard) mode of control.

Indicates that the instrument is under
control of one of the three remote [/0's.
The - active I/0 port 1is determined by the
setting of the 1/0 SELECT switch on rear
pane].

Indicates that the instrument is in the BC
maode of operation.

Indicates that the instrument is in the RT
mode of operation.

Indicates that the instrument is in monitor
terminal mode of operation. This mode is not
implemented in present the configuration of
Exerciser.

Indicates that the instrument is in single
mode of operation. That is, single frame for
BC mode, or single group of from 1 to 8
messages for RT mode.
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Table 2-5. Operating Controls and Indicators - cont.

ITEM

FUNCTION

REPEAT MY S YRS E R R A E N E N RN NN N RN

ON'LINE l-Ill.I..l.."..'.....ll.......

I-INE ACTIVE 'EERNEEERENRENRE N NN N RN NS/

BUS FAULT l.D-O'..l!‘..‘..'l..ll.l.ll.

REPLY T/OUT I.....‘.‘-...ll....'.....l.

XMTR T/OUT l.'....I.l'....'.._....'...'

2-14

Indicates that instrument is in repeat, or
continuous mode of operation. That is, it
will stay on-line until a halt command is
recaived.

A real-time display indicating that a 1553
bus message sequence is being processed by
the instrument.

A real-time display indicating that there is
activity on the 1553 bus; the activity may be
originating from the Exerciser or from an ex-
ternal device on the bus,

Indicates that either a message error has
occurred (instrument busy in repeat mode} or
has occurred in the received portion of a
message (instrument halted). The LED will
clear only after the message frame sequence
has been processed correctly, or following a
Self-Test or Initialization command.

Indicates that an RT device external to the
Exerciser has not responded within time spec-
ified by timeout parameter. Timeout is pro-
grammable from 5 to 32 us, per MIL-STD~15538.
An external RT that responds in less than
4 us {per MIL-STD-1553) will also cause the
REPLY T/OUT LED to illuminate. Similar to
the BUS FAULT LED, this indicator will clear
only after the fault has been corrected, or
following re-initialization.

Indicates that either the Exerciser or an ex-
ternal bus device has transmitted on the bus
for longer than 800 us. The XMTR T/0UT LED
will clear after the probiem has been cor-
rected or following re-initialization.



Table 2-5. Operating Controls and Indicators - cont.

ITEM FUNCTION

REAR PANEL

VOLTAGE SELECT Switch 115V/250V ..... Selects either 115 VAC or 250 VAC operation.
The position of this switch should be veri-
fied before applying AC power to instrument.

1/0 SELECT Switch PRL/GPIB/RS-232 ... Selects active remote interface from among
the 8-bit parallel (PRL) 1/0, IEEE-488 (GPIB)
and RS-232 interfaces.

It should be noted that:

1. This switch position shouid onty be
changed when Exerciser power is off.

2. Commands addressed to a non-selected
interface are ignored.

3. A print command (output} will be
transmitted via the RS-232 port even
if the RS-232 I/0 is not the cur-
rently selected interface,

GPIB ADDRESS Switch .ivvsenrisennnaes Designates unit's 5-bit device address for
selection over the IEEE-488 (GPIB) bus. The
bit positions (MSB-LSB) and logic sense (1-0)
are panel marked.

2.6 POWER TURN-ON DISPLAY SEQUENCE

AC power is supplied to the Exerciser via the external line cord to rear panel
POWER cannector Jl.

WARNING: Before applying AC power, it must be verified that the 115/230
VOLTAGE SELECT switch (S2) on the rear panel, is set to the appropriate house
voltage.

Power is appiied to the instrument by pressing POWER pushbutton (S1) on the
front panel. After power is applied, front panel LED displays should indicate the
following test sequence: (Each step in the sequence is displayed for approximately
1-2 seconds.)

1) A1l horizontal LEDs illuminate.

2) A1l LEDs turn off (blanking test).

3) A1)l LEDs illuminate (Tamp test).



4) Assuming self-test passes, pass will display in 16-8IT DATA field.

5) €ight dashes, followed by a 2-digit number represanting the current soft-
ware revision level, will be displayed,

6) IT 01 0840 00 will be displayed in the BLOCK, DIR, WORD NO., 16-BIT DATA
and ERROR CODE fields, respectively. In addition, the LOC, BC and SINGLE
individual LEDs wiil illuminate.

The self-test is a comprehensive software-controlled sequence that exercises
several key internal portions of the instrument. The self-test is comprised of five
parts:

i) Checkerboard and reverse checkerboard test of the microcomputer scratchpad
RAM,

2) Checksum test of the three EPROM devices that store the microprocessor
program.

3) Checkerboard test of the 1353 processor message RAM.
4} Checkerboard test of the RT address recognition (trigger) RAM.

5) An internal wraparound test of the 1553 front end. In this test, 47 test
words, including erronecus words, are internally transmitted from the en-
coder to the decoder (but not on the external 1553 bus). The received
words are then verified against the known correct patterns.

As noted above, the word PASS will displayed in the 16-BIT ULATA display,
provided that all parts of the self-test pass. Should one or more portions of the
self-test fail, the word FAIL will be indiated in the 16-BIT UATA field and a
2-digit hex fail code will be displayed in the ERROR CUDE field. The self-test fail
byte is encoded as follows:

BIT

WEIGHT

{HEX} 80 40 20 10 08 04 02 01

BIT NOT 1553 RT Message | EPROM EPROM EPROM EPROM

DESCRIP-| USED Front Trigger | RAM u21 23 uz24 22

TION {Always { End Wrap-| RAM Test Check- | Check- | Check~ | Check-

0) around Test Failed sum sum sum sum

Test Failed Failed | Failed | Failed | Failed
Failed

In the event of self-test failure, the display will continue to display the
word FAIL and the appropriate fail code indefinitely. However, the Exerciser can
still be forced to proceed to the next state, where it will display IT 01 0840 00,
by pressing the CLR key. The Exerciser may then be operated with the knowledge that
an internal fault condition exits.

If the self-test failure was due to a fault in the 1553 processor front end
wraparound test (fail code of 40}, it is possible to perform diagnostics. This is
done by repeatedly pressing a combination of the CNIL and READ keys. By so doing,
it is possible to get an indication of which test words failed and the received
incorrect patterns. This procedure is discussed in the troubleshooting section of
this manual in paragraph 4.4.
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After self-test passes (or fails, and having pressed CLR), the front panel
display will indicate:

1| T 0 1 ol gl a o o |o
BLOCK | DIR. WORD NO. 16-BIT DATA ERROR CODE

The BLOCK fiald indicates that the displayed word is in message block 1. This
field will always display a number between 1 and 8 when a 1553 message word is being
displayed. That is, as BC, the Exerciser processes from 1 to 8 message blocks. In
RT mode, the Exerciser can simulate from one to eight RTs. When the display is in-
dicating a parameter other than a 1553 word, the BLOCK display may or may not be
ysed, Refer to Table 2-6.

The DIR field indicates the direction of data flow over the 1553 bus for the
current word. In this case, the "T" indicates that the word currently displayed
will be transmitted by the Exerciser, In other instances, the DIR field may
indicate R {received word), P (pending received word) or - {(unused position in
message RAM), Refer to Table 2-5.

The "01" in the WORD NO. field indicates that the curvently displayed word is
the first word of the message for the current message block (in this case block 1).
In BC mode, the first word of any message is always a command word to be transmitted
hy the Exerciser.

The "0840" in the 16-BIT DATA field gives a 4-digit hex representation of the
current word. By extracting the appropriate fields for a 1553 bus command word, it
is seen that this is a receive command to RT 1, subaddress 2, requesting it to re-
ceive 32 data words. This is explained in detail in paragraph 2.10.1.

The "00" in the ERROR CODE field is a 2-digit hex indication, with the
individual binary bit positions associated with unique word error types {1.e.,
Manchester encoding error, parity error, etc.). The display of 00 indicates that a
valid word (no errors) is to be transmitted. This is discussed in detail in
paragraph 2.9.1.7.

It was also noted that the LOC, BC and SINGLE LEDs are illuminated following
self-test at power turn-on. BC indicates that the Exerciser is in BC mode. SINGLE
indicates that the Exerciser is in single frame operation mode. LOC indicates that
the instrument is in local, or manual mode of control. At this time, the user may
proceed to control all instrument functions by means of the front panel keyboard.
The Exerciser will remain in local control mode until it is given a command from the
selected remote 1/0 source. The selected 1/0 source is determined from among the
8-hit tri-state parallel 1/0, I1EEE-488 (GPIB} and RS-232 ports by the setting of
rear panel I1/0 SELECT switch ($S8). The Exerciser will then remain in remote control
mode until either:

1) The remote enable handshake line is disasseried or a go-to-local {GTL)
command is received (IEEE-488 (GPIB) port only), or,

2) The user enters a CNTL-LOC command via the keyboard. It should be noted
that CNTL-LOC wil) be ignored if either a Local lLockout {LLO) or, possi-
bly, a Device Clear {DCL) command has been received from the TEEE-488
interface,
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2.7 MESSAGE RAM ORGANIZATION

The message memory of the Exerciser consists of a 16Kk bit RAM that is shared
between the user interface {microprocessor) and the 1553 bus processor portions of
the Exerciser. The message RAM is configured as a dual port memory. That is, it is
addressable as a 2K x 8 memory from the microprocessor side and as a 1K x. 16 memory
by the 1553 interface.

Figure 2-4 illustrates the organization map of the Exerciser message RAM. As
shown in the map, word 1 of block 1 and all other 1553 message words each occupy
four 8-bit bytes of RAM. It is also seen that the shared RAM is divided into eight
partitions or blocks. Each block is 256 (100 hex) bytes deep. That is, the trans-
mitted and/or received words for each message to be processed (BC mode), or each RT
message to be simulated (RT mode) are stored in separate, contiguous blocks of
memory locations.

It may also be seen that the first 4-byte word of each block is designated as
the control word for that block. The control word, which logically is designated as
word 0 for the block, contains the control parameter information for the BC message
to be processed or RT message to be simulated. These block parameters include for-
mat, word count, response time, intermessage gap time {(BC mode) and "linked to"
block number {RT mode)}. Although these parameters are all user programmable via the
keyboard and remote 1/0s, the control word per se is accessible only by means of the
high speed and DMA remote 1/0 commands discussed in paragraphs 2.11.4 and 2.11.5.

The 1553 message words are stored in word positions 1 through 49 of each mes-
sage block. Word positions 50 through 63 (byte addresses 1XC8 through 1XFF} are un-
used for blocks 1 through 8.

The command, status and data words to be transmitted or received by the Exer-
ciser are stored in separate contiguous wmemory blocks for each 1553 message,
starting at word position 1 for each respective block. For example, in the case of
the Exerciser acting as BC for an RT-to-BC transfer of two data words, the words of
the message will be as follows: word 1 will be the command word; word 2 will be the
received RT status word and words 3 and 4 will be the data words transmitted by the
RT. As shown in the menory map, the two upper bytes for each 1553 word comprise the
actual 16-bit word data. The third byte contains information relating to the vari-
ous word error conditions that may be induced for transmitted words or detected for
received words. The fourth byte contains positioning data for Manchester encoding,
zero-crossing deviation or sync field errors for transmitted words. For received
words, the fourth byte indicates whether a pending received word was actually re-
ceived, as well as its sync type. The four-byte representation of all command,
status and data words to be transmitted or received by the Exerciser is defined in
Table 2-6.

With reference to Table 2-6, the following should be noted:

1) When the Exerciser is displaying current word on its front panel display,
the contents of bytes 1 and 2 are displayed in the 16-BIT DATA display
field. The contents of byte 3 are displayed in the ERROR CODE display.
The contents of byte 4 are displayed in the 16-BIT DATA field when an
Error Position command is entered. It should be noted that the 80" bits
for both third and fourth bytes are masked to zero for the 16-BIT DATA
display, but are indicated in decoded form (T, R, P,-)} in the DIR field of
the display.

2-18



ADDRESS (HEX) DATA
1000 Block 1, Word 0: Byte 1 (Word Count)
1001 Block 1, Word 0: Byte 2 (Format) : lCONTROL
1002 Block 1, Word 0: Byte 3 {Response/IMG Time) ;sNORD
1003 Block 1, Word 0: Byte 4 (IMG TIME/"Line" Block)
1004 Block 1, Word 1: Byte 1 {(Upper Data)
1005 Block 1, word 1: Byte 2 {Lower Data)
1006 BTock I, Word 1: Byte 3 (Error Byte)
1007 BTock I, Word I: Byte & (Error Position Byte)
1008
0
0 BLOCK 1: WORDS 2 THRU 49
0
10C7
10C8
0
0 UNUSED
o _
10FF
1100
)
) MESSAGE BLOCK 2
0
11¢7
11C8
0
o] UNUSED
0
11FF
1200
0 MESSAGE BLOCKS
0 3 THRU 8
0
17C7
17¢C8
)
0 UNUSED
0
17FF
Figure 2-4, Exerciser Message RAM Map
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Table 2-6. 4-Byte Representation of 1553 Words (Keyboard/Low-Speed 1/0)

BYTE BYTE BIT VALUE (HEXI|
NO. DESCRIPTION 80 40 20 10 [+ o4 a2 01
1 (TR) Cammand ¥ord: E5-BIT RT Address Transmitf 5-BIT Subaddress! Mocle
Upper B Bits [MSB} {LsB} Aeceivo {M58}
2 (TR Command Word: 5.-BIT Subaddres/Mode 5-BIT Data Word Count/Mode Code
Lowver 8 Bits (Lse} [MSB) (L5B)
14{T.R} Starus Ward: 5-BIT AT Addres Message (nstrumen- Service
Upper 8 Bita {Ms8) {L58) Error tation Request
2 {T,R) Status Word: Raserved Brosdcast Busy Subsystem Dynamic Tarmine
lower 8 Bits Command Flag Sus Controt | Fleg
Received Acceptance
1{T.,R} Deta Word: BIT BIT 2 BIT 3 BIT 4 BITS BTS BIT 7 BITS
Upper 8 Bits {M3B)
2 (TR} Chata Word: BIT9 MT 10 BT BiT 12 81713 BIiT 14 BIT 15 BIT 16
Lower 8 Bitx {LSB}
3 (7} Transmit Word: fonding- ircorrect Farltty Syne Field Parity Wanchester Low Bit High Bit
Generated Errors Receivef Syne Type Manchester Error Error Encoding or | Count or Count of
Transmit Error Errar Zaro-Cross- Message Word Gap
(0} ing Devia- Gap Error Error
tign Error
4T Tranemit Word: Transmit- Error Type | SyncfZero Sync/Zero- | Manchester/ | Manchester/ | Manchester/ | Manchester/
Generated Sync/Manchester Receive/ Solect (See Crossing Crossing Zero Cross- | Zero Cross- | Zero Cross- | Zero Cross-
Error Pos, Pending (1) Tabie 2.91 Errar Posi- E_rrur Poail- ing Bit ing Bit ing Bit ing Bit
tion 1 tion 0 or Position 3 Paosition 2 Position 1 Pasition 0
High Bit
Count
Select
3R] Receive Word: FPending- Incorrect Early fiessaga Parity Manchester Low Bit High Bit
{etected Error Receiva/ Sync Response Error Error Encoding Count Count
Transmit {1) Typa Error Errar Error Error
4 (R} Receive Word: Transmit Data/ Not Used {Abways Q)
Receive Verification/Sync Type Receive/ Command-
Pending- Status
{o0:P, 1:R) Sync Type




Bytes 1 and 2 are defined the same for both transmit and receive words.

2}

Bytes 3 and 4 are defined the same for command, status and data words.

3) The meanings of the bits for the error and error modifier bytes (3 and 4)
ara discussed in paragraph 2.9.1.7 and delineated in Table 2-7.

1) It is permissible to program single or multiple errors in any or all
transmitted words. Similarly, it is possible to detect multiple errors in
received words.

5} The “"Message Error" bit, the "10" bit of the received word/detected error
byte is set if a word error (i.e. Manchester encoding parity, etc.} occurs
in a received word, or if one or more extra data words are received (high
word count). The "Message Error" bit will remain set for all subsequent
raceived words of the current message frame {(BC mode) or current message
(RT mode). :

6) The "80" bits (MSBs) of the third and fourth bytes, designated as pending-
Received/Transmit and Transmit-Received/Pending, respectively, are decoded
as follows:

Table 2-7. Decoded Meaning of "80" Bits
"30" Bit for Fourth Indica- L
ngo" Bit of Third | {Receive Verification/ tion in
(Detected Error) | Sync Type) Byte: - | DIR
Byte: Pending- Transmit-Received/ Word Display
Received/Transmit | Pending Type Field Meaning
0 0 Unused - Location in message
block not currently
used
0 1 Transmit T Word transmitted by
Exerciser
1 0 " | Pending P Word pending to
Received be received by
Exerciser
1 1 Received R Word received by
' Exerciser
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POWER TURN-ON/INITIALIZATION STATE

The Exerciser will assume the following state following either power turn-onm,
a Self-Test command or an Initialize command from one of the three remote poris:

1)

Two pointers, designated as Current Block and Current Word, are maintained
in the Exerciser scratchpad memory. These pointers specify which word {or
error byte) may be curvently displayed on the front panel, progr ammed, or
interrogated via a remote port. Block parameters such as response time,
format, word count, etc. may be updated only for the block specified by
the Current Block pointer. The Current Block and Current Word pointers
both initialize to one (1).

Tha instrument is initialized for Local control, B8C mode, Single Frame
operation.

The 1553 message processor will be in the "Halt® state {not processing
messages ).

Blocks per frame, or Message Count is initialized to 1 {block 1 only).
Frama time is initialized to 10 ms.

For blocks 1 through 8, word 1 is specified as a T {transmit) word with
16-bit data of 0840 (a receive command word to RT 1, subaddress 2, to re-
ceive 32 words). Words 2 through 33 are initialized as transmit words to
0000, 0001, 0002, .... OOlE, OOLF. Word 34 is jnitialized as a P (pending
received) word. Words 32 through 49 are initialized as - {unused), to
0000. The displayed error byte is initialized to 00 for words 1 to 49,
The displayed error position byte is initialized to 00 for word 1 of each
block and to 08 for words 2 through 49 of each block.

Format for blocks 1 through 8 is initialized to QO (BC-to-RT transfer).
In addition, word count is initialized to 32, intermessage gap time is
initialized to 7 us and response time to 8 us for blocks 1 through 3.

The RT address is initialized to D _(disabled) for all eight message
hlocks.
Channel A is initialized as the active bus channel.

Relative Transmitter Amplitude is initialized to 171, or approximately
6.5 Vpp, direct coupled.

Halt-on-Error is initialized with a value of 00, or disabled.
Response Timeout is initialized to 15 us.
Exerciser Trigger Mode is initialized to “Internal®.



2.9  DISCUSSION OF EXERCISER OPERATION
2.9.1 BACKGROUND INFORMATION
2.9.1.1 LOCAL/REMOTE CONTROL SOURCE
The Exerciser is controlled by one of four sources:

1) Front Panel Keyboard

2) FEight-bit Tri-State Parallel 1/0 Interface
3} IEEE-488 (GPIB) Interface

4} RS-232 Interface

As mentioned previously, the instrument is wunder control of the keyhoard
{local control source) following power turn-on. The instrument remains in local
control mode until a command is received by the selected [/0 source as described in
paragraph 2.6.

The Exerciser is fully controllable by means of any of the four sources.
Therefore, the remainder of the discussion in this paragraph (2.9) applies equally
for all four sources.

2.9.1.2 EXERCISER MODES

The Exerciser functions in two principal modes of operation: BC and Multi-RT
simulator.

As BC, the Exerciser can store and process up to eight independently pro-
grammed messages at a given time. As RT, it can simulate up to eight terminal
units. The eight terminals may each have separate addresses. Alternatively, the
same RT address/T-R bit combination may be programmed to reside in any number {up to
eight) of separate Exerciser memory blocks, by means of the block Tinking feature.

An auxiliary mode of operation involves self-test. 1In addition to the built-
in-self-test software routine, there is a self-test format that is supported in the
BC mode. Using this format, the instrument may be programmed to perform a continu-
opus internal wraparound test of its 1553 front end components. This mode is useful
for troubleshooting of the Exerciser.

2.9.1.3 SINGLE/REPEAT/HALT-ON-ERROR OPERATION

The user may select from among single and repeat (continuous) modes of Exer-
ciser operation. For BC mode, there is the added option of repeat mode with halt-
on-error capability.

In both single and repeat modes, the Exerciser starts transmitting (BC mode)},
or goes on-line (RT mode), following reception of a GO command.

In single BC mode, the Exerciser processes the programmed frame (from one to
eight messages) one time and then halts {goes off-line).



In Repeat BC mode without Halt-On-Error, the instrument repeats the progr ammed
frame of messages until it receives a Halt command. At this time, it will compiete
the current frame before going off-Tine.

In the Halt-On-Error Repeat BC mode, the Exerciser will continuously process
the programmed frame of messages until a specified number of erroneous frames has
occurred. A message frame is considered erroneous if one or more of the following
error conditions has occurved:

1) A reply timeout: this indicates that an external RT device has not re-
sponded in the specified time, programmable from 5 to 32 us. An external
RT response time of less than 4 us (MIL-STD-15538 definition) will also
result in a reply timeout error condition.

2) A message error condition has occurred: this indicates either an errone-
ous word has been received (Manchester, parity, bit count or sync error),
a word count error or a format errovr.

3) A transmitter timeout condition has occurred: this indicates that there
was continuous bus activity for longer than 800 us.

Halt-On-Error is a programmable parameter that assumes a value in the range
from O to 99. The default value of zero (0} directs the Exerciser, when in Repeat
¢ mode, to run continuously regardless of the number of errors that occur. Pro-
gramming a number betwsen 1 and 99 configures the Exerciser to halt following proc-
essing of the specified nunber of erroneous frames.

In single RT mode, the Exerciser stays on-1ine until it processes the speci-
fied nunber of messages containing command words with any of its programmed RT ad-
dresses. Similar to BC mode, the number of messages is programmable by means of the
Message Count, or Blocks per Frame parameter. It will respond as programmed to each
such message and then halt (go off-Tine). The Exerciser can still be forced to go
off-1ine by means of a halt command, if the specified number of command words con-
taining any of the programmed addresses is not recognized.

In repeat RT mode, the Exerciser stays on-line indefinitely until the
reception of a halt command. During this time, it will respond to any and all
comnands that incorporate any of its programmed RT addresses.

It should be noted that for both the BC and RT Repeat modes, the individual
memory blocks of the message RAM are continually overwritten each time a message is
repeated. That is, when the block is read following the message processing, only
the results from the Yast time that data was received for the particular block will
be resident in memory.

2.9.1.4 MESSAGE BLOCKS

As discussed in paragraph 2.7, the Exerciser message RAM is divided into eight
blocks.

In BC mode, each message block is used to store the transmitted and received
words for an individua) message. In this mode, the number of active blocks is spec-
ified by the Blocks per Frame, or Message Count parameter. The active blocks will
be blocks 1, 2,...N where N is the currently programmed value of message count.
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That is, when the instrument is in the Go (execute) state, message 1 will be proc-
essed first, followed by message 2, 3 . . ., etc.

In RT mode, the value of the message count parameter has no bearing on the
order that message blocks are processed. Instead, each block may be programmed to
simulate a separate RT unit. The first digit of the RT address parameter is pro-
grammed as either E or d for each of blocks 1 through 8 (see paragraph 2.9.3.1).
d indicates that the respective block is disabled as an RT; that is, no data trans-
fers will be transacted between locations in this block and the 1553 bus, regardiess
of the RT address in the received command word. E indicates that the particular
block is enabled as an RT. L indicates that the current block has been linked to
from another biock. In either case (E or L), the last four digits of the RT Address
parameter indicate:

1) Whether the block is configured as a Transmitting (T) or Receiving (R)
terminal, :

2} The 2-digit decimal (between O and 31} address of the simulated terminal.
It should be noted that when two or more message blocks are programmed as
enabled for the same combination of T/R bit and address, the Exerciser
firmware will default such that the RT in question will be simulated by
the lowest numbered block in the group.

3} The last digit of the RT address represents the "1ink" parameter. That
js, it indicates which of the eight data blocks will be used to transfer
data to (or from) the mext time that the respective RT address/T-R bit
combinatinon is addressed following the processing of the current message
block. The value of the "linked to" field may be specified to be the same
block number (default), a different block number, or disabled. See para-

graph 2.9.3 for a further explanation of RT block linking.

2.9.1.5 FORMAT AND DATA WORD COUNT

Structure of a 1553 bus message is specified by two parameters: format and
data word count. Format specifies which devices transmit and receive words over the
bus, the sequence of such transfers and their timing relationships. Data word count
specifies the number of data words to be transferred in the specified direction.

The various message formats are defined in paragraph 4.3.3.6 of MIL-STD-15538.
These formats include BC-to-RT transfer, RT-to-BC transfer, RT-to-RT transfer, mode
code and broadcast. There are also messages taking the form of RT-to-RTs broadcast
transfers.

Tn addition to all of the legal transfer formats by the standard, the
Exerciser also supports an erroneous format designated as “T/R bit reversal" as well
as a self-test format, used for internal diagnostics. With the exception of the
solf-test format which applies to BC mode only, all of the possible formats are
implemented for both BC and RT modes. The BC formats are delineated in detail in
paragraph 2.9.2.2. The RT formats are discussed in-paragraph 2.9.3.4.

The value of the format parameter is a 2-digit hex byte. As discussed further
in paragraphs 2.9.2 and 2.9.3, this byte is encoded slightly differently for
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the high-speed and OMA remote 1/0 commands than it is for the keyboard and low-speed
renote operations. The format byte is defined in Table 2-8 as follows:

Table 2-8. Format Byte Definition

BIT
YALUE : _
(HEX) 80 40 t 20 10 08 04 02 ;1
Bit Not Used Self- *xk Broadcast | Mode Code | Information Transfer
Meaning Test T/R Format (See Below)
Reversal
_ Error Bit
e ——— — i — —— ——— — — — —— — ﬁ
wg1" hit | 02" bit | Format for BC Mode Format for RT Mode
0 0 BC-tn-RT or RT-to-BC transfer® | BC-to-RT or RT-to-BC transfer**
0 1 RT-to-RT tranfer; RT-to-RT fransfer;
Exerciser simulates BC only Exerciser simulates transmitting
RT only o
1 0 RT-to-RT transfer; RT-to-RT transfer;
Exerciser simulates BC and Exerciser simulates both trans-
transmitting RT mitting RT and receiving RT
1 1 RT-to-RT transfer; RT-to-RT transfer;
Exerciser simulates BC and Exerciser simulates receiving
receiving RT RT only
*BC-to-RT transfer for T/R bit of comnand word = 0
RT-to-BC transfer for T/R bit of command word =1
*%BC-t0-RT transfer for T/R bit of RT address = R(O)
RT-to-BC transfer for T/R bit of RT address = T(1)

***lihen specifying format by means of a high-speed or DMA
input command (via the control word mechanism per para-
graph 2.11.4), the 10 bit of the format byte is defined
3s the T/R bit rather than as the T/R reversal bit, as it
is defined for keyboard and Jow-speed remote 1/0 operation.

Please note:

1) The T/R-Bit reversal format (10 bit for keyboard/low-speed operation) is
defined as follows: if this bit is set, for BC mode, a message containing
a transmit command word assumes the erroneocus format of a BC-to-RT trans-
fer. Likewise, a message containing a receive command would assume the
erconeous format of an RT-to-BC transfer. The situation is similar for a
W10" format in RT mode, with the difference being that the T/R bit is de~
coded from the 5-digit RT Address parameter rather than from the pro-
grammed command word.
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2) The self-test, or 20 format is relevant only for message block 1 in BC
mode. In this format, which is employed in the instrument self-test rou-
tine, the Exerciser operates in an internal wraparound mode, That is, the
transmitter is inhibited and the decoder input is switched to the output
of the encoder, rather than to the receiver. No response from an external
device is anticipated and the last transmitted word received by the de-
coder is stored in the next word location in the memory block. An example
of how to use the self-test format is as follows: program word 1 of block
1 to 0821 (RT 1 receive 1 data word). Program any arbitrary test word as
word 2. Process the message. The received (decoded} version of the test
word will appear in the word 3 position of block 1.

The value of the Word Count parameter (number of data words) for each of the
aight message blocks 1is initialized to 32 at power turn-on or following either a
Self-Test or a remote Initialization command. It is updated as follows:

1) By means of a Word Count command.

2) A change in either word 1 of the block (the first command word) or the
format byte will cause the word count for the respective block to be up-
dated per the following definition:

1f the mode code bit, the 04 bit of the format byte is not set, then the word
count updates to the normal word count equal to the number between 1 and 32 indi-
cated by the lower five bits of word 1 of the block (word count/mode code field),
with binary 00000 taken to denote a word count of 32. If the 04 (mode code} bit of
the Format byte is set, then the word count updates to either O or 1 per the
“10" bit of the second byte (fifth LSB) of word 1 of the block. It should be noted
that this definition of word count is fully in agreement with MIL-STD-1533B. If the
Exerciser is used in a MIL-STD-1553A application, the Exerciser's normal word count
for some mode codes will have to be overridden by means of a Word Count command to
comply with MIL-STD-1553A.

It should also he noted that for BC mode, the normal word count may always be
changed to an erroneous value by means of the WORD COUNT command. In addition, for
RT mode, word count must be specified. [If it is not, it will default to its previ-
ously defined value. It should also be noted that for RT mode, word count should
always be specified after both the Format and RT Address parameters have been pro-
grammed for the respective message block. If this sequence is not followed, an
erroneous data word count, corresponding to the word count field of the command word
in location 1 of the block, may possibly result.

2.9.1.6 TIMERS: FRAME, RESPONSE, INTERMESSAGE GAP AND FAIL-SAFE
2.9.1.6.1 FRAME TIME

This parameter is relevant for Repeat BC mode only. It defines the overall
repetition time for the frame of massages being processed. That is, it defines the
overall time window between consecutive start-of-transmission times for message 1.
See Figure 2-7.

Frame Time is programmable from 2 to 500 ms in 1 ms steps with a power turn-on

value of 10 ms. It should be noted that if the programmed Message Count is greater
than two, the actual frame time implemented by the Exerciser will never fall below
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1 ms per message block. For example, if message count is programmed to five and
frama time is programmed to 2 ms, the frame time in response to an interrogation
will indicate 2 ms, even though the implemented time will be 5 ms.

It should also be noted that when processing a message frame sequence in
external trigger repeat BC mode, the implemented frame time will, 1in general, be
greater than the programmed frame time. The additional time is required to allow
the Exerciser to synchronize with its external trigger input signal.

2.9.1.6.2 RESPONSE TIME

There are three response timers in the Exerciser.

One timer verifies that the response time of an external RT device is less
than the user-specified value of response timeout, as programmed by the Timeout

parameter. Timeout is programmable over the range from 5 to 32 us, as dafined by
MIL-STD-15538. This definition is shown in Figure 2-5.

143 v L— = k" el
PARITY :
_"I —— 5008 SYNC E
l‘ lf— 153 —Jed
\
boff——erasme~  AESPONSE TIME =———r————Ji0=

Figure 2-5. Response Time Definition (MIL-STD-15538)

As indicated, response time per MIL-STD-1553B is defined as the time between
the mid-parity zero crossing of the last word transmitted by one device {usually the
BC) and the mid-sync zero crossing for the status word of the responding RT.

For MIL-STD-1553A applications, response time is defined as the true gap in
transmission, resulting in a response time 2 us less than the corresponding time for
MIL-STD-1553B applications. For MIL-STD-1553A applications, the effective range for
timeout is therefore 3 to 29 us. ‘

If an external RT responds later than the programmed value of timeout or does
not respond, the Exerciser no response timer will timeout, resulting in:
1) The REPLY T/0UT LED on the instrument front panel illuminating, and,

2} The "Direction" digit of the anticipated RT status word (and subsequent
data words, if any) will indicate P (pending received), rather than R
{received).
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The power turn-on value for Timeout is 15 us.

In addition, there is another timer that checks for early response errors.
This timer verifies that the response time for an external RT is greater than the
minimum allowable time of 4 us (per MIL-STD-15538), or 2 us (MIL-STD-1553A defini-
tion). An Early Response error is flagged with a hex word error code of 20 for
recaived words via either the front panel or any of the remote interfaces. Also,
for an early response error, the REPLY T/OUT LED on the front panel illuminates.

The third response timer is used to vary the programmed response time for sit-
uations where the Exerciser is simulating an RT device. The response time is inde-
pendently programmable for each of the eight message blocks with a range of 5 to
31 us for BC mode or 6 to 31 us for RT mode, in 1 us steps, with a power turn-on
value of 5 us. It should be noted that the maximum allowable response time per
MIL-STD-15538 is 12 us. Programmable RT response time is applicable for BC formats
2, 3 and A as well as for RT mode.

2.9.1.6.3 INTERMESSAGE GAP TIME
{ ike frame time, intermessage gap time is relevant for BC mode only.

Similar to response time, intermessage gap time is defined per MIL-~STD-1553B
as being the time between the Zzero crossing of the parity hit of the last word of
one message to the mid-sync zero crossing of the (first) command word of the next
message. (See Figure 2-5.) It should be noted that for the Exerciser, intermessage
gap time for a particular message block {each block has its own independently pro-
grammable intermessage gap) refers to the time delay preceding the start of the
block. For exampie, the intermessage gap for hlock 2 is the mid-parity to mid-sync
time between message 1 and message 2, in microseconds.

Intermessage gap is programmable from 7 to 2047 us per MIL-STD-15538 in 1 us
steps with a power turn-on value of 7 us. The wide range for intermessage gap time
allows the channel A to channel B delay time to be swept over a large range for per-
forming the Bus Switching test for dual redundancy.

2.9.1.6.4 TRANSMITTER TIMEOUT

This timer provides an indication, via the XMIR T/OUT LED that there is activ-
ity on the bus for a period of 800 us or longer. Bus activity is continuously moni-
tored by this timer or by determining whenever the LINE ACTIVE output of the Exer-
ciser decoder is asserted continuous for a time interval of 800 us or more (800 us
is the FAILSAFE time interval specified by MIL-STD-1553B). It should be noted that
the bus activity causing this fault may originate from either the Exerciser or an
external bus device on the bus.

2.9.1.7 WORD AND MESSAGE ERRORS

The Exerciser is capable of generating and detecting a wide repertoire of word
errors and message errors.

The possible word errors that may be induced are: Manchester encoding error
in any data bit position and/or the parity bit, parity logic sense error, high bit
count, low bit count, sync field errors, incorrect sync type, word gap, message gap
and zero-crossing deviation.
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The generated errors for transmitted words are specified by the programming of
the Error and Error Position bytes for each respective word. These are expanded in
Table 2-9, indicating the precise hit assignments for all of the possible induced
word error conditions.

By setting the appropriate bit{s) in the error and error modifier bytes, it is
possible to program none, any or various combinations of induced error types for any
transmitted word in any message. Specifying an error byte of 00 will result in a
correct word being transmitted.

It is possible to program word errors for any number of transmitted words in a
message. It should be noted that the B0 bits of both the error and error modifier
bytes cannot be user programmed via the keyboard and are masked to U for purposes of
front panel viewing., These bits, which are used to distinguish between transmitted,
pending and received words, are accessible by means of the remote 1/0 commands as
discussed in paragraph 2.1l. Refer to Table 2-7.

Examples of the various errors for transmitted words are shown in Figure 2-6.

Programming of a Manchester encoding error results in the hit pulse for the
specified bit position to take the form of a 1 us logic U pulse on the bus, if the
bit is specified as a logic 0. The normal Manchester representation for a logic 0
is a 500 ns low level followed by a 500 ns logic high level pulse. Likewise, a
Manchester encoding error specified for a bit that is programmed as a logic 1 will
result in a 1 us high Tevel pulse on the bus.

By means of the Manchester or zero-crossing error position bits, M/ZCEP3 (MSB)
through M/ICEPU (LSB) of the error modifier byte, a Manchester encoding error may
he selected to occur in any of the 16 bit positions. As shown in Figure 2-6, bit 1
is taken to be the first bit transmitted,. . . bit 16 is taken to be the last data
bit transmitted, followed by the parity bit., Assuming that the Manchester encoding
error bit (04 bit) of the error byte is set to logic 1 and the error type select bit
(44 hit) of the error modifier byte is set to zero, the hit positien of the encoding
errar (1 through 16) will be one (1) plus the hex number (0 to 1) defined by
M/ZCEP3 through M/ZCEPO. For example, if M/ZCEP3 through M/ZCEPO = 0101 (binary)
= b, the encoding error will cccur in the sixth bit position.

A Manchester encoding error may be caused to occur in the parity bit position
by setting the PARITY MANCHESTER ENCODING ERROR hit {20 hit) of the error hyte.

Programming a HIGH BIT COUNT ERROR {error byte Ol with error modifier byte 00)
results in one extra bit pulse (with logic sense 1} to be transmited at the end of
the word. Programming an error byte of 0! with an error modifier byte of 10 results
in a word with two additional togic 1 bit pulses.

Programming a LOW BIT COUNT ERROR (error byte 02 with error modifier byte 00)
results in one bit position, the parity bit, to be missing.

Programming a parity error {08 bit) results in the parity bit, which normally
yields odd parity for the word, to be transmitted with its logic sense inverted,

The SYNC ERROR bit (10 bit) of the error byte works in conjunction with the

sync errar position bits (20, 10) of the error modifier byte to induce various sync
field errors, as shown in Table 2-9 and Figure 2-6.
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Transmitted Word Induced Error Encoding

Table 2-9.
ERROR BYTE (HEX) u ERROR MODIFIER BYTE (HEX)
INDUCED WORD ERROR -
CONDITION 40 20 10 08 04 @2 0l 40 20 10 08 04 02 0l
Normal Word (No Errors) 0 ¢ 0 0O 0 0 O X X X X X X X
Long Word: 1 extra Dit 3 0 0 0 O 0 1 0 x 0 x x X X
Long Word: 2?2 extra oits o9 0 0 0 o0 0 1 0 x 1 x x x X
Short Word: 1 missing hit| 2 0. 0 0 0 1 O 0 x x x X X X
Manchester encodingerror{ 0 0 0 0 1 0 O || 0 x X (MEP-1}*
in specified data hit
position
Parity Error " 0o 1 0 90 X X X X X
Sync Error: 110000 {C); o0 0 1 0 O 0 X 0 X X X X
001111 (D)
Sync Ervor: 111100 (C}; 7 0 1 o 0 0 O x 0 1 x x x X
Q00011 (D) H
Sync Error: 011000 (C); 2 0 1 o 0 0O O x 1 0 x x x X
000110 (D)
Sync Error: 111001 (C}; g 1 0 0 0 0 O x 1 1 x x x x
100111 (D)
“anchester encodingerror{ 0 1 0 0 0 0 O X X X X X X X
in parity bit position ' !
Inverted sync type error 1 o 0 0 0 0O X X X X X X
Word gap error: 1 us 0 o ¢ 0 0 1 X X X X %
gap between 8th and 9th
data hits
Message gap error: 2 us 0 0o 0 O 0 1 0 f# 1 x x x X X X
gap between current word |
and next word
Zero-crossing 187.5 ns o 0 o ¢ 1 ¢ O 1 0 0
Deviation Early o
Error in 125 ns o o ¢ 0 1 0 O 1 0 1 (ZCDEP-1}*
First haif Early -
Of specified 125 ns o o 0 0 It 0 O 1 1 0
Bit Time Late
187.5 ns o 0 0 0 1 0 ¢ T 1 1
Late
Notes: (1) * Indicates that the Manchester encoding error or zero-crossing

deviation error will occur 1in the data bit position (1-16) as one
greater than the number indicated by the sum of the 08, 04, 02, 01 bits
{0-15) of the Error Modifier byte.

¥ indicates don't care.

(2)
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The Incorrect Sync Type bit causes a reversal in the logic sense of the sync
pulse. That is, if the position of the word in the message dictates that it contain
a command/status type of sync, the word will contain a data sync. Likewise, if the
word is in a data word position of a message, it will contain a command/status sync
pulse.

A Word Gap ervor inserts a 1 us gap (bus dead time) between the eighth and
ninth data bits of the respective word. '

An Message Gap error inserts a 2 us gap (bus dead time) between the end of the
current word and the start of the next word to be transmitted.

Zero-Crossing Deviation errors are implemented as follows: the time interval
from the start of the data bit time to the mid-bit zero-crossing, which is specified
to be 500 +/- 25 ns (per MIL-STD-15538), may be varied to be 312,5, 375, 625 or
587.5 ns. By means of the Manchester/Zero-Crossing Deviation bit position bits of
the error modifier {fourth) byte, the Zero-Crossing error may be programmed to occur
in any of the 16 data bit positions. The coding for the zero-crossing error bit
nositioning is identical to that for Manchester encoding errors.

The Exerciser can detect a similar repertoire of errors for recejved words.
The detected error and receive verification/sync type bytes for keyboard and Tow
speed 1/0 operations are found in Table 2-6.

As with transmitted words, the 80 bits of these bytes are encoded to distin-
guish between transmitted, pending and received words.

The four word encoding error bits of the detected error byte: Parity Error,
Manchester Encoding Errvor, Low and High Bit Count errors often occur in combination
with each other for erroneous received words. This is due to the action of the
error-detecting decoder. The decoder response to erroneous words is dependent on
the previous word as well as the logic sense of sync and data bits. For example, in
response to a low bit count error, it is conceivable for hoth the Low Bit Count
Error and Parity Error bits to bhe set.

The Message Error bit (10 bit) of the detected ervor byte is set under either
of two conditions:

1} A word error has occurred in the present or any previous received word of
a message frame.

2) A high or low received word count condition has been detected. The Mes-
sage Error bit will be set for the first extra word {(for a high word
count) and for all subsequent words of the current message frame {BC mode)
or current message (RT mode}.

The Incorrect Sync Type error is similar to that for transmitted words. It
indicates that a data sync was detected for a command or status word, or vice versa,

A received word with an error in the sync fié]d, such as a shifted zero cross-
ing, will generally be ignored by the Exerciser.
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in addition to word errors, the Exerciser is capable of generating a number of
message type errors. For example, it is possible to induce either a long or short
message length by altering the data word count by means of a word count command.
Wword count is variable from 0 to A5 data words. If the transmitted word count is
greater than 40, a fail-safe fault will occur, causing the XMTR T/0OUT LED on the
front panel to illuminate.

Other examples of programmable message errors include:

1) Invoking a “10" format. This results in an erroneous message whose format
is reversed from what the T/R bit in the command word (BC mode) or RT ad-
dress (RT mode} indicates.

2} Programming an RT response time of greater than 12 us {per MIL-STD-1553B)
in either BC mode (formats 02, 03, OA) or RT mode.

3) Disab11ng the appropriate RT address in RT mode will result in a no re-
SPONSE error.

4} An incorrect sync type word error may also be considered a format error.
5) An RT status word may be programmed to contain an jncorrect RT address.

The Fxerciser can also detect message or format type errors. A few examples
of these are: _

1) A no response, late response, O early response condition will result in
the REPLY T/0UT LED illuminating. In addition, for the case of non-
received words, the "Direction” (DIR) indication for the anticipated
received status word will be “P" rather than "R". All words received
following a gap of less than 4 us {per MIL-STD-15538) will be flagged with
a hex error code of 20.

2) A low word count condition will result in the BUS FAULT LED ilTuminating
and a "P" direction indication for the missing words.

3) A high word count condition will result in the BUS FAULT LED illuminating
and the Message Error bit (10 bit) to be set for the extra words and sub-
sequent words in the message frame. In addition, if the Exerciser senses
continuous bus activity for greater than 800 us, the XMTR T/OUT LED will
iliuminate.

4) The BUS FAULT LED will illuminate in response to any word error in the re-
ceived portion of a message, Or a high received word count.

2.9.1.8 TRANSMISSION AMPLITUDE ADJUSTMENT

Transmitter amplitude is programmable by means of either the front panel key-
board or any of the three remote 1/0 ports. Relative transmitter amplitude is pro-
grammable via an internal 8-bit D/A converter. Its value may be specified to be in
the range from 0 to 255, corresponding to an approximate range of zero to 9.75 Vpp
direct coupled across 35 ohms, or O to 30 Vpp transformer coupled (open-circuit).



2.9.1.9 ACTIVE CHANNEL SELECTION

Internally, the Exerciser is a single channel instrument. The selection of
Channel A or Channel B as the active bus channel provides for quasi-dual redun-
dancy. This is implemented by means of an internal 2-pole ralay, illustrated in
Figure 2-2. The active channel selection may be made by means of either the front
sanel keyboard or any of the three remote I/0 ports.

2.9.2 BUS CONTRULLER
2.9.2.1 OVERALL TIMING

Figure 2-7 illustrates the typical timing for the Exerciser's BC mode of
operation, : -

As indicated in the diagram, the frame time is the overall repetition time
between the individual starting times for message 1. It is also shown that the
intermessage gap time, defined by MIL-STD-1553B as being the mid-parity to mid-sync
time between the end of message 1 and the start of message 2 is the gap time pro-
grammed for message block 2, rather than message block 1. a

EXERCISER TRANSMITTING EXERCISER TRANSMITTING
e o - : MESSAGE =1
Ll ey - . 1
| mx Ta STATUS DATA | _ ] STATUS Rx DATA STATUS Ax
CMD CMD WORD WORDS wORD [ | CMD WORDS ™ WwORD e [=17].]
EXERACISER n
bt~ RESPONSE
TIM
& — |—
T rae o INTERMESSAGE GAP
RAESPONSE TIME - -
TIME FOR BLOTK #2 \_EKTEI:N‘\L
_ AESPONSE
: oo e TIME
V v
MESSAGE M1: FORMAT 02: EXEACISER SIMULATES MESSAGE #2: FORMAT 00: EXERCISER SIMULATES BC
BC AND TRANSMITTING AT FOR AT-TO-AT TRANSFER ONLY L
fol— - FRAME TIME -

Figure 2-7. Timing Diagram for Exerciser BC QOperation



In addition, it should

be noted that the response time preceding the transmit-

ting RT's status word for message 1 is the delay period specified by the Exerciser’s

programmed response time for block 1.

This is because for RT-to-RT transfer format

02, the Exerciser simulates the activity of the transmitting RT as well as the BC.

The two other response times indicated
Exerciser verifies that these times are greater than 4 us

on the diagram arise from external RTs. The
(per MIL-STD-1553B) and

less than the programmed value of response Timeout.

2.9.2.2 BC FORMATS

Paragravh 2.9.1.5 discussed a general overview of the Exerciser message for-

mats.

the format diagrams,
As noted in Table 2-10Q,
between the keyhoard low-speed and the high-speed/DMA remot

Table 2-10 illustrates in

detail the Exerciser formats for BC operation. For
N refers to the data word count discussed in paragraph 2.9.1.5,
for some of the formats, the parameter designation varies
e I/0 operations.

Table 2-10. BC Formats
KEYBOARD |HIGH-SPEED/
LOW-SPEED [DMA REMOTE
/0 FORMAT ; 1/O FORMAT DESCRIPTION TIMING RIAGRAM
a0. and T/R 0o BC-to-AT Transfer }_ RX [ Status
bit in : Command Data Words word
~ - = ~— s
Command Word word Word Word #2+N
Word=0 " ﬂé . - - 81 +N
ercisar External RT
Transmtitting Respeonse
00, and T/R 10 AT-10-BC Transfer H T ) Status N
bit in ' Command Word Data Words —_'l
Command ———— ~ ~— -
Word =1
Exearciser External RT Response
Transmitting
01 o1 AT-10-RT Transter; Exarciser = RX TX Status N Status |
simuiates BC only Command Command Ward Data Words | { Word | !
Ty e L -y e v__w’..
Exerciser Transmitting Receiving
Transmitting RT Response AT Response
02 g2 RAT-to-AT Transter; Exerciser k‘ RX TX Status N Status L
simulated BC and transmitting{™ | Command Command Word Data Words Word ;
AT ~ ~— o - I
Exerciser transmitting and simulating Recaiving RT !
response time gap Response !
03 03 RT-to-AT Transfer, Exerciser |, | AX TX Status N | Status ] 3y
simulates both BC and Command Command Word Cata Words Word | !
receiving AT -~ — N - . -
Exerciser Externai RT Exerciser
Transmitting Transmitting simuiates
response times -
and transmits |
04 Q4 “Raceive” Mode Code ; AX N Status ‘
T/R Bit of Command y Command Data Words [ | Word '—l
Cammand ., —_— -
Word =0 -
Exerciser transmitting: RT
N is normally either G or 1 Response
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Table 2-10.

BC Formats - cont.

KEYBOARD | HIGH-SPEED/ _ _
LOW-SPEED |DMA AEMOTE A .
170 FORMAT | 1/O FOAMAT DESCRIPTION TIMING HAGARAM
04; 14 “Transmit” Mode Code ﬁ' TX _4 Status N *
T/A Bil of Command ) Command Word Status Word
Command ~— s -
Word = 1 -~ -~
Exercisar RT Aesponse; N is
Transmitting “Normally” either 0 or 1
“oa"; 08 Broadcast Recaive Command s_ RX N __{
T/ABitol- Command Data Words
Command L — e
Word =0 .
Exerclaer Transmitting No Response Anticipated
09, 0B 09, 08 Broadcast RT-to-AT. s_ RX ™ Status {
Simuwlating BC only Command Command N Word N Daila Wards o H
Exerciser 'Fr;nsmittlng External RT Response Mo Response
: Anticipated
OA DA Broadcast AT-to-RT, ﬁ_ RX TX Stalus : ‘
Simulating BC and Command Command Word N Data Words
Transmitting RT - — -~
Exarciser Transmitting Mo Responsa
Anticipated
08 18 "Transmit” Braadcasl T TX
T/A Bit of Command {Erfoneous) s_' Command
Command
Word = 1t Exarciger Transmitting Mo Responsa Anlicipated
oc oC Broadcast/Mode Code Format H Rx [ N
4 Command Data Words P
sxerciser transmitting; No Response Anticipated
is normally D or 1.
10; T/R Bit 6] "T/A Reversal” Farmat Error; \_ ™ l N Status
of Command Transmit Command o Command Data Words Ward
Word = 1 e
Exerciser Transmitting External
RT
10; T/R Bit 10 “T/R Rversal” Format error; Ax Status _g
of Command Receive Command Command Ward
Ward =0 e ——
Exarciser External
Transmitting RT
14; T/R Bit 04 Mode Code Command with &_ TX N Status N ‘
of Mode "T/R Reversal” formal error; Command Data Words Word Data Worda
Code Transmit Command ~ e e ’
Command
Word =1 Exerciser Transmitting; External
N =eitherQor 1 RT
14; T/R Bit of 14 Moda Code Command with E_ RX Status
Mode Code “T/R Reversal” format error; Command Word
Command RAeceive command —_—
Word =0 . Exerciser External
) Transmitting RT
18, T/A 18 “T/R Reversal” Error: AX
Bit of Recaive Broadcast Command
Command Command ~ — -~
Word =0 . .
Exerciser Transmitting No Responsae Anticipated
18 T/R 08 "T/R Aeversal” Error: s_‘ RS N | {
Bit of Transmit Broadcast JiGommand Data Words | = No Response Anticipated
Word = 1 Command et
Exerciser Transmitting
1C 1C Broadcast/Mode ‘_ TX N
Code Command with Commang Data Words
“T/R Reversaf" Error. - -
Exerciser Transmilling; No Response
N =eitherDor 1 Anticipated
20 20 Setf-Test “Wraparound” Word #1 Word #2 Word #in+1 Word #N+2
Format. This formal is - N CToT Word ]
licabte { lock
:?%:ﬁ; @ for message bloc Command | Data Words Received _‘
Last "Transmitted" Word
In the “Self-Test" format, the Exerciser daes not transmit on the - 1553 bus, but
rather enables the encoder 1o send directly to the decoder. The last
“transmitted” word is received and storad in focation “N+2" of the message
block.
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2.9.2.3 DEFAULT RT STATUS WORD FOR BC MODE

As a means of minimizing number of keystrokes or host computer software coding
required to program the Exerciser, the instrument's internal firmware assigns a de-
fault value to RT status words, wherever possible.

The default value for the assigned status words is Clear Status. That is, the
status words will be comprised of the respective {(programmed) terminal address for
bit positions 1 through 5, with bit position 6 through 16 {message error, instrumen-
tation, service request, etc.) assigned the value 0.

_ For BC mode, the default value of Clear Status is assigned for the "Extended"
RT-to-RT transfer message formats; that is, for those situations where the Exerciser
simulates the action of an RT as well as the BC.

The pre-assigned (default} status word may be overwritten via user command.
The user-programmed status word may be valid or may be programmed to contain induced
word errors.

For BC mode, the default status word is assigned for formats 02, 03 and OA as
foilows:

Table 2-11. Assigned RT Status Words (3C Mode)

STATUS WORD RT ADDRESS

FORMAT TAKEN FROM COMMAND POSITION IN MESSAGE BLOCK
{LOW-SPEED WORD ADDRESS FIELD (WORD NUMBER) OF STATUS
DESTGNATION) FROM WORD NUMBER: WORD TO BE ASSIGNED

02 2 3

03 1 4 +N

0A 2 ' 3

N indicates the Word Count parameter for the respective message block.

For BC mode, the status word for the respective message block defaults to its
Clear Status default value under the following circumstances:
1) Exerciser operating mode is switched from RT to BC.

2) Whenever the Format parameter for the current message block is updated via
keyboard or low-speed command. '

3) Whenever the Word Count parameter for the current message block is updated
via keyboard or lTow-speed command.

4) Whenever word 2 for formats 02 and OA or word 1 for format 03 is updated
via keyboard or low-speed command.
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2.9.3 RT OPERATION

As discussed above, the Exerciser is capable of simulating up to eight RTs in
its RT mode. When the instrument is on-line “BUSY" in the RT mode, it will respond
to any and all valid command words containing any of its programmed combinations of
RT Address and T/R bit.

2.9.3.1 RT ADDRESS

In RT mode, there is an RT Address parameter associated with each of the eight
message blocks. The RT address parameter is comprised of four parts. These are:

1)

3)

4)

The first digit either enables (E), disables (D) or links (L} the block in
question as an active RT. Unlike BC operation, where contiguous blocks
starting with block 1 {i.e. blocks 1,2 ... N) must be activated, any ran-
dom combination of message blocks may be utilized to simulate RTs. For
example, blocks 2, 5 and 7 may be designated as active blocks.

The second digit selects either "transmit" (T) or "receive" {R) RT opera-
tion for an “"enabled" or "linked to" message block. For front panel key-
hoard operation, 1 {for T) or O (for R) must be entered for this digit.

The designated T/R bit specifies the transmit/receive type of the antic-
jpated, or "trigger" command word for the particular message block. It
usually, but not always, indicates that the Exerciser will simulate the
action of a transmitting RT if T is specified or a receiving RT if R is
specified. This is clarified in the disucssion of RT mode formats in
paragraph 2.9.3.4.

The third and fourth digits specify the 2-digit {decimal) address of the
simulated RT. This must always be entered as two decimal digits with
value in the range from 00 to 31. Three additional points to keep in mind
when specifying RT address are:

(i) In order for the Exerciser to respond as an RT, it must recognize
the following in the appropriate command word:

Specified RT Address,

Specified T/R Bit,

Command Sync Type,

Valid word (Sync, Manchester, Parity, Bit Count).

(i) It is possible to designate one group of message blocks to simulate
a given RT as a transmitter and designate a second group of blocks
to simulate the same RT {address) as a receijver.

(3ii) It is also possible to enable (E) two separate blocks to have the
identical combination of address and T/R bit. In this situation,
the lower numbered block becomes the active enabled block. For
example, if both block 2 and block 6 are specified (enabled) as
RT 27, receiving message data to RT 27 will be stored in memory
block 2, but will not be stored in block 6.

The fifth digit of RT address represents the value of the “linked to"
block. The function of this field 1is described in detail in
paragraph 2.9.3.2.
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2.9.3.2 MULTIPLE DATA BLOCKS PER RT ADDRESS VIA RT BLOCK ADDRESS LINKING

2-40

The Exerciser's RT mode features a "block linking" capability. This feature
allows multiple data blocks to be transmitted or received for the same T/R bit/
terminal address combination. Block linking is described as foltows:

1)

Block linking, which is applicable for BC testing and system simulation,
provides the capability to receive and store a series of messages directed
to a specific RT address in a specified sequence of data blocks. Like-
wise, it enables the Exerciser to transmit varying blocks of data from the
same simulated terminal without keyboard or I/0 intervention, The
specific sequence of Exerciser block numbers that simulate a given
address/T-R hit combination is completely user programmahle.

For RT mode of the Exerciser, each message block may be specified as
sither disabled (d), or enabled {E} for a specific address. A third pos-
sibility is to be able to (indirectly) specify the block to be "Tinked"
(L), That is, when the "RT Address" parameter for a given block is pro-
grammed as Edaa {with d specifying direction (T or R} and aa specifying RT
address {0 to 31)), the internal Exerciser firmware designates the enabled
(E) block as the "head" block of the chain. In addition, the user has the
option of specifying an optional fourth parameter, yielding "Edaan". The
"n" fiald specifies the number of the message block that will be processed
the second time that a message (command word} is directed to the respec-
tive RT address/T-R bit combination. If "n" is not specified, it defaults
to thae number of the current message bhlock, implying that data will be
transmitted from/received to the same memory block each time the respec-
tive RT is addressed. '

The “RT Address” parameter for the "linked to" message block, specified by
n, 15 then automatically updated via the Exerciser firmware to assume the
value "Ldaan," where the "daa" field matches that of the linked from
block, and n is, initially, the number of the “linked to" block. Alsc at

.this time, the RT status word .for the Yinked to block is assigned the

value “Clear Status."

Similarly, the second "linked" block in the chain may be Tlinked to a
third, the third to a fourth, etc. (up to eight) by appending "n" to the
respective RT address, yielding Ldaan. By referring to the sequences il-
Tustrated in Figure 2-8, it may be seen that it is possible to 1ink any
block in the chain to: (1) the first block in the chain, which has ad-
dress Edaan (Figure 2-8 (a)). This results in a continuous loop. (2) Any
arbitrary link in the chain (Figure 2-8 {b)}, (3) Itself-enabled (Figure
2-8 {c)), or (4) Itself-disabled {(Figure 2-8 {(d)). This last feature
allows a given RT to respond only a specified number of times {up to
eight), before going off-1ine but still allowing other RTs simulated by
the Exerciser to stay on-line. It is implemented by specifying a value of
"d" as the "linked to" block field of the "RT Address" parameter.

Figure 2-9 indicates an exampie of RT linking. The three simulated RT
addresses are RT 1 (receiving), RT 1 (transmitting), and RT 2 (receiving),
The timing diagram at the bottom of the figure illustrates a working exam-
ple of the RT 1inking mechanism,
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2.9.3.3 RESPONSE TIME

As described in paragraph 2.9.1.6, the RT response time is programmahle from b
to 31 us in 1 us steps. The response times for each of the eight simulated RTs are
independently programmahble.

2.9.3.4 MORD COUNT

As discussed in paragraph 2.49.1.5, the data word count is programmable from 1
to 45 for each message block, The maximum word count per the standard is 32,

Unlike the BC mode, there is no “default" or “correct" word count (per command
word/format) for the RT mode. Therefore, the number of data words anticipated to be
received or transmitted must be specified by the Word Count parameter for each
block. If it is not specified, the Word Count will revert back to the previous
value resident in wamory. :

If the Word Count for a particular RT 1is incorrectly specified, the result
will be either a response timeout, a bus crash, an incorrect number of words being
transmitted, status and/or data words transmitted at the wrong times, or a combina-
tion of these fault conditions. However, word count errors may be intentionally
introduced as part of the characterization or acceptance testing of a BC.

As discussed 1in paragraph 2.9.1.5, Word Count must be specified after both
format and RT address have been specified for a particular message block in RT mode.

2.9.3.5 RT FORMATS

The RT mode formats are generally similar to the BC mode formats. They are
illustrated in detail in Table 2-12. For the diagrams, "N" refers to the word data
count, and (*) refers to the position of the RT "trigger" word. The trigger word is
the comnand word containing the RT's programmed address and T/R bit. Similar to the
BC mode formats, the parameter designations for "keyboard/low-speed remote 1/0" and
"high-speed/DMA remote 1/0" operations vary for some of the RT mode formats.

2.9.3.6 DEFAULT RT STATUS WORDS

As a means of minimizing the number of user keystrokes and/or software coding
required to program the Exerciser, the Exerciser's internal software assigns a de-
fault value to all RT Status words, wherever possible.

The default value for the assigned-Status words is "Clear Status". That is,
the status words will bhe comprised of the respective (programmed) terminal address
for bit positions 1 through 5, with bit positions 6 through 16 {Message Error,
Instrumentation, Service Request, etc.) assigned the value O,
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Table 2-12.

RT Mode Formats

XKEYBOARD | HIGH-SPEED/
LOW-SFEED { DMA REMOTE
170 FORMAT| 1/0 FORMAT DESCRIPYTION TIMING DIAGRAM
02 02 AT-to-RT Transler, Exercisar &_ AX~ X Status N Data Status
simutates both transmitting Command Caommand Word Words Ward
and recsgiving RT's - e s g - .
Extarnal BC Exerciser simulates both "Transmitting”
Transmitting and “Raceiving” RT's.
03 03 AT-to-RT Transfer; Exercisar RX" TX Status N Data Status __( '
simulates receiving AT only Command Command Word Words Word
: e ——— - —r o e—e—"
External BC Extarnal RT Transmitting Exerciser
Transmitting flasponse
04; T/R Bit o2 “Receive” Mode Cods RX* N Data | Status
in"RT ‘ Command Command Words | . Word
Addrass” ~ g - ¥-—v—/
=0 External BC Transmitting; Exerciser
N is normally either Raaponae
Qor
04; T/R Bit 14 “Transmil” Mode Code S_ X Statuy N Data {
in "RT Command Command Word Words
Addreas” ————— -~ — -
=1 External j=1m Exarclgar Rasponse;
) Transmitting “N" should normally be either D or 1
08; T/R Bit oa Broadcast "Receive” q RX® N Daig l (
of "AT : Command Ncommand Waords
Address” -~ ~— -
=0 External BC Transmitling No Exercisar Response
04; T/R Bil 18 "Transmit” Q_ iFS {status N Dais
in "RT Broadcast Command Command | | word Words
Address” | {Erronaous) — - . —— -
1 External BC Exgrcisar Transmitting
Transmitting
08: T/R Bit 16 “Broadcast RT-lo-RT3" * Waord #1 word #2 wWard #N+2
in "AT Transter Format; R RX X" Status Plea! (
Adaress” simulating transmtting BT Command Command Waoed Words
=1 - el — o g™ -
Extarnal BC Transmitling Exercisar Transmitting
*= The receiva command word is not storec by the Exerciser tor this format.
09, 0A 09. 0A RAT-10-RTs Broadcast, RX" TX Glatuy N Data f
simulating tranamitting AT Commeand Command Word Words
e, S o
Extarnal BC Transmitting Exerciser Response
in this larmat, the Exarciser “triggers” off the "Receive’” command waord, but
simulates the action of the transmitting RT.
[+]:] 08 RT-to-AT s Broadcast; AX" TX" ) Status N Data i
Exerciser simulates {ons} ‘ l Command Command Word Words
Recaiving AT - o - ~  MNo Exercisar
g Externat BC Transmitting External AT Transmitting Hesponse
oc oc Groadcast/Mode Code &_ RX" N Data | :
Format Command Words | Mo Exerciser Response
External B.C. Transmitiing;
N i3 normalby aither Q ar 1
1¢;, T/R Bit 10 “T/R Beversal” Error H RX’ N' Data Status N Data {
in"AT Receiva Command Commang Wards Word Words
Addrass” = ——— ~r -
= Q External BC Transmitting Exercisar Transmitting
NOTE: The number of data wards N transmilted by the Bus Cantrolier s not
nacessarity ihe same as the number o} words, N, transmitted by Lhe
Expreiser
10 T/R 8it v} "T/R Reversal” Errar: TX* Status
in "AT Transmit Sommand Command word
Addrass” N e —
=1 Externat 8C Exarciser
Transmitting Aespanse
14; T/R 14 “T/R Reversal” Error: AX Mode Code N Data | l Status N Data
Bit in "RT tdode Code Format Cammand” Words Words Words
Address "=0 g— - - —— -~
External B.C. Transmitting; Exerciser Transmitting;
N normally =aitharQor 1 N normaily = either Q or)
20 20 Seit-Tast Format Not applicable in AT mode
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Table 2-12.

*Iindicates Exarcisar A.T. “Triggsr” Word

RT Mode Formats - cont.

KEYBOARD | HIGH-SPEED/
LOW-SPEED |DMA REMOTE
/O FORMAT| /O FORMAT DESCRIPTION TIMING DIAGRAM
00; and T/A 00 BC-to-RT Transler Word #1 Word #2 Worg #n+1 word #N+2
Bit in “RT :
Address =0 AX* N Status
Cammand Data Words Word
— -~ g
Extarnal 8C transmitting Exarciser Aesponsa Time
Dalay, Exerciser transmitting:
— 0G; and T/R 10 RAT-to-BC Transisr ™ Stalua N Data
) Bit in “AT L Commang | L Word Wards _L i
Address” o
=1 Externas BC Exerciser Transmitting
Teansmitting
00; and T/R 10 AT-to-RT Transiar . Ward #1 Word #2 Word k3. Word #2+N .
Bitin "RT * RX ir Status N Data Status
Adaress ommand omraan W Words Worg
=1 - st ~ -
Extarnat B.C. Exarcisar Transmitling Extarnal AT
Transmitting Transmitting
I
*= For this particular format, the RX Command as well as the Extemnal
{raceiving) RTs status word ara not stored in the Exerciser message RAM.
! 01 o1 RT-to-AT Transter, e -
L Exarcise’ simulates trans- RY* T Status N Data Status
mizting RT only mmand | Command word Words | word
L - P S - - r—
Exiernal 8.C. Exerciser Responss External RT
Tranamitting Transmitting
= rNota—In this format, the Exerciser "triggers” off the "Receive”™ commnand
word, bul simulates the action of tho “Transmitting” A.T.

command.
as programmed.

For RT mode,
circumstances:

1)
2)

U 3)

Exerciser operating mode is switched from BC to RT.

Whenaver the format for the current message block is updated via keyboard
or Low Speed remote I/0 command.

Whenever the “RT Address" parameter is updated for the current message

Simi1ar-to-BC'mode, the pre-assigned Status word may be overwritten via user
The user-assigned Status word may be valid or may contain encoding errors,

the "default" RT Status word is updated under the following

block, or whenever a particular RT message block is linked to by means of
the programmin? of the "linked from" block's RT Address parameter, ({Refer

j to Table 2-13.
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Table 2-13. Assigned RT Status Words (RT Mode)

FORMAT nT/RY BIT
{("LOW-SPEED" IN RT ADDRESS POSITION OF STATUS
DESIGNATION) PARAMETER WORD TO BE UPDATED
0 R (0) 2 + N
§] T (1) 2
2 R (0) 4 + N
3 R {0) 4 +N
4 R {0} 2+ N
4 T (1) 2
8 T (1) 2
10 R {0) 2+ N
190 T (1) 2
14 R () 24+ N
14 T {1) e

WNY indicates the value of the Word Count paraseter for the respective message
block.

cor RT mode, the default status word is assigned for both “"enabled" (E£) and
"Jinked to" message blocks. .

2.9.4 REAL-TIME MONITOR OUTPUT PORT

Another added feature for the Exerciser is the Real-Time Monitor/Trigger out-
put port. This port provides a real-time parallel interface between the serial bus,
via the BUS-1555 decoder, and an external memory.

The real-time monitor, which may be utilized either as a passive background
monitor, or in conjunction with the Exerciser's BC or RT modes, presents a full
parallel representation of all words that are either transmitted or received over
the 1553 bus. In addition to providing a 16-bit representation of each word as it
ic dacoded off the serial bus, the port also provides indications of sync type, data
direction, word errors, RT "trigger" word flag, Exerciser message block number and
many other signals that may be used in various testing and diagnostic applications.

Referring to block diagram Figure 2-10, it is seen that the Real-Time Monitor/
Trigger output is configured with five tri-state enable inputs for individual 8-bit
{or less) groups of output signals. This allows the monitor port to easily inter-
face to either 8-, 16- or 32-bit system buses.
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2.9.4.1 SIGNAL DESCRIPTIONS

[DAD PULSE: The occurrence of this 125 ns negative pulse indicates that a new
word has been latched into the manitor port's output buffer.  The new word data
becomes valid 30 ns MAX after the falling edge of LOAD PULSE.

D15 (MSB) through D8: ipper eight bits of the last received, decoded word
from the serial bus.

DATA HIGH ENABLE: When asserted low, this input activates the tri-state out-
puts for D15 through D8, : :

D7 through DO (LSB): Lower'eight bits of.the.]ast received, decoded word from
the serial bus. oL : .

DATA LOW EWABLE: When assertad low, .this input-aCﬁﬁvates the tri-state out-
puts for D7 through 00. ' . .

TRANGMIT/RECEIVE: A Tow on this output indicates that the current word in the
monitor output buffer was transmitted by the Exerciser. A high indicates that the
word was transmitted by an external bus device. N .o

" DATA/COMMAND SYNC: A high indicates Data sync. type for the current word in
the buffer. A Tow indicates Command/Status sync.

VALID WORD: A low on this output indicates that the current word has passed
the MIL-STD-1553 validation criterion: Valid sync, Manchester encoding, bit count
and parity. A high indicates one or more error conditions were detected for the
current word. : : . S : L

SYNC TYPE ERROR: This output, which is valid for received words only, indi-
cates {when high) that the decoded sync type for the current word varied from the
anticipated sync type for the format and word count of the message being received.

PARITY ERROR: This output high indicates that odd parity was not decoded for
the current word.

MANCHESTER ERROR:  This output high indicates a Manthester IT encoding error
in the current word. N

LoW BIT COUNT: This output high indicates that less.than 17 bits were decoded
for the current word. -

HIGH BIT COUNT: This output high indicates that more than 17 bits were de-
coded for the current word.

FRROR ENABLE: When asserted low, this input activates the tri-state outputs
for TRANSMIT/RECEIVE, DATA/COMMAND SYNC, VALID WORD, SYNC TYPE ERROR, PARITY ERROR,
MANCHESTER ERROR, LOW BIT COUNT and HIGH BIT COUNT. 2 '

BLOCK ADDRESS 2 {MSB), 1 and O (LSB): These three bits.indicate one less

(0-7) than the number of the current Exerciser message block {1-8) when the instru-
ment is operating in either BC or RT mode.
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RT TRIGGER WORD: This output is applicable for RT mode only. When it is low,
it indicates that the current word is a received comnand word containing one of the
Exerciser's programmed "RT Address/T-R bit" combinatiens.

BLOCK ADDRESS ENABLE: When asserted low, this input activates the tri-state
outputs for BLOCK ADDRESS 2, 1 and 0, and RT TRIGGER WORD.

WORD FLAG: This output is high for all words. It may be used to set a flag
bit in an external memory that had been previously cleared by the external system.
It may then be used to distinguish between used and unused memory locations.

BUS FAULT: This output high indicates that a word, word count or format error
has occurred in the current frame (BC mode) or current message (RT mode).

~ REPLY TIMEOUT: This output high indicates that an external RT has responded
later than the programmed value for response timeout, or earlier than 4 us (per
MIL~-STD-1553B).

TRANSMITTER TIMEOUT: This output high indicates that there has been continu-
ous activity on the BUS for longer than 800 us.

FAULT ENABLE: When asserted low, this input activates the tri-state outputs
for WORD FLAG, BUS FAULT, REPLY TIMEOUT and TRANSMITTER TIMEOUT.

The remaining six outputs are real time signals that may be used in various
testing applications. They are TTL positive-true outputs (not tri-states).

START-OF-MESSAGE: This 125 ns positive pulse marks the start of the Inter-
message Gap delay time for BC mode, or the reception of a comnand word containing
one of the Exerciser's programmed RT address/T-R bit combinations for RT mede.

END-OF-MESSAGE: This 125 ns positive pulse occurs after the Tast transmitted
or received word has been transferred from (to) the Exerciser message RAM for the
current message in BC or RT mode, or after a reply timeout condition has occurred.

FRAME ENABLE: This signal high indicates that the Exercisér is currently
processing a frame of messages in BC mode, or is on-line and either processing or
anticipating to process a message, in RT mode.

BUS CYCLE ACTIVE: This output high indicates that the Exerciser is presently
processing a message in BC or RT mode. BUS CYCLE ACTIVE is the signal used for the
Exerciser's Front and rear panel SYNC OUTPUT connectors.

LINE ACTIVE: This positive-true output indicates that there is currently ac-
tivity on the serial bus.

ENCODER CLOCK: When this output is a continuous low level, it indicates that
the Exerciser is not transmitting on the serial bus. When the Exerciser is trans-
mitting, this signal will be a 2 MHz clock output with each rising edge shifting the
sync/data/parity bits through the encoder. For induced zero-crossing deviation
errors, the period of this clock changes to 312.5, 375, 625 or 687.5 ns for a single
cycle.
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2.9.4.2 REAL-TIME MONITOR TIMING

The timing diagrams of Figures 2-11 (BC mode) and 2-12 (RT mode) illustrate
the operation of the Real-Time Monitor/Trigger Interface. Figure 2-13 indicates the
real-time monitor/trigger output for various message error conditions {shown for BC
mode) . : ' o

2.9.5 EXTERNAL TRIGGERING AND BUS SWITCHING TEST FOR DUAL REDUNDANT RTs

, The SAE ASD-1 production test plan for MIL-STD-1553 RTs includes a requirement
for testing of dual redundant RT operation. In order to pecform this test, it is
necessary to transmit on two 1553 buses simultaneously.

As shown in Figure 2-14, it is possible to implement the bus switching test by
using two Exercisers. The sequence for the test is as follows:

1) Send a transmit command word requesting 32 data words on either of the
RT's dual redundant channels {channel A in the example shown). Verify for
either no response, clear status, or truncated response from this RT
channel,

2} Following a programmed delay of at Jeast 4 us, send a similar command word
to the RT's alternate channel. Verify for a response of Clear Status and
32 data words from this channel. '

3} Send a valid transmit status mode code command to the first channel of the
RT. Assuming this mode code is implemented by the RT, verify for Clear
Status response.

For dual radundant RTs, the bus switching test must be performed for both
channels.

2.9.5.1 INTERNAL/EXTERNAL TRIGGER SELECT

For most test scenarios, the start of BC transmission is initiated directly by
either pressing the front panel RUN pushbutton or by entering either a Tow~speed go
command ar a high-speed "!" command from one of the three remote interfaces.

The Exerciser offers the choice of "axternal" triggering as an alternative to
the normal "internal" triggering. "External® triggering is required for performing
the Bus Switching test and may be used in other applications where it 1is required %o
synchronize the start of Exerciser transmission to an external event.

In order to initiate BC transmission in "External" trigger mode, two events
must occur:

1) The RUN pushbutton must be pressed, or a 10w—speed'GO command or high-
speed("!")command issued, or the BC may be started via the IEEE-488 (GPIB)
interface - usiag DMA. (Refer to paragraph 2.11.5.11.)

2} The TRIGGER INPUT signail to J15-13 must be asserted as a logic zero level.
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Figure 2-11,

Real-Time Monitor/Trigger Timing for BC Mode
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Figure 2-12, Real-Time Monitor/Trigger Timing for RT Mode
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Figure 2-13. Real-Time Monitor/Trigger Timing for Message Error Condition (BC Mode)
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BUS A
(BUS-63005 #1)

qus B
(BUS-6B005 #2)
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TX STATUS
MODE CODE

STATU;'
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T ' T
- . STATUS
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Figure 2-14.

‘ 4 to 700 us

Bus Switching Test Using Two Exercisers



The possible timing sequences for "External" triggering are illustrated in
Figure 2-15. The start of BC transmission will only occur after both of these
events occur. In effect, if the Go command (or equivalent) is executed after a
TRIGGER INPUT pulse has been received, the Exerciser will initiate transmission fol-
lowing a delay corresponding to the programmed Intermessage Gap Time {IMG) for mes-
sage block 1. [If the Go command is executed first, the start of transmission will
occur after the programmed intermessage gap time has elapsed after the TRIGGER INPUT
has been asserted low. [f a Go command is executed and no TRIGGER INPUT pulse is
recaived before a subsequent Halt I/0 command (or HALT pushbutton) is processed, the
Exerciser will switch to its off-line {halted) state without processing any
messages.

2.9.5.2 TRIGGER OUTPUT

In addition to the TRIGGER INPUT signal, there is also a TRIGGER UUTPUT signal
(J15-12) associated with the external trigger mode. As shown in _Figures 2-14 and
2-1b, TRIGGER OUTPUT 1is used for synchronizing two Exercisers. TRIGGER OUTPUT 1s
asserted low from the time that the Go command (or equivalent} is_executed until the
time that the Exerciser actually starts processing messages. If TRIGGER INPUT was a
low prior to the Go command, TRIGGER OUTPUT will be_low for 125 ns (typical), 300 ns
maximum. LIf the Go command is processed prior to TRIGGER INPUT being asserted low,
TRIGGER OUTPUT will go low and remain low until the time that the frame is started
by bringing TRIGGER INPUT low. As shown in Figure 2-14, the TRIGGER INPUT and
TRIGGER OUIPUT signals are crosscoupled between the two Exercisers in order to
synchronize the two instruments. No external delay timing is required.

External trigger is applicable for both single and repeat BC operation.
Following power turn-on, the value of the trigger parameter defaults to Internal.

2.9.5.3 BUS SWITCHING TEST IMPLEMENTATION USING THWO EXERCISERS

In order to configure two Exercisers to execute the test sequence indicated in
Figure 2-14, the instruments must be configured and programmed as follows:

1) Connect the TRIGGER INPUT, TRIGGER DUTPUT and ground signals as indicated.

2} Program both instruments for External Trigger BC mode (TGE via I/0
command).

3) Program an intermessage gap time of 7 us for message block 1 of Exer-
ciser 1. Program an intermessage gap time of (7 + (desired delay time
interval)) us for message block 1 of Exerciser 2.

4) Program the desired message formats, comnand words and data words for the
two messages for Exerciser 1 and the single message for Exerciser 2.

5) Specify Single or Repeat BC operation for the two instruments, as desired.

6} Initiate the test sequence by either pressing the two RUN pushbuttons or
by implementing a GO or (!) I/O command, or by sending the appropriate
data via the IEEE-488 GPIB DMA interfaces to both instruments. {Refer to
paragraph 2.11.5.11.}
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2.9.5.4 BUS SHITCHIﬂG USING EXERCISER AND A BUS-68015 NOISE TESTER

The Bus Switching test implementation using one Exerciser and a BUS-68015
Noise Tester is accomplished as follows:

1)
2)

4)

Connect the equipment as shown in Figure 2-16.

By referring to the timing diagram of Figure 2-17, it may be seen that the
BC transmission from the BUS-68015 Noise Tester will occur exactly 1000 us
gl ms) after its SYNC output is first asserted low. By connecting the
TNC output of the BUS-68015 Noise Tester to the TRIGGER INPUT {J15-13) of
the Exerciser, the start of transmission for the Exerciser may be synchro-
nized to occur over the range from -993 us to +1047 us with respect to the
BUS-68015 Nojse Tester's transmission. This variation is provided by the
programming of the intermessage gap time parameter for the message to be
transmitted by the Exerciser.

By means of the IEEE-488 (GPIB) interface, configure the Exerciser to pro-
cess a single transmit command to the RT under tést. The Exerciser must
be programmed for "external” trigger mode, with a transmit command to the
appropriate RT address/subaddress, directing it to transmit its maximum
number of data words {usually 32). In addition, the intermessage gap time
parameter must be specified to correspond to the desired delay time with
respect to the BUS-68015 Noise Tester's transmission and, finally, a GO
command (efther low-speed or high-speed) must be issued. This prepares
the Exerciser to transmit after it receives the TRIGGER INPUT (sync) pulse
from the BUS-68015 Noise Tester.

An example of such an Exerciser command string is as follows:
TGE ;IMxxxx3;PG0OC20;60 carriage return

Note that xxxx assumes the value of 1000 + (delay time) for the case of
the BUS-68015 Noise Tester transmitting prior to the Exerciser, or 1000 -
(delay time) for the case of the Exerciser transmitting prior to the
BUS-68015 Noise Tester. It should also be noted that the command word
0C20 diracts RT 1, subaddress 1 to transmit 32 data words.

By means of the IEEE-488 (GPIB) interface, configure the BUS-68015 Noise
Tester to send a similar transmit command to the RT under test. The
BUS-68015 Noise Tester must also be programmed for the appropriate trans-
mitter anplitude and to be initially in its halt state with its noise
output disabled.

The following sample BUS-68015 Noise Tester command string sequence is repre-
sentative of what is required:

(i) SL117:HANF;

This sets the transmitter amplitude to approximately 3.0 Vpp,
direct coupled across 35 ohms (per the SAE AE-9A Production Test
Plan). It also puts the instrument into its hait state with its
noise output disabled. -
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Figure 2-17.
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(tii)

PR
Ry

TRUNCATED
R.T. RESPONSE

Bus Switching Test Timing Diagram for Exerciser/BUS-68015 Noise Tester

) 03 81 o0C 20

This "high-speed" input command configures the BUS-68015 Noise
Tester to process a message containing a transmit command word for
RT address 1, subaddress 1 to transmit 32 data words --- identical
to the command word to be issued by the Exerciser. Note that ths
first hex byte contains control bits, the second and third bytes
contain 16-bit data. Refer to the BUS-68015 Noise Tester Instruc-
tion Manual for an explanation of the control bits.

The "high-speed” Go (!} command to the BUS-68015 Noise Tester
initiates the BC message transmission for both the BUS-68015 Noise
Tester and the Exerciser.

After the message sequences have been processed, the Exerciser should be
interrogated to determine the response from the RT under test to the bus
switching test message. This is done by means of a Send Block command:

SB carriage return

The reply string will (for example) be 0c20, 0080;0800, 8080 ;0000, 80C0;0001,

80C0;

.+». OOLF,80C0;

Refer to paragraph 2.11 for further information regarding the format of
the reply string to the Send Block command. :
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6) To interrogate for the reply string for the BUS-68015 Noise Tester
message, a high-speed output command must be sent as follows (to the
BUS-68015 Noise Tester):

{ 83

This directs the BUS-68015 Noise Tester to return a reply string of 63
{hex) (99 decimal) bytes --- three bytes representing the RT status word
and each of the 32 data words. The first byte representing each word con-
tains flag bits, the second and third bytes contain the 16-bit data.

A typical BUS-68015 Noise Tester reply string is formatted as follows:
87 08 00 85 00 00 85 00 01 .... 85 00 1F

Refer to the BUS-68015 Noise Tester Instruction Manual for bit coding of
the flag byte and additional information regarding the reply string.

2.10 EXERCISER OPTION VIA FRONT PANEL KEYBOARD

As previously mentioned, the Exerciser is fully controllable by means of the
front panel keyboard. As shown in Figure 2-18, the keyboard is comprised of a total
of 24 pushbuttons. In addition, there are two pushbuttons for run/halt control.

The sixteen keys in the four righthand columns of the keyboard enable manual
entry of both decimal and hexidecimal (hex)} types of data. -On each of these keys,
the hex data values are marked in blue. A1l these keys are dual function keys.
That is, in addition to the hex data values, they contain upper case functions,
labeled in red. '

ENT CLR LOC SN RP MODE FRMT
RUN 0 1 2 3
O NEXT NEXT RTAD RESP MG WD CT
| WORD BLOCK 3 5 6 7
PROG READ ER BP FRTM PRNT MS CT
HALT 8 9 A B
O CNTL SELF TA CH HLTER T/0UT TRIG
TEST ¢ D E F

Figure 2-18. Front Panel Keyboard Layout
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The sixteen keys in the four righthand columns of the keyboard enable manual
entry of both decimal and hexidecimal (hex) types of data. On each of these keys,
the hex data vlaues are marked in blue. A1l of these keys are dual function keys.

That s, in addition to the hex data values, they contain uppper case functions,
labeled in red.’

Although all message data is entered, verified and reviewed in hex, most of
the instrument parameters (e.g., word and message counts, response time, etc,) must
be entered in decimal format.

The eight keys in the two lefthand columns of the keyboard are used for en-
tering instrument commands such as Enter, Clear, Program, Read, etc. The "CNTL", or
control key in the lower left corner is always used in conjunction with one of the
thirteen dual-function keys in order to enter instrument parameters. For example,
in order to update the value of the response time parameter, it is necessary to
first press the "CNTL" key, then press the “RESP" key while still holding down the
CNTL kex. The parameter may then be updated by entering one or two digits followed
by "ENT". .

2.10.1 A4-DIGIT HEX PRESENTATION OF MIL-STD-1553 COMMAND AND STATUS WORDS

When using the keyboard "PROG" command to program words to be transmitted to
the Exerciser, or using the "READ" command to review received words, it must be
noted that all command, status and data words are represented by four hex digits.
Simitarly, when the instrument is operated over one of the remote interfaces, the 4-
digit hex (or- 16-bit binary for the "high-speed" or DMA commands) representation is
also .used.

The formats for MIL-STD-1553 command and status words are as shown below: .

_ R.T. Sub- Data Word
' Sync Address Count/mode
COMMAND | Field R.T. Address |T/R Field Code Field |Parity
WORD (3 us:) Field (5 bits) |Bit (5 bits) (5 bits) Bit
Broad- Dynamic
Sync. | R.T. Address| Message { Instru- Service | Re- cast Sub- Bus Con-{ Term-
STATUS Field Field Error mentation | Request | served { Command | Busy | System trol Ae- | inal Parity
WORD | (3 us) { (5 bits) Bit Bit Bit (3 bits)| Received | Bit | Flag | ceptance| Flag | 8it
Bit

The conversion from the command word 4-field representation to the 4-digit hex
representation takes place as follows:

o The first hex digit is comprised of the upper four hits of the RT address
field.

o The second hex digit is comprised of the LSB of the address field, the T/R
bit and the upper two bits of the subaddress field.

o The third hex digit is comprised of the three lower bits of the subaddress
field and the MSB of the word count/mode code field.

o The fourth hex digit is comprised of the lower four bits of the word
count/mode code field.
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This is i1lustrated as follows:

R.T. ADDRESS WORD COUNT
FIELD T/R BIT R.T. SUBADDRESS FIELD {/MODE CODE FIELD
aslazlaziallag {T/R] sS4 |83 |82 S1{5S¢ [Ca c3jczicl|Co
First Second Third Fourth
Hex Hex Hex Hex
Digit Digit Digit Digit
Similarly, for an RT status word, the hex digits are defined as follows:
Broad- Cynamic
R.T. Address Message Service cast Sui- Bus
Field error Instrutnent- | Request Reserved Cammand Busy sysiem Cantrol Terminai
A41A3IA2‘AI AD Bit ation Bit Bit {3 bits} Received Bit Flag Acceptance | Flag
First Second Third Fourth
Hex Hex Hex Hex
Digit Digit Digit Digit

To illustrate by example:

First consider a transmit Command word to RT 17

(Decimal), subaddress 6 to transmit 25 data words.

Subaddress Field = 6

Data Word Count = 25

Address Field = 17 | T/R bit = 1
1 0 0 0 1 1 g olt 1 O 1]1 0 0O 1
8 C D 9.

The hex representation of this Command word is thus 8CUY.

As a second example, con
23, with the Message Error bit and all other Statu

R.T. Address | Message
Field = 23 | Error Other
Bit Status Bits
1 01 1J1]0 00l000O0|00OO
B 8 0 0

The 4-digit hex representation of this Status word is therefore B3800.
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2.10.2 KEYBOARD COMMAND TABLE

The operation of the Exerciser's keyboard and display is summarized in
Table 2-14. '

Figure 2-19 illustrates the generalized flow diagram for manual programming of

the Exerciser for both the BC and RT modes.
parameter entries are optional

It should be noted that a number of the

and do not have to be user-specified. These

parameters are frame time, error bit position, response time and intermessage gap
time. These parameters assume their power turn-on values or previously assigned
values, if left unprogrammed. -

Exerciser Keyboard and Display Functions

KEY SEQLUENCE FUNCTION DISPLAY/INDICATION
| CNTL | LOC Selects local mode of exerciser control LOCAL Indicator lights up
4]
| CNTL | MODE Salects (alternatively) BC or RT Indicaior
2 Bus cantrollar or Remote Terminal operation | Indicator lights up
| CNTLI SNRP Selects (alternatively) SINGLE or REPEAT Indicator
1 Single or Repest (continvous) mode of lights up
operation
I CNTL] FRMT tnformation transfer format the currant block | The 4-digit (HEX) display wili indicate the
3 is salected. See discussion of format in ane or two-digit format
Paragraph 2.9.15
One or
Two Hex
Digits DIGIT
{Right ENT
Justified)
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Table 2-14. Exerciser Keyboard and Display Functions - cont.

Two ar Three

mode is specified. Allowable range is
fram 7 to 2047 us. See Figure 2-7.

CNTL RESP | Simulated Remote Terminal Responss Time | The 4-digit (HEX) data dispiay will tndicate the
5 is antared as ? decimal digits. The allowable | one or two-digit response tima, in
One or range for response tima is from 5 to 32 {us.) microseconds,
Two Decimal | DIGIT I for B.C. mode and from 6 to 32 {us.) for A.T.
Digits {Right mode.
Justified} | DIGIT ] .
ENT
| CNTL I IMG The Intermessage Gap time preceding a The 4-digit (HEX} data display wifl indicate
5 given massage block for Bus Controller the two or three-digit intermessage gap time,

in microseconds.

The data word count for a given message
block is specified. For A.T. mode, this
parameter must be programmed. For B.C.
mode, word count defaults to the correct
valua if unspeciied. Allowable range for
word count is from 0 to 45 words.

The 4-digit {HEX} data display will indicate
the one or two-digit data word count.

One or Two
Hax Qigits
{Right
Justified)

Decimal Digits
(Right DIGIT
Jugtified) DIGIT
ENT
l CNTLl WD?CT
One ar Twe DIGIT
Decimal Digits
{Right
Justifiad)
ENT
| CNTL l ER BPF
8

The sync and/or Manches(&r error position
for the current word is specified. See
paragraph 2.08.1.7

Tha block and word number are displayed in
their normal positions. The one or two-digit
{HEX) error position code will appear

in the four-digit (HEX) data sectior of

of the display.

| CNTL |

One, Two, ar
Three Decimal

|FF‘1‘.TM |

DIGIT

Ik

The "frama time", or overall repetition time
for a series of messages 1o be execuled in
Bus Controlier mode is programmed. The
aflowabla range for frame lime is from 2 to

. The 4-digit {HEX) Data Section of the display

will show the antered data.
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the current word is the 1est word in the black,
the “next word" becomes the first word of the
block. “"NEXT WORD" is also used in
conjunction with "PROG” (ses below).

Diglts DIGIT 500 ms. See Figure 2.7,
{Right
Justitied) DIGIT
[enr |
{ CNTLI PRANT A user-friendly message thal can be No change from previous indication
A displayed on a CRT termingl or prinier,
convaying all information about the current
massage block, is outputied via the instru-
ment's RS-232 port. Sge Figure 2-23.
| CNTL | MSCT The number of messages (blocks) to be The 4-digit {HEX) Data Section will show the
B executed in Bus Cantroiler mode is specified. | entered message caunt informalion
] The allowable range for message count is
from 110 8,
Gne Decimal DIGIT
Digit
ENT
CLR Clear function. Terminzies data or parameter | Tha display reverts back to its state prior to the
entry. Also used to enable instrument start of entry of the last command
operation in the evant of self-lest failure at
power turn-on,
MHEXT The current word number pointer {within Tha next (or first} word in the message block
WORD the current block) is ingramenied by one. i is displayed in the block, T/R, word number,

data and error fields.




Tahle 2-14,

Exerciser Keyboard and Display

Functions ~- cont.

NEXT
BLOCK

The block pointer is incremented to the next
highest block. or 1o biock 1 if the current
bleck numbar is 8. The ward pointer

than points ¢ the first word of the new
current block,

The first word of the new current block is
displayed in tha block, T/R, word number, data
and error fields.

Tha data contents and arror codes of fhe
currant word, Or successive words within a

The block number, T/R bit, word numbar, deta
and errer fields lor sach word will be displayed

following failure of the -1553 “Wrap-aroung”
test at power turn-on, It may be used to
revitwy the individua! “faiied” word paitarns.

QOne !¢ Six From one to a | massage block are programmad. Multipla as entered.
F;ex aig;';s. H full messages | words are :_'epnratad by & “NEXT WORD"
er Wo - biock full of | entiy. “ENT™ tarminates antry of the string of
words may ba | words, if the entry string for a given word is
NEXT programmead | four HEX diglis or iess, the string represenis
WORD | bythe one right-justitiad data only, with the "error” field
“PROG"™ defaulting to 00, If programmed, the fith and
- Command. | sixth HEX digits represant the {right justilied}
i ersor field for the word, See Paragraph
2.09.1.7 far ancoding of the error fisld for
. *TRANSMIT words,
- (&)
4
Ths “BEAD" command positions the word The appropriate word is displayed in the
painter to a specific block and word for biock number, T/R bit, word number, data and
roviaw. The bleck number is specilied by error figlds, The “T/R" fieid is decoded as
Thres the first digit entered. The word number foliows:
Dacimal wilthin the block is specified by the second T. Transmit Word
igita and third digits. Refar to table 2.5 for R. Received Word
gecoding of the arrof fialds for P: Word Pending Recaption; that is, either the
"TRANSMIT and “RECEIVE” words message has not yet been executed: or it
ENT ’ has been axeculed and the anticipated
“"RECEIVE" word was not received
- Word tocation is not used {or the particular
mode/tormat/word count of the message
block
L(_:NTL | SELF Causas tha instrument to perform its internal | In sequence:
TEST soli-tazt, Thix test exsrcises PROM, {1) All L.E.D.'s Blank (1 second)
“Massage” and "A.T. Trigger” RAMS, and {2) All L.E.D.s illuminale {1 second)
» "“wrap-around” test of the -1553 ancoder/ {3) “PASS" or "FAIL" is dispiayed in the 4-digi
decocer circuitry. Following self-tast, the {HEX) data display. If "FAIL" is displayed.
inatrumeist reinitializes to ity power turm-cn a two-digit “fail-code” is displayed in the
state:Bus Controller made, local, single errar lield. Ses Paragraph 2.5 for interpre-
trama, single block, ete. tation of the "Fail Codes”.
BELF Tesi LE.D.'s. In sequence:
TEST {1} All L.LE.D."s biank ({1 second)
{2} All L.E.D.'s illuminate {1 second)
{3} The display raveris back to its previcus
state,
[enTL | | ReaD | This command may only be invoked “g" ig displayed in tha "Block” field. "D" for
data, or “E" tor Error is displayed in the

“Direction” fieid. The self-tast word numbar
{trom 1 to 36) is displayed in the word numbaes
fiald. The arroneous data or errer word that
failed appears in the "sixteen-bit data" field,
Sea Paragraph 4.4 for a more detaiied
discussion of thia diagnostic function.




Tabie 2-14. Exerciser Keyboard and Display Functions - cont.

RKEY
SEQUENCE

FUNCTION

DISPLAY/INDICATION

[exTi]TA cE |

DIGIT
DIGIT

Relative trans-
mitter is pro-
grammable in the
range from 0 to
255, corresponding
te approximately 0
to 9.75vpp,direct-
coupled across

35 Ohms,

"TA" will be displayed in the
"BLOCK/DIRECTION" field. The 4{-
digit (HEX) data section for the
"16-BIT DATA" field will indicate
the 1,2,0r 3-digit relative trans-
mitter amplitude as entered.

[>]
90 EEEEH

fenrrliTa CH | The active BUS "CH" will be displayed in the
channel is se- "BLOCK/DIR" field. "=-A" or
lected as either "-B" will be displayed in
Channel A or the "WORD NO." field, as pro-
Channel B. grammed.

iCNTL"HLTER l The "HALT-ON-ERRCR" "HE" will be displayed in the

parameter is en-
tered as a 1 or 2-di-
git decimal number
from 0 to 99. An entry
of 0 specifies contin-
ucus operation without
halt on-error. An en-
try of 1 to 99 indi-
cates to halt follow-
ing the occurrence of
the specified number
of erroneocus message
frames (BC mode only).

"BLOCK/DIR" field. The 4-digit
(HEX) data section for the" l6-
BIT DATA" field will display
the entered data.

lenTLlj T /0UT |

ENT

The RT response time-

out interval (MIL-STD-

15538 definition) is
programmable over the
range from 5 to 32
microseceonds, in 1
microsecond steps.

"TO" will be displayed in the .
- "BLOCK/DIR" field. The 4 digit

(BEEX) data section for the

"16-BIT DATA" field will display

the entered data.
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Table 2-14,

Exerciser Keyboard and Display Functions - cont.

KEY
SEQUENCE

FUNCTION

" DISPLAY/INDICATION

[ecnTL][TRIG ]
BElo

In order to enable
"External" trigger-
ing (usually from
another BUS-68005)
of the Exerciser to
synchronize the
start of BC trans-
mission, specify
"E". To enable nor-
mal "internal”
Erigge:ing, specify
i,

"TG" will be displayed in the
"BLOCK/DIR" field. "1" or "E",
as programmed, will be displayed
as the last digit of the "16-
BIT DATA" field.

cNTL

[@oz[i]

$ 0L,

(=]

[0]or (1]

Sl

The "R.T.Address/

T-R bit" combination
for the current block
is enabled as a trans-
mitting or receiving
R.T. at the specified
address. Since the
*linked"” field is

not specified, it de-
faults to the current
block {no link).

Similar to the entry
described above, ex-
cept that the third
digit entered speci-
fies the "linked to"
block number, or the
data block to be pro-
ceassed the second
time that the R.T. is
addrassed. The third
digit may also be spe-
cified as the current
block number ("no
link"™, similar to the
default) or as "d4d",
specifying that the
gimulated R.T. is to
go "off-line" after
it has processed one
nessage.

The current block will be displayed

in the "ERROR"(denoting "links to
itself") as well as the "BLOCRK"
display fields. E, followed by r
{for 0),or T{for 1), followed by
the two—digit terminal address,
will be displayed in the "16-BIT
DATA" field.

Similar to above,except that the
third digit (or "d") entered is
displayed in the "ERROR CODE" -

field, denoting the number of the

"linked to" hlock.



Table 2-14. Exerciser Keyboard and Display Functions - coht.

REY
SEQUENCE FUNCTION DISPLAY/INDICATION
, 01, An entry of'“d” dig~- The current block will be dis-

[l fmas)
Joln

AL,

T30

QL

ables the current block
and,effectively, any
blocks that were
"linked to" from this
block. An entry of "d"
to a "linkad tco” block
specifies that the
simulated R.T. will

go "off-line” after

the current block
processes one message.
An entry of "c" disables
ALL EIGHT message
blocks.

The digit specifies the
"linked to” block for
the current block, if
the block has been
previously "enabled”

or "linked to”.

The "R.T. Address”
parameter is
interrogated,

played in the "BLOCK" field

The letter "d" or "c¢", as
programmed, will appear in

the "16-BIT DATA" field for
previously "enabled" blocks.

For previously "linked to" blocks,
"d" will appear in the

*"ERROR CODE" field.

The current block will be
displayed in the "BLOCK"
field. E or L, followed by ¢
or t,followed by the two-digit
R. T. Address will be dis-
played in the "16-BIT DATA"
field. The entered "linked
to" digit will be displayed
in the "ERROR CODE" field.
{examples: Lr0l 2,

Lt08 1)

The block number will be dis-
played in the "BLOCK" field.
Either "E" (Enabled as head link
of chain), "L" {"linked to" bleck}
or d (disabled) is displayed as
the first digit of the "16-BIT
DATA" field. If appropriate

("E" or "L"), the following
three digits display the trans-
mit/receive and R.T. Address
information and the "ERROR CODE"
field displays the "linked to"
block number.

Pressing the "HALT"

button terminates message
processing by the Exerciser.
In the B.C. "HALT-ON-ERROR’
mode, the Exerciser will
halt automatically after
the specified number of
erroneous frames has
occcurred.

"HALT" will be displayed in the
"16~-BIT DATA" field. The number
of erroneous message frames that
occurred will appear in the "ERROR
CopE" field. If "HALT-ON-ERROR" is
disabled ("HALT~ON-ERROR" = 0} or
no errors have occurred, this field
will indicate zero (00).
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CNTL TA CH
DIGIT/DIGIT/DIGIT!
ENT/DIGIT/ENT

¥

CNTL TIQUT
DIGIT/DIGIT
ENT

BC ATy
l CNTL MODE
CNTL HLTER
DIGIT/DIGHT!
ENT
¥
CNTL TAIG
DIGIT
EM
¥ :
CNTLMSCT
HEAD 101
oerr ENT
¥ ¥
CNTLFR TM" CNTLRTAD
 DIGITDIGIT/DIGT DIGITDIGT
ENT DIGITDIGIT
s ENT
READ X
101
CNTLWDCT
ENT DIGIT/DIGIT
< &
¥
CNTLFAMT
b )is GNTL FRMT
D'GEI?I!G Dlﬁggﬁ'“
¥
PROG :
DIGIT/DIGTDIGT READ
DIGITTIGIT/DIGH DIGIT/DIGITDIGT
ENT ENT
¥ ¥
PROG
| wexrworo | “Begper B DT oG
7o DIGT/DIGTOIGT
[
¥
CNTL RESP
CNTLER BP
olcoian DIGT/DIGIT NEXTWORD
5 ENT
CNTL IMG cnn.:zsp
| | et
ENT
| RUN
READ 101
ENT

Figure 2-19. Keyboard Programming Flowchart
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2.10.3 EXAMPLE OF EXERCISER OPERATION VIA FRONT PANEL KEYBOARD CONTROL

The following example illustrates the use of the front panel keyboard to pro-
gram a typical set of 1553 message sequences.

The example begins by discussing the power turn-on sequence. It then i1lus-
rrates Exerciser operation in BC mode for a BC-to-RT transfer message, an RT-to-RT
transfer message and for a bus switching test sequence, involying the synchronizing
of two Exercisers.

In the second part of the example, the Exerciser is programmed as an RT
simulator. In this portion, block Yinking, multiple RT simulation, and induced
grror programming are included.

The final portion of the example illustrates the reguired steps necessary to
switch between local and remote control modes.

For the first part of the example, it is assumed that the instrument's chan-
nel B bus connector is connected to a set of 1553 RTs over a properly terminated
bus. 1In addition, it is assumed that the Exerciser power switch is initially in the
off position. '

Refore programming the message specific commands for BC operation, power is
turned on and the user specifies a 5 ms frame time, a relative transmitter amplitude
of 125 (approximately 4 Vpp, direct coupled}, Channel B as the active bus channel,
and an RT response timeout value of 14 us. Ii should be noted that following power
turn-on, the Exerciser defaults to single BC mode, with Channel A the active bus
channel, with a relative transmitter amplitude of 6.5 Vpp, a frame time of 10 ms,
and 2 programmed response timeout of 15 us.
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The power turn-on and initializing key sequences are performed as follows:

DISPLAY
KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA | CODE EFFECT

In sequence:

Power Switch On A1l horizontal LEDs illuminate Power turn-on
(a1l displays off) Blank displays
88 88 8888 88 Lamp test display
In PASS Self-test PASS indication
Sequence - -= -——— 09 Current software revision
1T 0l 0840 00 Default command word for

message block 1

CNTL FR T™M
9
BC frame time is programmed
5 to 5 ms.
ENT 5
CNTL TA CH
C
Relative transmitter ampli-
1 tude is programmed to 125,
corresponding to about
2 4 Vpp, direct coupled
across 35 ohms.
5
ENT TA 125
B Channel B is designated
as the active BUS
ENT CH b channel.
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DISPLAY

KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE EFFECT
CNTL T/0UT
E
RT response timeout is
1 specified for a value of
14 us.
4
ENT TO 14

The first message to be processed in BC mode will be a BC-to-RT transfer of

three data words, as shown below:

2 Receive Command Data Data Data RT )
0823 1357 2468 ABCD Status
The programming for this message 15 as follows:
DISPLAY
KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR :
ENTRY DIR. NO. DATA CODE EFFECT
PROG
Following power turn-on,
0 the Exerciser's word/
block pointer defaults
8 to word 1 of block 1.
The hex command 0823 is
2 1T 0l 0823 00 a receive command of
three data words to RT
3 address 1, subaddress 1.
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KEYBOARD
ENTRY

DISPLAY

BLOCK/
DIR.

WORD

NG.

16-B1IT
" DATA

ERROR
CODE

EFFECT

NEXT
WORD

1T

02

1357

00

The first data word is
specified as 1357, with
no induced errors (by
default).

NEXT
WORD

1T

03

2468

00

The second data word is
2468.

NEXT
WORD

1T

04

ABCD

00

The third data word is
ABCD.
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DISPLAY

KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR

ENTRY DIR. NO. DATA CODE EFFECT

ENT 1T 04 ABCD 00 The first four words of
message block 1 (command
word plus three data
words) are loaded into the
Exerciser Message RAM.

NEXT 1P 05 0003 00 Note that the next (fifth)

WORD word in Block 1 has a

direction indication of "P"
{pending received), indi-
cating that it is the loca-
tion of the anticipated

RT Status word.

Next, the programmed message is processed once (single BC mode}, as follows:

DISPLAY
KEYBOARD BLOCK/ | WORD [ 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE EFFECT
RUN BUSY (momentarily) The singie-message frame
(Z) HALT is processed a single
time.
READ
It is verified that the
1 Exerciser received an RT
Status word response of
0 0800 -- clear status
for RT Address 1, with
5 IR 05 0800 00 no word errors detected.
ENT
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The next message sequence, shown below, is comprised of the BC-to-RT message
descr ibed above plus an RT-to-RT transfer message.
sage, the Exerciser simulates the BC only, directing RT address 2, subaddress 2 to
send a single data word to RT address 3,

formatted as follows:

End of je——»57 U ————— =

first

For the RT-to=-RT transfer mes-

subaddress 4. The second message is

message

t Receive | Transmit
Command | Command
1881 1441

STATUS | DATA |+ STATUS

e

The two messages are to be separated by a programmed intermessage gap time of

50 us, as indicated above,

On-Evror mode until the first error is detected.

The key sequence s as follows:

The Z2-message frame is to be processed in Repeat, Halt-

DISPLAY
KEYRBOARD BLOCK/ WORD 16-BIT ERROR
ENTRY DIR. NO. DATA CODE EFFECT
CNTL SN RP R 05 0800 05 The Exerciser is con-

(SINGLE LFD turns off.
ENT REPEAT LED illuminates.)

figured for "Repeat"
BC mode.

CNTL MS CT

B The message count (blocks
per frame) is specified

4 2 as 2.

ENT

CNTL HLTER

D HE 1 The Exerciser is con-
figured to halt repeat BC

1 operation following the
first erroneous message

ENT frame.
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DISPLAY

KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE EFFECT
NEXT 2T 01 0840 00 The Exerciser's block/
BLOCK word pointer is incre-
mented to the first word
of block 2. This word
displays its default
value of 0840,
CNTL IMG
6 2 50 The intermessage gap
time for block 2, de-
5 fined as the gap be-
tween message 1 and
0 message 2, is specified
as 50 us.
ENT
CNTL FRMT
3 The format for message 2
is programmed as 0l. This
0 2 01 specifies an RT-to-RT
transfer message, with the
1 Exerciser simulating the
BC only.
ENT
PROG
The first command
1 word for block 2 is
programmed as 1881, a
8 receive command for
RT address 3, sub-
8 2T 0N 1881 00 address 4, to receive
one data word.
1
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DISPLAY

KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE EFFECT
NEXT
WORD
The second command word
— 1 for block 2 is programmed
as 1441, a transmit com-
4 mand for RT 2, subaddress
?, to transmit one data
4 2T 02 1441 00 word. The ENT key closure
causes the two command
1 words to be Toaded into
Exerciser message RAM.
ENT
BUSY '
0 The Exerciser repeats the
0 two-message frame se-
0 quence every 5 ms until
RUN After a period of time the first error is
(:) {could be seconds, detected. At this time,
] minutes, or hours) the Exerciser halts
F o transmission and
i 0 displays HALT Ol.
]
HALT 01
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The following key sequence may then be entered to determine the error that was

detected:
DISPLAY
KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE EFFECT
READ
1 A Clear Status response
of 0800, with no detected
0 1R 05 0800 00 errors having been
received for Block 1.
5
ENT
READ
2
A “Clear Status" response
0 with no errors is de-
tected from transmitting
3 RT Address Z.
ENT 2R 03 1000 00
NEXT A data word of 7777 with
WORD 2R 04 7777 00 no errors is detected
from the transmitting RT.
NEXT The status word response
WORD 2R 05 1800 18

from receiving the RT. -
Address 3 indicates "Clear :
Status,” but with the
Message Error (10} and
Parity Evror (08) bits N
set; therefore, the re- o
ceived parity error

caused the Exerciser to A
halt. n
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Before proceeding with the final portion of the BC example, the Bus Switching
test, the Exerciser is reinitialized to its power turn-on default state by invoking
a Self-Test command as follows:

DISPLAY
KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA - | CODE EFFECT
CNTL SELF In sequence: LEDs blank
TEST (all displays off) LED Tamp test
Self-test indication
e 38 8888 88 At this time, the
PASS Exerciser is in its
power turn-on
{default) state.

In the Bus Switching test, the starts of BC transmission for the two Exercisers
are synchronized to occur with a pre-programmed delay time between the two
instruments. The two Exerciser bus outputs are connected to alternate dual re-
dundant buses, In order to perform the synchronization, it is necessary to connect
the TRIGGER OUTPUT signal (J15-12) from each Exerciser to the TRIGGER INPUT signal
(J15-13) of the alternate instrument. The timing for the bus switching test to be
programmed is as follows:

BUS A TRANSMIT NO RESPONSE
(EXERCISER ~—-———COMMAND OR TRUNCATED - --¢ -
#1) 0c20 RE SPONSE
BUS B TRANSMIT STATUS WORD
(EXERCISER COMMAND PLUS 32 DATA [~ —
#2) 0c20 WORDS
=1 =5 us
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The necessary programming to configure Exerciser 1 to perform this test is as
follows:

DISPLAY
KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE EFFECT
CNTL "TRIG
F The Exerciser is con-
figured for External
E TG E Trigger mode for the
Bus Switching test.
ENT
CNTL IMG
6 The intermessage gap time
for block 1 for Exerciser
1 1, the time from the start
of frame triggering to
0 1 10 the start of transmission,
is specified as 10 us.
ENT
PROG
C The first word of block 1
is programmed as a trans-
2 17 0l 0C20 00 mit command to RT address
1, subaddress 1 to trans-
0 mit 32 words.
ENT

In order to configure Exerciser 2 to start its command word transmission 6 us
after Exerciser 1's transmission, this Exerciser should be programmed identically to
Exerciser 1, except that the intermessage gap time should he programmed for 16 us
instead of 10 us, to provide for the desired 6 us delay Lime,
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After both Exercisers have been programmed,

initiated by pressing the RUN pushbuttons for both instruments.
timing of the two RUN pushbuttons closures is not critical.

will then synchronize with each other, resulting in the desired timing.

the test sequence may then be
The order and exact
The two instruments

DISPLAY
KEYBOARD BLOCK/ | WORD | 16-BIT -{ ERROR
ENTRY DIR. NO. DATA CODE EFFECT

RUN BUSY-momentarily

C:) 0 The Exercisers have BOTH
o completed the programmed
0 bus switching test

HALT sequence.

At this time, both Exercisers may be interrogated by means of READ key se-
quences (NEXT WORD, etc.) to determine the response of the dual redundant RT under

test,

The next part of the example illustrates the Exerciser operating in 1ts multi-

RT simulator mode.

Before performing the detailed key sequence for configuring the

simulated terminals, the Exerciser is first reinitialized and switched to its RT

mode by invoking the following steps:

DISPLAY
KEYBOARD BLOCK/ { WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE EFFECT
CNTL SELF In sequence...(all displays off) | LEDs blank
TEST 38 28 8888 38 LED Tamp test
PASS Self-test indication

At this time, the
Exerciser is in its
power turn-on, or
default state (BC
mode).

CNTL MODE "BCY LED Turns Off The Exerciser switches

2 URT" LED Illuminates from BC to RY mode,
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In this example, Message Blocks 1, 2, and 3 are programmed to simulate two
RTs. Blocks 1 and 2 are configured to simulate RT address 18, transmitting two data
words. This illustrates the Exerciser's block linking capability. The first data
word transmitted in block 2 will be programmed to contain a Manchester encoding
error in its sixth data bit position. Block 3 is programmed to simulate RT address
23, receiving one data word. The response time for this RT is programmed to be 10
us. For the RT responses associated with blocks 1 and 2, the response time assumes
the default value for RT mode of 6 us.

The messages for the three message blocks are formatted as follows:

BLOCK 1

TRANSMIT STATUS DATA DATA
¢————4 COMMAND 9000 1111 2222 ?
) (9422)
6 us
BLOCK 2 l' 'I
DATA
TRANSMIT STATUS 3333 DATA
}—————o{ COMMAND 9000 WITH 6A21 ?
(9442) MANCHESTER
ERROR
BLOCK 3
RECEIVE DATA STATUS
3———— COMMAND (0378) 3800 —
(3821)
10 us
_,.1 |

The key sequence to enable these data blocks to be processed in repeat RT mode
is as follows:

DISPLAY
KEYBOARD BLOCK/ WORD | 16-BIT { ERROR
ENTRY DIR. NO. DATA CODE EFFECT
CNTL SN RP
1 PASS Exerciser switches from
{"SINGLE" LED Turns Off; "Singie" to "Repeat" RT
NREPEAT" LED Illuminates) mode.
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DISPLAY

KEYBOARD BLOCK/ | WORD | 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE EFFECT
CNTL RT AD
4
E Block 1 is programmed to
— simulate RT address 18,
1 1 Et18 2 transmitting. The "Tink"
field of 2 indicates that
1 block 2 will simulate RT
address 18 (transmitting),
8 the second time that it
is addressed, after the
2 Exerciser goes on-line.
ENT
CNTL WD CT
7 The transmit word
count for block 1's
2 1 2 RT is specified as
2-
ENT
READ
1
Word 2 has assumed the
: 0 1T 02 8000 00 value 9000, or "Clear
o Status,"™ for RT address 18.
et 2
ENT
o NEXT The default value of
' WORD 1T 03 0001 00 word 3 is 0001,
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DISPLAY

ERROR

KEYBOARD BLOCK/ | WORD | 16-BIT
ENTRY DIR. NO. DATA CODE EFFECT
PROG
1
The first data word
1 17 03 1111 00 is programmed as 1111.
1
1
NEXT
WORD
2
The second data word is
2 programmed as 2222.
Both data words are stored
2 1T 04 2222 00 in the Exerciser Message
RAM.
2
ENT
NEXT
BLOCK 2P 01 Ltl8 2 Second block.
CNTL RT AD The RT Address parameter
4 2 Ltig 2 for block 2 assumes the

same value as that of its
“1inked from" block {biock
1): RT address 18
(transmitting}. The de-
fault value of its "link"
field is 2, meaning

hlock 2 links to itself.
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e=d

i
.

DISPLAY

KEYBOARD BLOCK/ | WORD | 16-BIT { ERROR
ENTRY DIR. NO. DATA CODE EFFECT
1
2 Lt18 1 The link field is updated
ENT from 2 to 1. This means
that the third, fifth,
seventh, ... etc., times
that RT Address 18
{transmitting) is ad-
dressed, block 1 will be
referenced. Block 2 will
be referenced the second,
fourth, sixth, ... etec.,
times that RT address 18
{transmitting) is
addressed.
CNTL WD CT
7
The transmit data word
2 2 2 count is specified as 2.
ENT
READ
2
The word pointer is
0 2T 03 001 00 positioned to word
3 of block 2.
3
ENT
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DISPLAY

KEYBOARD BLOCK/ | WORD | 16-BIT { ERROR
ENTRY DIR. NO. DATA CODE EFFECT
PROG
3
3 The first data word for i
block 2 is programmed as
3 27 03 3333 04 3333, with an error code
of 04, This error code is
3 used to induce a
Manchester encoding ervor
0 in the data word.
4
ENT
CNTL ER BP
8 The programmed Error
Position, or Error
0 Modifier byte of 05
specifies that the
5 2 03 05 Manchester encoding error
will occur in the sixth
ENT data bit position.
NEXT
WORD
PROG
) The second data word
for block 2 is pro-
A 27 04 6A21 00 grammed as 6AZl.
2
1
ENT
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DISPLAY

KEYBOARD BLOCK/ | WORD { 16-BIT | ERROR
ENTRY DIR. NO. DATA CODE . EFFECT
NEXT 3P 01 0840 00 The block/word pointer
BLOCK ' is positioned to the
first word of block 3.
CNTL RTAD The RT Address simulated
4 by Block 3 is programmed
as Address 23, receiving.
E Note that the "linked to"
block number is not
0 3 £r23 3 specified and defaults to
the block's own number (3).
2 Therefore, block 3 will
) simulate RT Address 23
3 (receiving) every time
that it is addressed to
ENT receive data.

CNTL WD CT

7
The receive word count for
1 3 1 block 3 is specified as 1.
ENT
CNTL RESP
5

The RT response time
1 3 10 for block 3 is pro-
grammed as 10 us.

ENT
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DISPLAY

KEYBOARD BLOCK/ | WORD | 16-BIT } ERROR
ENTRY DIR. NO. DATA CODE EFFECT
NEXT The status word for
WORD block 3 assumes the
3T 03 B800 00 Clear Status value
NEXT for RT Address 23
WORD of B800. —
RUN The two simulated RTs
(:) BUSY (three blocks) are put
on-line to respond to
any and all commands
addressed to them.
HALT The two simulated RTs
HALT {three blocks) are taken
off-1ine.
READ
1 The transmit command word
received in block 1 (RT
0 1R 0 9422 00 address 18, subaddress 1,
transmit two words)
1 is reviewed.
ENT
NEXT 2R 01 9442 00 The transmit command word :
BL.OCK received in block 2 (RT -

address 18, subaddress 2,
transmit two words) is y
reviewed, B
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DISPLAY

KEYBOARD BLOCK/ | WORD {| 16-BIT | ERROR

ENTRY DIR. NO. DATA CODE EFFECT

NEXT 3R 01 - Bezl Q0 The "raceive" command

BLOCK word received in
block 3 {RT address 23,
subaddress 1, receive one
word) is reviewed.

NEXT 3R 02 0378 00 The received data word,

WORD 0378, is reviewed.

Instrument is
issued a command
from its selected
{via "I/0 SELECT"

"LOCAL" LED Turns Off
"REMOTE" LED Illuminates

The Exerciser switches
from Local (keyboard)

to Remote (host computer
interface) control mode.

switch S9) Subsequent keyboard
host computer entries {except for
interface.
CNTL] |[LOC {) will have
0
no effect.
CNTL LoC YREMOTE" LED Turns Off The instrument switches

"LOCAL" LED ITluminates

back to local control
mode. Subsequent key
entries made will now take
effect.
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2.11 EXERCISER OPERATION VIA REMOTE INTERFACES
2.11.1 OVERVIEMW:

The Exerciser 8-bit bidirectional parallel 1/0 port, IEEE-488 (GPIB) interface
and RS-232 port support three categories of I/0 commands, which are:

1) Low-Speed
2) High-Speed
3) OMA (IEEE-488 interface only)

The instrument accepts input commands and data from only one of the ports at a
given time. The enabled port is determined by the setting of rear panel I/0 SELECT
switch S8. Any attempts to input commands to the instrument via a non-selected port
are ignored. Setting of the I/0 SELECT switch must be changed when Exerciser power
is off. If this setting is changed with power on, operation of the interface select
logic will be unpredictable.

At power turn-on, the Exerciser initializes to Tocal control mode; j.e. under
control of the front panel keyboard. The instrument will switch to remote control
mode when either: (1) It receives a command from the parallel port (if selected),
(2) it receives a character from its RS-232 port (if selected), or (3) the Remote
Enable (REN) 1ine on the IEEE-488 (GPIB) bus is asserted and the instrument is
addressed, if the GPIB is the selected interface.

The Exerciser may be switched back to local control mode by means of the
keyboard by entering a CNTL-LOC command as per Table 2-14. It should be noted that
CNTL-LOC will not take effect if a Local Lockout (LLO) command has been issued to
the Exerciser via its IEEE-488 (GPIB) port. It should also be noted that the in-
strument may be switched from Remote to Local by either issuing a go to local (GTL)
command or by clearing REN on the GPIB.

The 1/0 command lexicon is divided into three major subgroupings:

1) A set of 36 Jow-speed commands, formatted entirely of 2-letter ASCII
mnemonics plus ASCII data. This set of commands essentially duplicates
the functions of the front-panel keyboard. It is possible to fully
control the Exerciser by means of the low-speed commands only. The low-
speed commands allow for user-friendly interactive operation by connecting
the Exerciser to an external CRT terminal via the RS-232 interface. The
Jow-speed commands may also be used in conjunction with the high-speed and
DMA commands, for purpose of initial set-ups.

2} A set of four high-speed commands, consisting of a single character ASCII
mnemonic followed by (in two cases) parameters and data formatted in pure
binary bytes. The high-speed commands are used, essentially, for the
nurpase of transferring blocks of message data between the Exerciser and a
host controlling device. In addition to transferring message data, the
high speed input command may also be used for entering the control word
for a particular message block.
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The control word contains the format, word count, timing and block 1inking
(RT mode) information for any given message. Using the high speed
commands, it is possible to input 46 words to the Exerciser, process a
message and output 46 words in about 26 ms, using a high-speed GPIB
controller. The 26 ms is broken down into about 16 ms of general overhead
time plus approximately 140 us of transfer time for each word in each
direction (a word consists of four binary bytes). This is many times
faster than it would take to process the same sequence by means of the Tow
speed commands only. Details of the high speed remote operation are
discussed in paragraph 2.11.4.

3) For use with the 1EEE-488 (GPIB) interface only, a set of two DMA commands
allows the host computer to directly access all memories and registers in
the Exerciser's 1553 processor. By means of the DMA mechanism, it is
possible to read and write message and control data to memory and to the
various Exerciser registers that control the 1553 processor.

2.11.2 CHARACTERISTICS OF THE THREE REMOTE PORTS
2.11.2.1 8-BIT TRI-STATE PARALLEL PORT

This interface is comprised of eight bidirectional tri-state data lines 10
(LSB) through T7 (MSB), two TTL control input lines READ and WRITE, and four open-

collector handshake output lines RACK, WACK, TACK and SERVICE REQUEST. This inter-
face may be used to conmunicate with computers and parallel printers.

By referring to timing diagram Figure 2-20, it is seen that the data lines are
driven by the instrument only during a read operation. The rest of the time these
lines are ejther in the high impedance state, or are being driven by a controlling
device during a write operation.

A read operation is initiated by bringing the READ line to a logic 0. The
instrument will then respond by putting the ASCII character to be read on the 8-hit
parallel data bus, TO through T7. Fellowing a minimum delay of 100 ns_after the
data becomes valid, the handshake outputs (read acknowledge) and TACK (com-

osite transfer acknowledge) are asserted as logic 0. The data stays yalid with
and TACK held low until READ is returned to logic 1.

In order to write data to the instrument, valid input data must be presented
on TO through T7 for a minimum of 40 ns set-up time prior to bringing the WRTTE
input Yine to a Togic O. Although the instrument's input buffer latches the input
data on the falling edge of WRITE, the character is not read by the Exerciser's
internal microprocessor until_some time later. At this time, the handshake outputs
WACK (write acknowledge) and TACK are dropped to logic O. When WRITE is brought to
logic 1, WACK and TATK will then go high. At this time, the interface is ready for
the next byte transfer cycle.

Tt may be noted from the above discussion that the user has the option of em-
ploying_either a 3-wire handshake, (READ, WRITE and TACK} or a 4-wire handshake
(READ, WRITE, RACK and WACR). TACK is the logical product of WACK ANDED with RACK.
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Figure 2-20. Parallel Interface Timing Diagram

The SERVICE RFQUEST open-collector output is used to denote a change in
instrument status. It will be asserted low under the following conditions:

1} Input Buffer {Queue} is full -- no more characters may be loaded. If an
attempt to write additional characters is made when the queue is full, the
handshake will continue to operate, but the characters will be ignored.
The operation of the command queue is discussed in detail in paragraph
2.11.3.2.

2) Following detection of an error in the input character string.

3) Following completion of a message sSequence by the Exerciser's 1553
processor.

SERVICE REQUEST returns to logic 1 after the next character has been read from the
instrument via the parallel interface.

2.11.2.2 IEEE-488 INTERFACE (GPIB)

The subset of the IEEE-STD-488-1978 standard that 1is supported by the
Exerciser is indicated in Table 2-15,
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Table 2-15.

Implemented Subset of GPIB Standard

SH1
AHL

L4
SR1.
RL1
DC1
DTl
co

Full Source Handshake Capability
Full Acceptor Handshake Capability
Basic Talk capabilities with Serial Poll and Untalk if My Listen Address

Basic Listen Capabilities with Unlisten if My Talk Address
Full Service Request Capability

Full Remote Local Capability including Lockout
Full Device Clear Capability

Full Device Trigger Capability
No Controller Capability

The 5-bit GPIB address for the Exerciser is user-selectable by means of the

GPIB ADLRESS switch on the rear panel.

the logic sense for the switch, are panel marked.
is read by the instrument only at power turn-on, the GPIB address selection must

only be changed when the Exerciser pawer is off.

The serial poll status byte for the Exerciser is defined as follows:

The MSB and LSB bit positions, as well as
Since the setting of this switch

BIT YALUE (HEX) '

80 <0 20 10 08 04 a2 ai
BIT Input . High. Self Error In 1553
Buffer RQS RS-232 DMA Speed ] M
MEANING (Queue) Ful Esrar Timeout ?;e& FI;:L Cor:?::nd Se:?:r?:e
Error ’ String Compiete
*USED ONLY IN REPLY TO A GPIB “SERIAL POLL" (SPE) COMMAND. THE 40" 8IT QF THE STATUS BYTE WHICH APPEARS AT THE
END OF THE “"STATUS" REPLY STARING [OVER ANY INTERFACE, SEE PARAGRAPH 2.11.2.% WILL ALWAYS BE MASKED TO ZERQ
**R5-232 ERAQA INDICATES ONE OR MORE OF THE FOLLOWING CONDITIONS:
{1} FRAMING ERACR
{it RECEIVER OYERRUM
(i) DCD LOSS .
The conditions that result in a GPIB Service Request are identical to those
causing a Service Reguest for the parallel interface:
1) Input Buffer (Queue) full.
2} Error in Input Command String.
3) DMA Timeout
4) 1553 Message Sequence Complete.

Per the IFEE-488 (GPIB) standard, the Service Request (SRQ) is cleared
following a read of the GPIB Serial Poll Status Byte by means of a Serial

Poll Enable (SPE) command.
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2.11.2.3 RS-232 INTERFACE

As indicated in Table 2-2, only seven of the 25 pins on RS-232 connector J3
are used. 1t should be noted that although the handshake protocol for the signals
RTS, CTS and DCD (pins 4, 5 and 8) is supported, the Exerciser's RS-232 interface
may be operated as a simple 4-wire connection as shown in Figure 2-2la, when operat-
ing interactively using a CRT terminal.

For use with a host computer, especially at baud rates above 300, the hook-up
configuration of Figure 2-21b should be used. The use of the RTS and CTS handshake
lines on a character-by-character basis serves to prevent a character overf low
condition in the Exerciser's RS-232 receiver. If the handshake lines are not used,
the host computer can make use of either of two other handshaking mechanisms: (1)
Observe XON/XOFF (CRTL/S - CLTL/Q) protocol, or (2) observe the echo back for each
low speed command character transmitted to the Exerciser.

The characters transmitted from the instrument's RS-232 port contain 1 start
bit, 8 data bits with no parity and 1 stop bit. The parity on all received charac-
ters is ignored by the Exerciser.

DB25P DB25P orDBE25J
3 {RxD N\ ™D | 2
. | To
To J3 2 TxD ( \ RxD 3 CRT
on . _ Terrminal
Exerciser 7 Sig. Gnd. Sig. Gnd. 7
1 Prot. Gnd. : Prot. Gnd. 1
(a)
DB25P DB25S orDB25J
3 | RxD VAN =D | 3
To J3
on 2 Txd / RxD 2 To
Exerciser 4 RTS CTS 5 Host
Cornputer
5 1CTS \ RTS | 4
7 | sig. Gnd. \ / Sig.Gnd. | 7
1 Prot. Gnd. : Prot, Gnd. 1

(b)

Figure 2-21. RS-232 Connections

a. 4-Wire Comnection for CRT Terminal Interactive Operation
b. 6-Wire Connection Including Handshake Lines for Use with Host Computer
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When operating interactively by means of a CRT terminal, the terminal should
be configured for remote echo. This is because the instrument will handshake by
echoing back all correctly formatted low-speed command and data characters received
hy the RS-232 port. Incorrectly formatted input strings {as well as command queue
full, or 1553 sequence compiete} result in a service request condition. The Exer-
ciser informs of a service request condition by responding with a "Bell" character
(ASCIT 07), if RS-232 is the selected interface.

When operating from an ATE host computer via RS-232, a problem that must be
avoided is receiver overrun for the Exerciser's RS-232 receiver. There are several
ways of avoiding this problem:

1) Operate with the Exerciser's RS-232 echo function enabled and wait For
each transmitted character to echo back to the host before transmitting
the next character. It should be noted that the Exerciser's R5-232 echo-
back function is operational for the low speed commands only. There is no
aecho-back for the high-speed commands.

2} A preferred method to (1) is to use the RTS and CTS hardware handshake
lines, as indicated in figure 2-21(b). In order to attain the fastest,
attainable I/0 speed over the RS-232 interface using the handshake lines,
the echo-back function should be disabled. This is done by sending an
echo disable command: ED (CR). Following the (CR), there will be no
echo-back for subsequent received characters. By observing the RTS/CTS
handshake on a character-by-character basis, the host computer will avoid
the problem of transmitting a subsequent character when the Exerciser’s
RS-232 one-byte input buffer is full, thus avoiding an overrun. Using the
handshake lines with the echo disabled will result in higher I[/0 speed
than observing the character echo.

3) Observe the XON/XOFF protocol on a character-by-character basts. The
ASCI! character XON (CRTL/Q) requests further transmission, while XOFF
{CRTL/S} requests for a pause in transmission.

4) Another method that may be used to prevent both receiver overrun as well
as queue overflow (refer to paragraph 2.11.3.2) is to terminate each
command string with either (CR} or {;) and chserve the Exerciser's reply
string {refer to paragraph 2.11.3.1) before loading the next command.

5) Configure the Exerciser and host computer for a slower baud rate.

When the Exerciser is sending long reply strings via the RS$-232 port, the
transmissions may be interrupted and resumed by means of the XON/XOFF protocol:
CRTL/S to create a pause in the transmission, CRTL/Q to resume transmission. This
is particularly useful when the instrument is sending data to a CRT terminal in
response to a PRINT command.

As shipped from the factory, the Exerciser is configured for a baud rate of
9600 bits/second. The baud rate may be field altered by soldering jumper wires on
the dip side of the bottom PC board. This is accessible by removing the bottom
cover of the instrument. Indications for tie-points E19 through E26 are visibly
etched on the solder side of the board. Their locations are as indicated in Figure
2-22. To configure the RS-232 interface for baud rates other than 9600, install
jumpers where indicated by X in Table 2-16. The baud rate jumpers should be in-
stalled and removed only after AC power is removed from the unit.
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Figure 2-22.

Baud Rate
(Bits/second)

S8

0

REAR OF
INSTRUMENT

A

Y

FRONT OF
INSTRUMENT

£20 E19
E22 8§ E21
E24 § Q E23
E26 E25

s

Indicating Location of Tie Points EL19 through E26

Table 2-16. Jumpers Required for RS-232 Baud Rates

X = Jumper Required

Partial View, Bottom PC Board Assembly Dip Side,

E19to E20

E21 to E22

E23 to E24

E25 to E26

134.5

X

X

150

X

300

600

B b pd s

900

1200

X
X

1800

2400

P e e b

3600

4800

7200

<t <l P P PR

9600*

*Factory Setting
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2.11,3 LOW-SPEED REMOTE OPERATION

The Exerciser is fully controltable by means of the set of low speed commands
discussed in this section. 'This set of commands, which very closely duplicates the
operation of the front panel keyboard, comprises a highly user~friendly mechanism
for controlling the instrument.

The Tow-speed commands serve a number of purposes. These include:

1) They facilitate communication to a host computer, allowing for processing
of stored test sequences in situations where timing is not critical.

2) The two-letter command mnemonics with their associated reply strings en-
able the user to operate the instrument from an RS-232 CRT terminal.

3) The low-speed commands may be used in conjunction with the high-speed and
DMA  commands discussed in paragraphs 2.11.4 and 2,11.5, respectively.
That 1is, message set-up parameters may be programmed using Tow-speed
commands, while the high-speed and DMA commands are used for block data
transfer and go/halt control.

2.11.3.1 COMMAND AND REPLY STRINGS

As mentioned above, the low-speed remote commands are made up of multi-
character ASCII strings. As shown in Table 2-17, the first two letters of each com-
mand string comprise the identifying mnemonic for the particular command. It may be
seen that for 21 of the commands, there are no associated parameters to be loaded
into the Exerciser. For the other 10 commands, there are parameters that may be
appended.

The input parameters are comprised of either hex or decimal data, depending on
the particular command. It should be noted from Table 2-17 that a semicolon is used
as a separator following all commands that include data. The exception to this rule
involves the case where the command/parameter is the last command in an input
string. In this situation, the command should be followed hy {CR)} or {(CR) (LF) in-
stead of the semicolon. The next input character following the semicolon is then
assumed to be the start of the next command. Input commands that do not contain
data must not be separated by semicolons. It should also be noted from the table
that commas are used to denote the separation between words for the PG {program)
command only.

The right-most column of Table 2-17 indicates the ASCII reply string associ-
ated with each of the respective command strings. In order to read the reply string
for a particular command string, the following sequence must be implemented:

1) The command whose string is the desired reply must be the last command in
the loaded string., As shown in Table 2-17, it 1is possible to interrogate
the Exerciser for the value of an instrument parameter by sending the
mnemonic only, without data, for the parameter in question. For example,
to determine the programmed response time for the current message block,
input the string RE, rather then RE1D (for example), as the last
command. The exerciser will then respond with the reply string for
response time,
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2)

The input string must be terminated by either a semicolon (;) or (CR)
(LF). For the case of the IEEE-488 interface, the E0I handshake 1ine must
be asserted with the terminating linefeed (LF} character. A CR (carriage
return) or a semicolon (3} may also be used to reinitialize the
Exerciser's command parser, in the event of an error in the input command
string. Carriage return or semicolon should be transmitted to the instru-
ment immediately after power turn-on to ensure proper initialization.

For the parallel port, the reply string will be output from the Exerciser
starting with the first character read after LF is written. For the IERE-
483 interface, the reply string will be the instrument's response when it
is put into its Talker Active State (TACS). For the RS-232 I/0, the reply
string will be sent immediately following the processing of the Jast
loaded command and either {CR} or {;}.

An exception to (1), (2} and (3) above involves the Print (PR) command.
This reply (always sent over the RS-232 port) occurs immediately following
receipt of the PR command in the input string.

The appropriate command string from Table 2-17 will then be transmitted.
When operating over the RS-232 interface with echo enabled, a leading line
feed (LF) character will precede all reply strings. This allows for
interactive operation wusing a CRT terminal. (Refer to paragraph
2.11,3.3.) For any of the interfaces, the reply string will be terminated
with a following linefeed (LF)} character. When using the IEEE-488 (GPIB)
1/0, the EOI handshake Tine will be asserted when the terminating (LF) 1s
sent.

This sequence is illustrated by the following example:
Input {command) string:
FRO2; WC21; SW (CR) {LF)

Reply String:
((LF), if RS-232 with echo enabled} 1703080000 (LF)

In this example, the format is designated as 02, word count is specified as 21
and the word indicated by the current position of the block/word pointer (word 3 of
hlock 1) is interrogated. The reply string represents this word.

Table 2-17 indicates the command and reply strings for the 36 "low-speed”

commands.
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Table 2-17,

Remote I/0 Low~-Speed Command Table

COMMAND NAME /
DESCRIPTION

COMMAND STRING
SYNTAX

REPLY STRING

SYNTAX

Mode Select: causes the
instrunent to toggle
between Bus Controller
{BC) and Remote Terminal
{RT) modes.

MO

Status

Information

Bus Controller:
Selects BC Mode.

BC

Status

Information

Renote Terminal:
Selects RT Mode.

RT

Status

Information

Single/Repeat Operation
Select: Causes
instrument to toggle
between "Single" and
"Repeat" operation.

SR

Status

Information

"Single" operation
selection.

SN

Status

Information

"Repeat" operation
selection.

RP

Status

Information
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Table 2-17.

Remote I/0 Low-Speed Command Table - cont.

COMMAND NAME /

COMMAND STRING

REPLY STRING

DESCRIPTION SYNTAX SYNTAX
"Blocks per frame" BFn; (7 spaces) n
selection, T number T nunber
of blocks per of message blocks per
frame or frame, Range is
BF (to interrogate only) from 1 to 8.

"Frame Time" FT fff; (5 Spaces) fff
selection, L'[f [:____f:TJ
frame time, 1 to 3-digit Frame time in
decimal (right-justified ms. Range is
in ms, ) or from 2 to 500 ms.
FT (to interrogate only)
*Next Block" NB Word representation
causes the word of first word of
pointer to point to next message block
the first word of
the next message
block
"Format" selection FR ff; b,(5 spaces) fff,
l"1:13.1’ormat byte message format for
(HEX) for current block (see
current block Paragraph 2.09.1.5)
or block number

FR (to interrogate only)

"Word Count®
selection., Range
is from 0 to 45
data words.

WC nn;

one or two-digit

decimal word count

(right-justified) or
WC {to interrogate only)

b,(3 spaces) 0

=,

Tock number

bl ock word
count
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Table 2-17. Remote I/0 Low-Speed Ccmmand'Tab1e - cont.

COMMAND NAME/

COMMAND STRING

REPLY STRING

DESCRIPTION SYNTAX SYNTAX
"Error Positiaon” EP pp; b,{1 space) nn, (2 spaces
One or two-digit HEX 'EIB_ b, (1 space) pn, LF‘_LEP'
entry specifies the 2 digit HEX Error-
positioning of sync grror position code; or, position
zero-crossing and/or byte.
Manchester encoding |EP (to interrogate only) (Transmit
errors for the word, or
current word, This
command may also be "Fourth byte"
used to inguire for for received/
the "fourth byte" pending
for received words received
Refer to Table 2-5, words.
L—current word number
within current block
— current block number

*G0" command initi-
ates processing of
message sequence,

To avoid possible

1/0 timing problems
following execution
of a "G0" command in
"single" B.C. mode,
it is recommended
that a delay greater
than the programmed
"Frame Time® be in-
serted in the host
computer program, be-
fore sending the next
command (e.g., SW,
SB,*)

(0.
(Alternatively, a "Group
Executive Trigger" (GET)
command may be used, via

the TEEE-488 Bus in

place of "G0"., The instrument
must be "Tisten addressed"
prior to the GET in order

for it to take effect).

(4 spaces BUSY:

If on-1ine continuous

mode; or

HALT following:

execution of a single frame
{B.C. mode)} or message
(R.T. mode) if in

"Single" mode.

HALT command. Halt
causes the Exerciser
to terminate - 1553
message processing.
The Ralt reply
string for BUS-68005
is expanded to in-
clude the error frame
count information,

HA

HALT nn
l:This indicates the number

of erroneous message
frames that have occurred
for repeat BC mode. If
HALT-ON-ERROR is disabled
{HEQ) or no errors have
occurred, this field will
indicate zero {(00).

Indicates that the Exer-
c¢iser has stopped proces-
sing -1553 messages.
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Table 2-17.

Remote 1/0 Low-Speed Command Table - cont.

COMMAND NAME /-

COMMAND STRING

REPLY STRING

abled, or enabled for a
specified t or R direction
at a specified address

{0 to 31). 1In order to sup-
port the RT Block Linking
function, the command and
reply strings for RT Address
command may assume several
formats, as indicated

[2 digit (decimal)

RT Address

Designates Transmit
(T or 1) or, Receive
(R or 0) command as
trigger word.

L _Enables the block as

a transmitting or
receiving RT at the
specified address.
This block becomes

the head block of the
chain if a linked to
paraneter is appended.

or,

RADda?n;
designates Tinked

to block., The linked
to block may be speci-
fied either as a number
between 1 and 8, or as
d, indicating that the
simutated RT will go

of f~1ine foliowing the
first time it processes
a message. Note that,
since the first param-
eter character for this

DESCRIPTION SYNTAX SYNTAX
Remote Terminal Address RAF daa; b (3 spaces) Edaa
Selection. Each message _ — ]
b1ock may be either dis- (s pace) %h

Linked to biock
{defaults to
current block
number ).

—See command
string syntax.

— Current message
block number

b (3 spaces) Edaa,

(space)jl

L-Tinked to block
nunber

See syntax above

block's RT address is EJ -

it is designated as the
head block of the chain,
The head block of the
chain is processed first
after the instrument
goes on line.

—See syntax above
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Table 2-17,

Remote 1/0 Low-Speed Command Table - cont.

COMMAND NAME / COMMAND STRING REPLY STRING
DESCRIPTION SYNTAX SYNTAX
or,

RAX;

X may be specified

as either d, ¢ or the
number of the Tinked to
block for the

current message block.

if the current block

has been previously
enabted (E), an entry

of d will cause the
current block and,
effectively, any linked
to blocks, to becomne dis-
abled, 1If the current
block is presently a
linked to block, it will
remain linked to, but
its Tink field will be-
come disabled, causing
the RT to go off-line

af ter the first time
that the block processes
a message. If ¢ is
entered, ALL EIGHT mes-
sage blocks become dis-
abled. If a number
between one and eight is
entered, it becomes the
value of the linked to
field for the current
block.

or,

L]

RA (to interrogate
reply string only)

!b, (3 spaces) ,]l__,

b (3 spaces) LtiIJ

LIndicates cur-
rent block disabled

or,

b, (3 spaces )

[Edaa (space) n

Same syntax
as above; indicates
Enabled message
block with Tinked
to parameter

or,

—Indicates block is

— Current message

daa (space)ﬁy

Lnumber of 1inked
to block

Same syntax as
above

Tinked to from
another block

btock number
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Table 2-17.

Remote 1/0 Low-Speed Command

Tahle - cont,

COMMAND NAME /
DESCRIPTION

COMMAND STRING
SYNTAX

REPLY STRING
SYNTAX

"Response Time"
specification.
Programmable range
ijs from 5 to 31 us.
for Bus Controller
mode and from & Lo
31 us. for Remote
Terminal mode

RE rry

[E?:esponse time

for current
message block
in us.
(one or 2-digit
decimal, vright-
justified); or
RE {to interrogate only)

b (3 spaces) rr,

L res ponse

time for current
block in us.

block number

"Intermessage Gap"
time,

This specifies the
time delay preceding
the start of trans-
mission for a given
message block in
B.C. mode, The
range is from /

to 2047 us.

IM;iii,
Intermessage gap

time in us. for
current block;

2 or 3-digit decimal,
vight-justified),

or,
IM {to interrogate only}

b,(3 spaces)EOiih
Programmed

intermessage
gap time in us.

current block
nunber

"Read" command
allows for inter-
rogating the data
and error code for
any transmitted,
received or pending
received word, The
"Read" command may
also be used to
position the Exer-
ciser's "Block #/.
Word #" pointer,
Inputting a "Read"
cormmand without
parameter will po-
sition the pointer
to word #l or

block #1.

RD' n:
word number
within block
block number
or,

RD: (positions word pointer
to word #1 of
block #1).

Representation of
Specified Word,
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Table 2-17.

Remote I/0 Low-Speed Command Table - cont.

COMMAND NAME /

COMMAND STRING

REPLY STRING

DESCRIPTION SYNTAX SYNTAX
"Ne xt Word" command. NW Representation of new
Increments word current word,
pointer and returns
new current word,
"Program" command PG dddd; or Word representation

altows for the pro-
gramming of one or
more transmitted
command, status or
data words within a
message block. Sub-
strings for specify-
ing individual words
may be from one

to six hex digits.

If the word sub-
string is 4 digits
or less, it repre-
sents right-justified
word data, If a
fifth, or fifth and
sixth hex digits
are specified,

they represent the
right-justified
error code for the
word., See Para-
2.10,1 for the HEX
representation of
MIL-STD-1553 com-
mand and status
words

. PG dddd, dddd; or

PG ddddee, dd ... d; ...

comma
separates
word entries
2-digit HEX
error code,

(See paragraph
2.09.1.7)

— 4-digit HEX
word data

or

PG (to interrogate only)

of last programmed word,
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Table 2-17.

‘Remote 1/0 Low-Speed Command Table - cont.

COMMAND NAME / COMMAND STRING REPLY STRING
DESCRIPTION SYNTAX SYNTAX
"Send Status” SS Status Information

command
"Send Word" SW Representation of

causes the current
word to be returned,

current word

"Send block"

command causes all
information regarding
transmitted, received
and pending words in
the current block to be
returned.

SB ‘dddc{,,I eepp; dddd, ...dddd, eepp

Semicolon
separates words.
Only the
implemented
tpn gy npn WO'I"dS)
from the current
message block
are sent
—HEX representation
of "error-position"
(T words) or
"fourth byte"
(R words) as per
Table 2.5.
—HEX representation of
word error byte
As per Table 2.5.
— comma separates data
and error fields
—HEX representation of
16-bit word data

"Initialize"

command configures
the instrument to its
"power turn-on"
state. Refer to
Paragraph 2.8,

IN Representation of
word #1 of block #1.

1Self-Test"
causes instrument to
exercise and verify

ST None, Instrument reverts back
to "Local" control mode.
When put in Remote mode
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Table 2-17. :Remote 1/0 Low-Speed Command Table - cont.

COMMAND NAME /
DESCRIPTION

COMMAND STRING
SYNTAX

REPLY STRING
SYNTAX

PROMS, "Message" and "R.T.
Trigger" RAMS and the 1533
"front-end" circuitry
(encoder-decoder ), Fol-
lowing self-test, the
instrument reverts to its
"power turn-on" state,
Refer to Paragraph 2.8.

directed to "Talk",
the Status Information

- wWill be the reply string.

Echo disable. This elimi-
nates the byte (character)
hands hake echo for the
RS-232 port. It may be used
to speed up communication
between the instrument and

a host computer "Echo dis-
able" also eliminates the
"leading" (LF) from the
RS-232 reply strings.

£ED

None.

Echo enable., This configures
the instrument's RS-232 port
to echo back all bytes
(characters) that are re-
ceived. It is used for in-
teractive operation with an
RS-232 CRT terminal. The
power turn-on {default}
condition for the RS-232 _
echo is enabled., YEcho en-
abled" also causes the
instrunent to transmit a
"leading" (LF) for all RS-232
reply strings.

EE

None.

"Lamp-Test™ causes the front
panel display to "blank" for
about 1.5 seconds, then illu-
minate all L.E.D.'s for about
1.5 seconds,

LT

Word representation
of current word

"Print" causes the "user-
friendly' formatted print-out
of block information to be
putput via the RS-232 port,
Refer to Figure 2-23.

PR

None
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Table 2-17. Remote I/0 Low-Speed Command

Table - cont,

COMMAND NAME /
DESCRIPTION

COMMAND STRING
SYNTAX

REPLY STRING
SYNTAX

"Dispiay Disable" will cause
the instrumnent to stop
updating the 10-character
front panel display. The
10~-character display, as well
as the IILOCII, !lBCII and llRTll
L.E.D's will blank while the
"REMOTE" L.E.D. will illumi-
nate if the "DD" command is
the last command in the input
string. The display is
automtically re-enabled if
the Exerciser is put back in
"Local” control mode, Dis-
abling the display eliminates
the sof tware overhead time
required for display updating
when the Exerciser is being
controlled from a remote
source,

DD

None

"Display Enable" causes the
10-character display to
display the current word and
allows the display to be
updated as required.

Word representation of
current word.
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Table 2-17.

Remote 1/0 Low-Speed Command Table - cont.

COMMAND NAME /

COMMAND STRING

REPLY STRING

DESCRIPTION SYNTAX SYNTAX
Transmitter Amplitude level. TAaaa. TA (3 spaces) aaa
The relative transmitter Tevel 0
may be programmed from 0 to
255, corresponding to approx- Rel ative L-
imately 0 to 9.75 volts peak- transmitter level, Programed
to-peak direct coupled across 0 to 225 or, TA Transmitter
35 Ohms. The default value {to interrogate only) Amplitude

is 171 (about 6.5 VPP).

Channel Select, The active
BUS channel is designated
as either Channel A or
Channel B. The default
value is Channel A.

CHc; :
ﬁf———Active
Channel selection
(A or B) or, CH (to
interrogate only)

CHc;
kLI'-';t\cti\.fe BUS
Channel {A or B)

Internal/External Trigger
designation. External
triggering (initiating BC
transmission) is utilized for
the dual redundant bus switch-
ing test in order to synchro-
nize two BUS-68005s. Intemal
triggering is used in all
other situations. The default
value is internal triggering.

TGt;

|:‘;nternﬂ (1)

or External (E)
triggering is

specified, or,

TG {to interrogate only)

TG,

Internal (1)
or External (E)

trigger designation

Response Timeout. The timer

to determine a no response con-
dition for an external remote
terminal is programmable over
the range from 5 to 32 usec
(Per MIL-STD-1553B) in 1 usec
steps. The default value is

15 usec. -

TOtt;

[:Response

timeout in us, or,
T0 (to interrogate only)

TO (4 spaces)
tt

I::Response

timeout value,
in microseconds

Halt-on-Error. For Repeat

Bus controlier mode, the Ex-
erciser may be configured to
process message sequences until
a programmed number of errors
{(word, format or reply time-
out } has occurred. The number
of errors is programable from
1 to 99, If the parameter is
programed as 0 (default), the
Exerciser will run continu-~
ously, without halt-on-error,

HE hh;

E0—;0?

no halt-on-error.
For 1 to 99, halt
af ter the specified
nunber of erroneous
message frames,

or
HE (to interrogate only)

HE (4 spaces)
h

h
I:H::ﬂ t-on

Error value
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Two strings that comprise the reply to a large nunber of the remote 1/0 commands are
the status information, and the 1553 word representation.

The status information reply string, which constitutes the reply string for
the MO, BC, RT, SR, SN, RP, SS, IN, ST and DE commands, is formatted as follows:

mm, r, <3 spaces>n, <1 space> fff, x, ¢, aaa, tt, ss
Reply String Parameters:

mn : Bus Controller (BC) or Remote Terminal (RT) mode
r :+ Single (S) or continuous (C) Exerciser operation
n : Message blocks per frame (decimal);

1<=<n<=8

fff : Frame time in ms. {(decimal);
2 <= fff<= 500
X : “Triggering" mode: Internal (I} or External (E)
c : Active BUS channel: A or B
aaa : Relative transmitter ampiitude 000 = aaa = 255
tt : Instrument Self-test byte (hex)

ss : Serial poll status byte (hex)*

*In the status reply string, the "40" (nex) bit of the status byte is masked to
zero,

It is recommended that a Send Status (SS) command be invoked immediately
following power turn-on. At this time, it is nossible that one or more of the bits
or the serial poll status byte will be set. Since this byte is subsequently ¢leared
as a result of performing the SS command, it will reply as 00 the next time it is
invoked.

The representation of a 1553 command, status or data word (transmit or
receive) in response to the NB, RD, NW, PG, SW and L7 commands is as follows:

B 4 om,  gddd, g

T Error code for Word (hex,
see below).

HEX representation of 16
bits of word

Word number within block

"Direction” T : "Transmit” Word

indication: R : “Received” Word

P :“Pending Received” Word

— : "Unimplemented” word in block

- Block number, from 1 to 8
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The error code field in the reply string for these commands for transmitted
and received words is identical to the representation indicated in Table 2-5, except
that the 80 (hex) bit (pending-received/Transmit) is masked to zero. Therefore, the

encoding of this error byte is as follows:

Bit Vaiue (HEX) 80 40 20 10 08 04 02 a1
- - Manchester -
Far Transmit Always Incorrect Parity . - Low Bit High Bit
Words o} Sync Manchester EV'E Parity Eé‘ﬁg?'g? Count Error Cou?\t Error
Type Encoding E‘e Error Zero-Crossing | ©F.Message }or Word Gap
Error Error fror o Gap Error Error
Deviation Error
For Receive Always [ncorrect Early Message Parity Manchester Low High
Words o} Sync Response Error Error Encoding Bit Bit
Type Error Error Count Count
Errar Error Error

The third and fourth ASCII hex bytes transmitted in response to a Send Block
(SB) command are formatted as indicated in Table 2-5.

2.11.3.2 COMMAND QUEUE:

When a string of commands is loaded to the Exerciser, the individual commands
are not processed immediately before the next command in the string is accepted.
Instead, as a means of minimizing the 1/0 bus overhead time for the host computer
(particularly when operating over the IEEE-488 interface), the commands are stored
in a buffer, or command queue section of memory. The command queue serves as a
first-in/first-out buffer that may be loaded in minimum time for future processing.

The essential caution that must be heeded in loading command strings to the
Exerciser is that the command queue is of finite size: 560 bytes deep. For many
applications, this presents no problem. However, for situations where a number of
long messages are to be loaded via "PG" commands, the 560 byte (character) queue
capacity may be exceeded,

As discussed in paragraph 2.11.2.1, Queue Overflow is one of the Exerciser's
"Service Request” conditions. The service request for input buffer full wili
actually occur when there are ten vacant locations in the queue. At this time, it
is 1imperative that the host device provide for a time delay before inputting
additional characters. If attempts to input characters are made with the buffer
full, the handshaking for the selected I/0 bus will continue to occur, but the
characters will be ignored.

There are three methods for handling the problem of finite queue size. It is
strongly recommended that methods (1)} ard (2) below be utilized, since they serve to
avoid the complications involved with gueue overflow.

1) Limit the length of the input command strings to less than 500 characters
and terminate the strings with (CR) (LF). After the terminator, configure
the Exerciser to output its reply string. This is done by putting the in-
strument in its Talker Active State (TACS} for the IEEE-488 (GPIB)
interface, or by asserting the READ line low for the parallel interface.

2-111



For the RS-232 interface, the Exerciser will output the reply string at
the appropriate time, assuming that the RTS/CTS handshake is not used.
For any of the interfaces, the Exerciser will return its reply string
corresponding to the last command in the input string after it has
processed all of the commands in the string. At this time, the queue is
empty and ready to receive additional command characters.

2) When dealing with long strings of input data, it is better to use the
"high-speed" input command (&) or IEEE-488 DMA input command {>) rather
than the low-speed program (PG) command. The use of the high-speed and
DMA input commands, which are discussed in paragraphs 2.11.4 and 2.11.5,
has two advantages:

(i) The queue buffer is bypassed, eliminating the possibility of the
overflow condition.

{(ii) The overall operating speed of the Exerciser will be greatly in-
creased, by a factor of ten or more.

3) Command strings of more than 500 characters may also be Toaded by ex-
ecuting the following sequence:

(1) toad characters until a "Service Request" is issued.

(ii) Determine that queue overflow is the cause of the Service Request
and clear the SRQ flag. This is done by performing a Send Status
(SS) command for the parallel or RS-232 interfaces, or a Serial
Poi1l Enable {SPE) command for the IEEE-488 (GPIB) interface. A
Serial Poll Status byte of CO indicates Queue Overflow.

(i1i) Delay for about 20 ms to allow the Exerciser to execute a portion
of the commands in the queue,

(iv) Continue to 1input characters until Service Request 1is re-
asserted., Then return to step (ii)}.
2.11.3.3 INTERACTIVE OPERATION

Operation of the Exerciser by means of an RS-232 CRT terminal provides for an
alternative form of manual control.

Any of the commands listed in Table 2-17 may be entered from such a terminal.
As a means of handshake, each character received by the Exerciser is echoed back to
the CRT,

The user-friendly printout feature (Figure 2-23) is a particularly useful de-
yice available for the interactive operation. It is a powerful tool in that it can
he used for reviewing message block data for both set-up as well as verification
purposes; i.e., for both prior to and after execution of 1553 message sequences.

The following notes are relevant for the interactive operation:

1) The terminal should be connected to the Exerciser as shown in Figure 2-21a
(4-wire connection).

2) The transmit and receive baud rates of the CRT terminal must match the
instrument's setting. Refer to paragraph 2.11.2.3.
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3) The Exerciser must be configured with its RS-232 echo enabled.

This may

be done by means of an “Echo Enable" (EE) command, or as the result of
power turn-on or following self-test.

4) Tha terminal should be configured for 1 start bit, 8 data bits, 1 stop bit
(mark parity), remote echo.

5) If the user inputs an error in theICOMmand_string (e.g., a typing error),
the Exerciser may be "re-initialized" to accept the next character (start
of a new command) by first entering Carriage Return (CR}.

BLOCK NUMBER: 1

I.M.G. TIME : 10
FORMAT : ag
WORD # T/R

1 T

2 T

L ] » .

L ] -

* -

G T

7 R

S

WORD T:
NUMBER

N
BLOCK B:

Transmit
Word
Received
Word
Pending
Received
Word

DATA

@825
#1213

RECD
pBad

~————

HEX
rapresen-
tation ofF
Le--bhit
data

FESPONSE
WOERD
BT THEIGGER

ERROR SYNC
spig
joitgeiod
[ ]
L J
[ ]
298y
gepe CSs
S—— ——
Transghatit Denotes
or Receive Sync type
Frror BYTE and  for Re-
crror posi- celved
tion byvte Words: C3=
{for trans- Command/
mitted words) Status
or Fourth Sync; DS=
Received Data Sync
byte (for
Reaceived
Words). The
values of the
Pending-
Receive/

Transmit" bit

(800 HEX) and
the Transwmit-
Recelve/Pending
bit {@¢8¢ HEX)
are masked to
zero in this
representatilon,

"or a high word count).

TIME: ig
COUNY o« 5
ET#S

ERROR DECODE

PE ME

Errors encoded in
?-letter mnemonics
z foliows: for
Tranasmit words:
L4 {long Vord},
59 (Shert word),
ME (Manchester
ncoding Errer},
P2 {Parity Error,
EE (Sync Error),
15 {Incorrected Sync
Type),
PM (Parity Manches-
ter Error).
WG (Word Gap Error)
MG (Message Cap Error)
ZC (Zero-Crossing
" Deviation Errox)
For QReceived Words:
LW, 5W, ME, PE, IS, IM
{incorrect mescsage:
i,e,, either an error
in the current or
previous received

word in & message,

Figure 2-23.

Example of User-Friendly Printout Via RS-232,
as a Result of a Print Command



2.11.3.4. EXAMPLE OF EXERCISER OPERATION VIA REMOTE INTERFACE

The operation of the instrument using the “low-speed”" remote I/0 commands is
illustrated by the following example. In this example, the Exerciser will process a
frame of two message blocks in "Single" mode as BC.

The first message will be a receive command; that is, for RT 1 to receive five
words.

Word #1 _ Word #6 Word #7
Hos2s | 11T | 1234 7654 | 7777 | 5555 0C00
\._.__v_ e - - — -~
“Receive”
Command 8 Data words Received Status Word
Word

The second message will have a programmed intermessage gap time of 50 us (time
between message blocks 1 and 2). The second message will be a format 1 message.
That is, the message will be an RT-to-RT transfer with the Exerciser simulating the
BC only:

}-—- 1023 1C23 1800 ABCD - 8888 5678 1000 —I
“Receive” “Transmit” =~ ~ - —
command to command to
R.T. #2 R.T. #3 Received status and data Received status
(3 words) (3 words}) words from R.T. #3 word from R.T. #2

vy

Exerciser Transmitting
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The input command string to cause the instrument to process this sequence is
as follows:

E_(.:I_SH BFE;IF'ROOEFGOBZS. T111, 1234, 7654, 7777, 5355; (continued below)

I_— Programmed command word and 5 data

words for message block #1

Block #1 format ~ GO (Bil-i0-RT transfer)

2 Message Blocks

Bus Controller, Single Mode

NB IM50; FRO1; PG1023; 1C23; GO
[} i L | . )

Causes Exerciser to process the programmed 1553 message sequence.

Programmed “Receive” and Transmit” command words

Block #2 format = 01 (RT-10-RT transfer)

intermessage gap time between blocks 1 and 2 = 50us

Positions block/word pointer to werd 1 of block 2

After the message sequence has been processed once (single mode), the
Exerciser will assert its Service Request flag., To determine what caused the SRQ, a
send status command is performed as follows:

S5 ,(CR) (LF)

“Send Status’’ command

The instrument will reply with:

((LF), if RS-232 interface with echo enabled) BC,S, 2, 1u,1,A,171,00,01 (LF)

Serial Poll Status byte = Ol indicates that the 15%3 message sequence is complete.

To read the result of message block 1, a Send Block (SB) command is executed
as follows:

RD101,; SB (CR) (LF),

|

Causes exerciser to output message block #1 memory data

Positions block/word pointer to word #1 of block #1
The instrument will respond to the send block command as follows:

((LF}, if RS-232 interface with echo enabled) 0825,0080;1111,0088;1234,0088;
7654 ,0088;7777,0088;5555,0088;0C00,8080 (LF)
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To read the results of message block 2, perform a Next Block (NB) and a Send
Block (SB}: ' .

NBSB (CR)} (LF)
The reply string will be:

({LF), if RS-232 interface with echo enabled) 1023,0080;1C23,0088;1800,8080;
ABCD,BOCO;8888,80C0;56?8;8080;1000,8080(LF)

If the command sequence is processed using the IEEE-488 (GPIB) interface, the
£0] handshake 1ine will be asserted with the terminating Tinefeed (LF) character for
each reply string.

2.11.4 HIGH-SPEED REMOTE I/0 COMMANDS

As discussed in Paragraph 2.11.3, the low-speed remote .commands mimic the
action of the front panel keyboard. This set of commands allows the Exerciser to be
controlled by a host computer in applications where throughput rate is not critical.

The primary purpose of the high-speed commands is to provide a mechanism that
may be used to quickly transfer blocks of 1553 command, status and data words
between a host computer and the Exerciser's message RAM. A secondary function is to
provide a faster means of updating message parameters (format, word count, response
and intermessage gap times and block Tinking information) than is possible via the
Tow-speed commands.

In most applications, the Tlow-speed and high-speed commands are used in
conjunction with each other. The 1ow-speed commands must be used to specify set-up
parameters such as BC/RT mode, single/repeat operation, blocks per frame, frame time
and RT address. Message parameters such as format, data word count, response and
intermessage gap times, as well as the programming of command words (BC mode) may be
specified using either high-speed or low-speed commands. If these parameters are to
be changed in real time (up to about 70 Hz), they must be updated using the high-
spead input command. In situations where speed is not a factor, it is more con-
yenient to enter these variables using the Tow-speed commands, since they may be
specified in their user friendly formats using this set of commands. For example,
to specify an intermessage gap of 20 us in low-speed mode, simply program IM20. To
specify the same thing using the high-spead input command requires that the lower 11
bits of the block control word be designated as 111 11101010, the binary
representation of 2034 (2034 = 2054 - 20; refer to paragraph 2.11.4.3).

The important differences between the Tow-speed and high-speed commands are as
follows:

{1) Whereas the low-speed commands and associated data are stored in the queue
buffer memory before being processed the. high-speed input and output
commands (roughly equivalent to the Tow-speed PG and SB commands) cause
data to be transferred directly between the selected I/0 port and the
Exerciser's message RAM. That is, by programming the host computer to
transfer packed binary bytes as opposed to hex or decimal ASCII data, it
is possible to bypass the command queue and eliminate the time requirad to
perform the necessary code conversion and arithmetic. Since the high-
speed I1/0 transfers are essentially burst transfers, care must be taken in

2-116



the specifying of the burst sizes to avoid hanging the bus, particularly
when the IEEE-488 bus is the selected interface.

The high-speed representation of all 1553 command, status and data words
is four binary bytes, as opposed to a maximum of seven ASCII characters
(including separators} for a low-speed Program (PG} command, or ten ASCII
characters (including separators) for a low-speed Send Block (SB) com-
mand. There is also a difference in the placement of the Message Error
bit. This is discussed in paragraph 2.11.4,2.

Using the high-speed commands, there is full flexibility to load or review
any contiguous block of control, command, status or data words in
Exerciser message RAM. :

Using the high~speed input command, the user has direct access to the con-
trol word or word O for any given message block. The block control word,
which is loaded into the control register of the Exerciser's 1553 pro-
cessor prior to the processing of messages, contains format, word count,
response, intermessage gap time and block linking information. The capa-
bility to update the control word on the fly significantly enhances the
Exerciser's performance as a real time bus tester. The format parameter
that is programmed as part of the control word is defined slightly differ-
entiy from the format that is specified via the keyboard or the Tow-speed
FR command. This difference is discussed in paragraphs 2.9.1.5, 2.9.2.2
and 2.9.3.4.

When operating by means of the low-speed commands, including GO and HA, a
certain amount of structuring of messages and words takes place that does
not occur when the high-speed commands are used:

(i) In Tow-speed mode, the control words for the individual message
blocks are updated automatically according to the programmed values
of format, word count, response and intermessage gap times and
block 1inking parameters,

(i1) Also in low-speed mode, the format and . word count portions of the
block control word are automatically updated whenever the block's
comnand word (BC mode) is programmed. (Refer to paragraph

2.9.1.5,) The control word is not automatically updated when the
command word is specified by a high-speed input command. One way
around this situation is to program both control parameters and
command words via low-speed commands, using the high-speed commands
for transfers of data words and go/halt control.

{ii1) When the tow-speed go command is used, the MSBs of the third and
fourth bytes of the 1553 words are used to distinguish between
transmitted, received and pending received words. Refer to para-
graph 2.7, Table 2-6. When the high-speed go command {!) is used,
the encoding of these bits must be performed by the host computer.
Alternatively, the user may choose not to specify these bits, in
which case their values should be ignored when the message data is
reviewed.
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2.11.4.1 HIGH-SPEED COMMANDS

There are four high-speed commands.

Table 2-18.

They are data input, data output, go and
halt. The high-speed commands and their associated reply strings are indicated in

Table 2-18. Remote I/0 High-Speed Command Table

{nput

(Byte #1) (Byte #2)._.(Byte #N)*

are formettad in binary. They denote the block
number, starting word number within the block
and the total number of binary bytes to be
transterred from the selected port to message
RAM. The starting word number must be In the
range from 0 to 49. The word In position 0 13 the-
block control word. There ere four binary bytes
per word. See Paragraph 2.10 for the hex
representation of MIL-STD-15663 Command and
Status words.

The three parameters following the ampersand (&)

COMMAND NAME COMMAND FREPLY STAING
DESCRIPTION STRING SYNTAX SYNTAX
High—_'Spée'd' Data & (Block #) (Starting Word #) (Byte Count (N})) None -

 High-Speed
Data Cutput

*(Biock #) {Starting Word #) (Byte Count (N})
Simllar to the high-apeed data input command,
The parametars biock number, starting word
number and byte count are designated in binary.

(Byte #1) (Byte #2)... (Byte #N)}(LF)*
N Binary bytes are transterred from
message RAM to the selected port.
The representatlon of all control,
command, status and data words is
comprised of four binary bytes,

High-Speed GO

H
Causes the exerciser to execute the programmed
1553 message saquoncs.

{4 Spaces} Busy

High-Speed Halt

L

Causes tha exerciser to halt execution following
axacution of the current frame {B.C. Mede) or
current messege {R.T. moda}

(4 Spaces} Halt

-Whaen opearallng over the IEEE—488 Interface, the "EOI" handsheke line [z asserted with the last cdata byle of ths “high-spaed” Input
command string and with the larminating "line!sed™ at tha end ol the "high-spesd” output reply atring.

2.11.4.2 PROGRAMMING AND TIMING CONSIDERATIONS

For the low-speed remote commands, the 1553 Command, Status and Data words are
repraesented by strings of either six or eight ASCII-coded hex digits.

are used for the full representation,

necessity slower for doing block transfers than is a packed binary format.
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For the high-speed input and output commands, the 1553 words are represented
by four binary bytes. Referring to Table 2-19, it is seen that the four-byte
representation of 1553 words for the high-speed I/0 commands is identical to that
for the low-speed commands, with the following two exceptions:

1) As denoted by (*}, the "Message Error" bit, indicating either a word error
or a high word count error, appears in the bit 5 position of the fourth
recejved byte rather than the bit 4 position of the third received byte.
The bit 4 position of the third (received word - detected error) byte will
always return a 0.

2) The pending-receive/transmit and transmit-receive/pending bits, the MSBs
(bit 7) for the third and fourth bytes respectively {denoted by (**)), are
nositioned the same as 1in the Tlow-speed representation. However, it
should be noted that when the user employs the Tow-speed go command, as
opposed to the high-speed(!) command, the values for these two bits are
pre-assigned prior to the processing of the message sequence as follows:

BYTE 3 “D7" BIT BYTE 4 D7’ BIT
{Pending-receive/transmit) | (Transmit-receive/pending)
For “TRANSMIT" words 0 1
For “PENDING"” words 1 0

When using the Tlow-speed go command, this pre-assigning is done by the
Exerciser's internal firmware. The action of the instrument's 1553 processor
(following either go or !}, will be to set both of these bits to logic 1 for all
received words only. The bit values do not change for transmitted words.

Since the high-speed GO (!} and HALT(.) commands greatly reduce the amount of
instrument firmware overhead time, they will generally be used in conjunction with
the Input (&) and Output (*) commands. The user has two options for handling the
MSBs of the third and fourth bytes in high-speed mode:

1} Mimic the instrument software by presetting the two bits to their proper
values prior to message processing by means of the high-speed input com-
mand. This must be done for pending received as well as for transmit
words.

2} Ignore the values of these bits following message processing. This
introduces the problem of not being able to make a simple determination of
received word count. In many applications involving system type testing,
this may be acceptable.
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Table 2-19. 4-Byte Represantation of 1553 Words for
High-Speed and DMA (GPIB) Input and Output Commands

BIT POSITION
BYTE D? [al:] b5 D4 ax] D2 [y Do
1{T-R} Upper 8 Biis of Dala BIT 1 BIT 2 BIT3 BIT 4 BIT 5 BiT§ BIT? BiT A
{shown for Data (M58
Word)
2{T-R) tLower § Bits of Dala BITA BIT 10 BIT 11 BIT 12 BIT 13 BIT 13 BIT 15 BIT 16
{shown for Data (LSB}
Word)
i3] . Manchaster . . N
) ) ) ] . . Low Bit High Bit
3T Transmit Word: Fending- | Incorrect Parity Sync Zaro Parity Encoding or Count ot Gount or
Induced Errors Receive/ | Sync Type [Manchest- | Crossing Error Zero - Cros-
—_— | . Message Word Gap
Transmit Error er Error sing Devia- Gap Etror Errar
(Eﬂ Errar tion Error P
b SynciZero
4{T) Transmil Word: Transmit | Ercor Type | Syne/Zero | Crossing Bit anchester/| Manchester! | Manchester/| Manchester/
Receivef Received /| Selact (see | Crossing | Pasition 0 or Zero - Cros-] Zero - Cros- | Zero - Cros-{ Zero - Cros-
tnduced Sync/ Table 2.9} | Error Posi- High Bit sing Bit sing Bit sing Bit sing Bit
Manchester Pending tion 1 Count Position 3 | Position 2 | Position 1 Position 0
Error Select
Position (D
3(R) Aeceived Word: Panding Incoreect Early Message Parity Manchesi- Low Bit High Bit
Detected Receive/ | Sync Type | Response Error Error ar Count Count
Errors Transmit Error Error Encoding Error Error
(n Error
4(R} Receive Ward: Transmit- Data/ Message *
Receive Receive/ | Command Errar NOT USED [ALWAYS )
Verification/ Status
Sync Type/ Pending | Sync Type
Massage Error ()
In order to achieve the fastest Exerciser throughput using the high-speed

commands, the following guidelines should be adhered to:
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1)

2)

Disable the updating of the front-panel display by invoking a low-speed
Dispiay Disable (DD) command hefore implementing any of the high-speed
commands. There 1is considerable firmware overhead time to be saved by
freezing (or blanking) the displiay.

The fastest instrument operation will result from not mixing any of the
low-speed PG, SB, GO or HA commands with the high-speed (&), {*), (!) and
{.) commands. Use the Tow-speed commands for set-up purposes only. When a
string contains both low-speed and high-speed commands, the two sub-
strings must be separated by the terminator (CR) (LF); i.e., {(low-speed
command string) (CR) (LF) (high-speed command string).



3) The high-speed (!} and {.) commands may be used in either Singie or Repeat
operation., In order to minimize the instrument firmware time delays in
situations where data is to be output from the Exerciser following a mes-
sage sequence, it is best to concatenate the output command (*) and its
parameters {mmediately following the (!) command {for single mode), or
the . command (for repeat mode}.

The alternative method, which is a bit slower, but will not momentarily
hang the bus when operating over the IEEE-488 (GPIB) interface, is to wait
for the Service Request indication following the completion of ‘the Exer-
ciser message sequence. The Serial Poll Status byte may then be read (via
an SPE command (GPIB only), or an SS command) and verified to have a value
of 01 hex (41 hex, when using the GPIB with the possibility that other
Status byte bits may also be set), indicating that the Exerciser's 1553
message sequence has been completed. The controlling device shouid then
proceed with whatever high-speed input or output commands are required.

These sequences are indicated in Figure 2-24 and illustrated in the ex-
amples given in paragraph 2.11.4.4,

4) When the controlling device sends a high-speed output ({*) command and
associated parameters, it must immediately configure the instrument to
start sending its reply string. When the IEEE-488 (GPIB) port is the
selected interface, this is done by putting the instrument in its Talker
Active State (TACS), This is done by sending a My Talk Address (MTA} com~
mand (an MTA command automatically unlistens the Exerciser), and then con-
figuring the GPIB handshake to allow the Exerciser to start sending its
reply string. When the 8-bit parallel port is the selected interface, the
Exerciser will send the first reply character when the READ request input
is brought to leogic 0. For the R$-232 interface, the reply string wilt be
sent immediately after the cutput command (and parameters) is received,
assuming that the handshake lines are not used. For any of the inter-
faces, if the Exerciser is not configured to respond within about 1 ms
after it is ready for reply to a high-speed output command, the instru-
ment's reply string may become invalid. The reason for this is that there
ijs a fail-safe timing mechanism implemented in the Ekxerciser firmware.
When this timer times out, the instrument assumes there is a problem with
the controlling device {or bus) and exits the high-speed mode. When this
occurs, the reply string will correspond to the last command loaded to the
command queue rather than to the * command.

2.11.4.3 UPDATING MESSAGE CONTROL PARAMETERS VIA THE HIGH-SPEED INPUT COMMAND

As shown in Figure 2-3, the first word of each of the memory blocks dedicated
to a particular -1553 message is designated as the block control word.

The Exerciser representation of the control word, like the 1553 Command,
Status and Data words, is comprised of four B-bit bytes. Since the first 1553 bus
word (command word) is designated as word 1 of the block, the control word, which
precedes it, is designated as word 0. '

The control word contains the word count, format, intermessage gap time ({BC
mode), response time and block Tinking (RT mode) information that is transferred
from the message RAM to the control register of the Exerciser's 1553 processor prior
to the processing of the particular message.
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When the low-speed commands to update these various parameters are issued to
the instrument via the keyboard or a remote interface, a number of internal firmware
routines are invoked. These processes include filling and emptying the command
queue, parsing the command string and performing the necessary code conversions,
arithmetic, etc., to dimplement the particular command. These routines use up
relatively large amounts of time. For test applications where the same message or
message frame is repeated a large number of times with no parameter changes (but
usually involving block data transfers), applying the Tow-speed commands once prior
to the start of the test seguence for initialization purposes does not pose a severe
timing problem. However, for other applications where (for example)} formats and
word counts are updated prior to each message frame, this might present an intoler-
able situation. Even though the word count and format information are partially
implicit in the message command word (BC mode) or RT address parameter {(RT mode}, it
must be noted that the 1553 processor derives its word count and format information
from the control word, not the command word. Therefore, when using the high-speed
input command, it is generally necessary to update both words, if either format or
word count is changed. This is an important distinction from ltow-speed mode. The
critical difference is that the control word format and word count fields are auto-
matically updated by the Exerciser software when the command word is entered via a
tow-speed PG command (refer to paragraph 2.9.1.5).

The high-speed input command (&} provides a mechanism for updating the message
control parameters in real time.

The Exerciser control word, word 0 for each message block in both BC and RT
modes, is defined as follows (Refer to Table 2-20):

Table 2-20. Control Bit Word Assignments

BIT _
BYTZ & D7 Dé 5 | D4 l D3 D2 o1 | 0o
|
1. (B.C.&R.T.) | NOT USED {MSB) WORD COUNT o (LSA) |
; LO.GN.T.) | NGT USED MSH | FORMAT (LSH)
T, (B.C. Mode) | (X3B) "RESPONSE TIME" §:5:3 TH3E] IHTEAMESSAGE GAP
TIME
13, (R.T. Mode) | {M3B} "RESPONSE TIME" (L58) _NOT USER
. (8. &, Hode) TRYEAMES SAGE GAP TIME B (LS8)
[ (R.T. Hcde] NOT USED tLin
¥nable,/| (MSB) "Link To" 5
Disabls Block (LSB) f
I
TABLE A.10. "CONTROL WORD" BIT ASSIGNMENTS |
|

BYTE 1: Data Word Count, in binary, as defined in paragraph 2.9.1.5.

BYTE 2: Message Format, in binary, per the High-Speed/DMA Remote I/0 formats
listed in Tables 2.10 and 2.12.
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BYTE 3: Upper five bits (bits 7-3): Response Time: Assuming bit 7 {MSB} to have
a bit weight of 128 and bit 3 (LSB of Response Time field) to have a bit
weight of_8, the value of these b bits should be:

For BC mode: 8*(36-response time), with 5 < = response time <
For RT mode: 8%(37-response time), with 6 < = response time <

0B
Lo
—
o
=
Ut
et

Note that for RT format 02, the minimum allowable response time is 7 us. It is 6
us for all other message formats in RT mode.

BYTE 3: {Lower 3 bits (bits 2-0)), and

RYTE 4: For BC mode, the three LSBs of byte 3 are part of the Intermessage Gap
Time field. For RT mode, these three bits are not used (set to 0).

For BC mode, the three LSBs of the third control byte (D2 is MSB) assume
the weights 1024, 512 and 256, while the eight bits of byte 4 are assigned
hit weights of 128 (bit 7), 64 (bit 6), ...1 (bit 0). The value of the 11
bits is defined to be: 2054 - intermessage gap time, with 7 < = inter-
message gap time < = 2047 {us).

Exerciser intermessage gap time is defined as the time interval from the end
of the previous message to the start of the particular message; f.e., the time
interval preceding the processing of the particular message.

BYTE 4: {Bits 3-0): "Linked to Block" field (RT mode only): If the "linked to"
message block is to be enabled either to the same or a different block
number, the fourth RT control byte assumes the value of one less {0-7)
than the number of the "linked to" message block {1-8). If it is desired
to specify the "linked to" field as “"disabled," the fourth RT control byte
should be programmed for a value of eight (8).

The upper four bits of the fourth control byte (bits 7-4) are not used
{set to 0) for RT mode.

The control word may be loaded by means of either a high-speed input (&)
command or a DMA input command { > }.

The format byte that is Toaded via the high-speed input command is encoded
slightly differently than the format that is inputted via a Jow-speed FR command.
The difference is as follows: for the low-speed FR command, the "10" (hex) bit is
defined as the T/R reversal error bit. For the format byte in the Exerciser control
word that is loaded via a high-speed input command (&), the "10" bit is defined
simply as the T/R bit. That is, in general, the 10 bit that should be programmed
using the high-speed input command must match the T/R bit from the command word (in
BC mode) or the block's RT Address parameter (in RT mode). The exception to this
rule is the situation where it is desired to induce a T/R bit reversal error; that
is, to send a transmit command word plus data words, or transmit a receive command
without data words (BC mode). For this case, the 10 bit of the format byte should
be programmed to be the opposite of the T/R bit of the command word or RT address.
When the low-speed FR and PG commands are used, this XOR operation is performed
internally by the Exerciser firmware.

The differences between the encoding for the low-speed and high-speed format
bytes are illustrated in Tables 2-10 and 2-12.
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2.11.4.4 EXAMPLE OF EXERCISER OPERATION VIA HIGH-SPEED REMOTE I/0 COMMANDS

The operation of the instrument using the high-speed 1/0 commands fs
illustrated hy the foliowing example.

In the example shown, the Exerciser 1is controlled by a host computer via its
IEEE-488 (GPIB) interface to produce the single-message sequence shown below:

5——'— 0821 1234 0800 ———S
: : Data Status

“Receive”
Command Word Word
Word ’
- —~— - L. -~
"Receive’’ command and Status word
single data word reply from
transmitted by Exerciser R.T. #1

to R.T. address 1,
subaddress 1

Before invoking the sequence of high-speed commands 1listed below, the Exer-
ciser must be initialized to Repeat, BC mode with a message count of 1 and a frame
time of 2 ms. As an additional means of enhancing speed, the front panel display is
disabled and blanked. Using the IEEE-488 interface, the low-speed command string
for this configuration is as follows: _ -

(MLA (with ATN)) BCRPBF1;FT2;0D(CR){LF with EOI) (UNL {with ATN)) |

As a means of minimizing the amount of Exerciser software overhead time, the
parameters for the message to be processed will be loaded via the high-speed input
command rather than as a series of low-speed commands. That is, the format, word
count, intermessage gap and response time information will be imbedded in the
control word, or word 0, which is sent as the first word in the high-speed input
command string. :

The control word parameters will be as follows. The response and intermessage
gap times are not relevant for a single BC-to-RT transfer in BC mode, but are s hown
for purpose of illustration.

Data Word Count = 1 = 0000 0001 {(binary)
Message Format (per Table 2.8) =0 = 0000 0000
Response Time = 10 us; therefore, load 8 * {36 - 10) = 208 = 1101 0---

Intermessage Gap Time = 30 us; therefore, load 2054 - 30 = 2024 = ---- 111 1110
1000

Therefore, byte 3 of the control word should be specified as 1101 0111 and byte 4
should be 1110 1000.
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The high-speed command string necessary to 1ocad the control, command, data and
(preloaded) status words and to initiate the BC transmission is as follows:

[ALA twith ATHY) £, 0000 0001, 9000 0000, 0001 007,

16 bytes
to be input
(4 words}

starting word is
word #Q : control
word

message block #1

high-speed input command

header byte ("My Listen Address” with
“Attention” handshake line asserted)

.0000 0001 0000 0000 1101 0111 1110 1000

_J
I— control word (per above)

10000 1000 0610 0001 0000 0000 1000 0060 =

I—— command word (0821)

,0001 0010 0011 0100 0000 0000 1000 0000
. _[ data word (1234)

,0000 00C0 C0G0O 0000 1000 0000 Q0CO 0000,
\___"Pre-[caded" status word (0000, “Pending Reception™)

! (with EOI)
l..__....._r.._—l .
- high-speed Go command. Note that the GPIB ““EOI’” (END OR IDENTIFY) handshake line is asserted
with ““1”, since it is the last character in the “‘high-speed’”” command string.

(UNL (with ATN),
1

{_‘unlisten” command, with “Attention” asserted, terminates the input string. s

After a suitable delay {20 ms) to allow the Exerciser to repeatedly execute
the message sequence, a high-speed stop command followed by a high-speed output
command are used to terminate the 1553 transmission and to interrogate the Exerciser

for the received RT Status word.
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MLA (with ATN) . * 00000001 00000011, 0000 0100 (with EQY,

[E———ne

@ord #3
(R.T. gtalus
word)

Block #1

- “high-speed”
' output command

“high-speed”
stop command

"“Unlisten”
cammand header

LUNL (with ATN) MTA (with ATN)

]

4 bytes (1 word) to be output.
Note that “EQ!" is asserted
since this byte is the last in
the command string.

LTerminator (Unlisten) and Header (My Listen Address) commands, requesting the Exerciser to “Talk™.

At this time, the GPIB handshake lines must be conf igured immediately (within

1 ms to avoid a timeout condition) for the Exerciser

to talk (reply).

i The Exerciser high-speed reply string will be as follows:

,0000 1000 0G0 0000 1000 0000 1000 0000 LF (with EOI)

_ 1
R.T. Status word (0800, '“Received’’, no errors)

|
terminator
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2.11.5 IEEE-483 DMA INTERFACE
2.11.5.1 OVERVIEW

As a means of providing a standard, high-speed interface to an ATE host com-
puter, the IEEE-488 (GPIB) interface for the Exerciser incorporates direct memory
access (DMA) capability. The design of the GPIB interface for the Exerciser allows
the host computer to directly access ail memories and registers in the Exerciser's
1553 processor, completely bypassing the instrument's internal microprocessor. The
only portion of a DMA input or output command string that the Exerciser handles as
programmed 1/0 is the first five {5) bytes, used for configuring the DMA controller.

By means of the DMA mechanism, it 1is possible to read and write message and
control data to memory and to the various Exerciser registers that control the 1553
processor. This includes:

1) A1l transmitted and received Command, Status and Data words.

2) A1l control words to the Exerciser message RAM., As discussed in
paragraph 2.11.4, control words are used to program all parameters for
individual messages, including format, word count, response time,
intermessage gap time and RT "linked to" block address.

3) The RT trigger RAM used for mapping the RT Address/T-R bit combinations
for received command words to individual message blocks.

4) Full real time control over BC/RT mode selection and start/stop
functions.
5) Additional functions such as message count, transmitter ampiitude, re-

sponse timeout, Channel A/B select, internal/external trigger select
and message error indications.

The Cxerciser DMA operations are implemented as halt burst transfers. That
is, the user specifies the DMA starting address and the number of bytes to be trans-
ferred to/from Exerciser memory (or registers). The specified number of bytes are
then seguentially written to or read from the Exerciser 64K address space. It
should be noted that certain portions of the Exerciser address space have been made
inaccessible to the DMA interface to prevent the user from inadvertently “"crashing"
the instrument microprocessor. The inaccessible address locations include the
microprocessor PROM, scratchpad RAM and 1/0 ports.

The total time requived for a DMA burst (either in or out) is approximately
1.2 ms of overhead "set-up" time plus slightly under 10 us per byte transferred. The
Exerciser GPIB handshake timing for DMA transfers is shown for reference in
Figure 2-27.

There is also a DMA “"failsafe" timeout. This timer, which prevents the Exer-
ciser from "locking up" in the event of a problem in the host computer or the GPIB
handshaking circuitry, flags a fault condition if there is an excessive time inter-
yal between byte transfers. This time, which is user selectable, is factory con-
figured for its minimum setting of 427 ms. A DMA timeout fault results in a GPIB
Service Request and sets a bit in the Serial Poll Status byte.
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2.11,5.2 DMA COMMANDS

There are two (2) DMA commands: OMA input and DMA output. Both commands are
comprised of a single ASCII command character (byte}, followed by four (4} parameter
hytes specifying the 16-bit (binary) starting address in the Exerciser address space

and the 16-bit (binary) byte count indicating the length of the burst to be
transferred.

The two DMA commands are listed in Table 2-21.

Table 2-21. UMA Commands

— -

COMMAND COMMAND STRING REPLY
NAME/DESCRIPTION SYNTAX STRING SYNTAX

DMA DATA

>, al ad, ¢l el dl...dn,/
INPUT ad == )

NONE

| o [:n binary data bytes
B

yte Count(.n 16 bits)

L Memory starting addres (16 bits}

~DMA Data Input ccamand

DMA DATA ¢/ \al a0, el ey ‘ dl,..dn
CUTPUT ’

{ LF with EOI),

L-—' ' C Terminator
Byte Count

{.n ,l6 bits)

n binary data bytes

L

Memory starting
addroess (16 bit)

[;HA Data Qu:iput
command :
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2.11.5.3 DMA ADDRESS AND BIT MAPPING FOR EXERCISER MEMORY AND REGISTERS

Table 2-22 1ists locations of the Exerciser memory address space that are
accessihle via the GPIB DMA:

Table 2-22. Exerciser Memory Address Locations

ADDRESS/RANGE
(HEX) DESCRIPTION READ/WRITE .
1000-17FF Message RAM R/W
300-18FF R.T. Address "Trigger" RAM R/W
{(Lower 4 Data )
bits only)
3802 Mode Set-up Register R,R/W
LCUO _Message Count Register W
6000 Transmitter Amplitude Register W__ _
82040 Channel Select/Internal=- W
External Trigger Select/
] Response Timeout Register
3C00 Error Status Register R
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2.11.5.4 MESSAGE RAM ORGANIZATION (HEX ADDRESS 1000-17FF, R/W)

The message RAM, which stores all message block control words, as well as all
command, status and data words to be transmitted or received, is organized as shown
below. A1l locations of the message RAM are read/writable.

ADDRESS (HEX} BYTE DESCRIPTION

1000 Message Block #1: Control Word byte #1
1001 Message Block #l: Control Word byte #2
1602 Message Block #l: Control ' Word byte #3
1003 Message Block #1: Control word byte #d
1004 Maszage Block #1: Word #1, byte ¥1

1005 Message Block #1:. Word #1, byte %2

10G6 Massage Block #l: Word #1, byte #3

1007 - Message Block #1: Word #1, byte #4

1008 Meszage Block #l: Word $#2, byte #1

10c7 Message Block #1: Waord #49, byte #4

1100 Mess#ge block-#z; ‘Cantrol Word, Byte #1
1%c7 Messaga block #25 word #49, byte #4
1%00 ‘Message block #35 Control word, byte #1
1?00 .Hessage block #85 Centrel Word, byte #1
I%CT Massage black #8; Word #49, byte #4

It should be noted that the last 56 bytes of each message block,
locations 10C8-10FF, 11C8-11FF,...17C8-17FF are NOT used by the
Exerciser. ' :
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2.11.5.5 RT TRIGGER RAM ORGANIZATION (HEX ADDRESS 1800-18FF, R/W)

The RT trigger RAM is a 256 X 4 dual-ported RAM thal acts as a mapping mecha-
nism from the RT address and T/R bit fields of valid received command words that are
decoded from the 1553 bus. When the Exerciser is in RT mode, the RAM outputs the
upper three bits of the message RAM address, which comprise the Exerciser block ad-
dress. 1In addition, the RT trigger RAM, which is fully read/writable, has a fourth
output signal, VU-L, which, when asserted low, indicates that the RT address and T/R
bit fields of the command word map to one of the Enabled Exerciser message RAM
biocks (i.e., the particular address/T/R bit combination is simulated by the
instrument). The block diagram of Figure 2-25 dindicates a schematic representation
of the trigger RAM circuitry.

The address bit mapping of the trigger RAM is as follows:

A7: Data/Tommand-Status Sync (must be 0)
A6: Valid Word (must be 0)
A5: Command Word T/R BIT

Ad: Command Word RT Address 4 (MSB)

A3: Command Word RT Address 3

A2: Command Word RT Address 2

Al: Command Word RT Address 1

AO: Command Word RT Address © (LSB)

The data bit mapping of the trigger RAM is as follows:

D7, D6, D5, D4 : NOT USED (RAM is 256%4)
D3 : WVU-L: when low indicates that the RT address -
T/R bit combination of the received command
word is simulated by the Exerciser (RT Enabled).
D2 : EXERCISER MESSAGE BLOCK ADDRESS 2 (MSB)
DI : EXERCISER MESSAGE BLOCK ADDRESS 1
DO : EXERCISER MESSAGE BLOCK ADDRESS O (LSB)

To disable all eight message blocks, write 8 to all 256 locations of the trigger
RAM.

When enabling a specific Exerciser message block to simulate a given "RT
address/T-R bit" combination, it should be kept in mind that, in general, the speci-
fied data will be accessed only the FIRST time that a command word is directed to
the respective RT address/T-R bit combination. When the simulated RT is addressed
subsequently, it is possible that the contents of the trigger RAM may have been
overwritten by means of the "RT Block tinking" mechanism. The exact sequence of
message blocks (after the first "enabled" or "head" block) that simulates a given RT
is under contro] of the comtrol words in the message RAM, not the trigger RAM.

Therefore, in order to enable a given block to simulate a given RT address/
T-R bit combination the FIRST time that the appropriate command is received, write
the data defined as (Exerciser block number -1) to the address location defined by
(1800(hex)) + {RT address) + {0 for receive, 32 for transmit)).
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To disable a previously enabled block, write 8 to the address location def ined
above. It should be noted that whenever the RT address or TR bit for a given block
is changed, it is necessary to first disable the currently programmed (Enabled)
address, before enabling the new RT address/T-R bit combination for the respective
massage block.

2.11.5.6 MODE SET-UP REGISTER {HEX ADDRESS 3802; BITS 7,6,4,3,2,1 AND O ARE
READ/WRITE; BIT 5 IS READ ONLY)

This register is used for configuring the Exerciser for its various operating
modas. It is also used in conjunction with the Message Count register {paragraph
2.11,5.7) for start/stop control. The set-up/start/stop sequences for the various
Fxerciser operating modes are discussed in paragraph 2.11.5.11. The bit mapping for
the mode/set-up register s as follows:

BIT DESCRIPTION
7 (MSB) RT-MON/BC (R/W)
6 ON-LINE {(R/W)
5 FRAME ENABLE (READ ONLY)
4 REPEAT RT MODE (R/W)
3 BC-MON/RT (R/W)
? SELF-TEST (R/W)
1 NOT USED (R/W)
0 (LSBR} NOT USED : (R/W}

2.11.5.6.1 RT-MODE/BC{R/W) AND BC-MON/RT(R/W)

Thase two hits select the Exerciser mode of operation as follows:

MODE RT-MODE /BC(Bit 7) BC-MON/RT(Bit 3)
BC 0 1
RT 1 0
Monitor {Not implemented) 1 1
Invalid Combination 0 0

2.11.5.6.2 ON-LINE (R/W}

This bit should be set high to enable BC or "Single" mode RT operation to
start after the Message Count register has been written to. To enable "Repeat" RT
MODE operation, this bit should be kept high with REPEAT RT MODE (bit 4) held low.
ON-LINE should be held Tow at all other times when the Exerciser is not operating in
BC or RT mode.

2.11.5.6.3 FRAME ENABLE {READ OKLY)
Frame enable is a read only bit that indicates, when high, that the Exerciser

is currently either processing a single frame of up to eight messages in either BC
or RT mode or i3 "on-Tine" for continuous RT operation.
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2.11.5.6.4 REPEAT RT MODE (R/W)

For repeat (continuous) RT operation, this bit shouid be held low with ON-L INE
set high, EEﬁEE! RT VMODE should be kept high at all other times.

2.11.5.6.5 SELF-TEST (R/HW)

This bit should be set high when performing an internal encoder/decoder
wraparound self-test, utilizing BC format 20. SELF-TEST, which has the effect of
inhibiting the transmitter {preventing traffic on the external serial bus) and
routing the encoder serial outputs directly to the decoder inputs, should be set Tow
at alil other times.

2.11.5.7 MESSAGE COUNT REGISTER (HEX ADDRESS 1€00, WRITE ONLY)

Tha bit definitions for the message count register are as follows:
BIT DESCRIPTION

7 (MSB) NQT USED

3 NOT USED

2 MESSAGE COUNT 2

1 MESSAGE COUNT 1

0 MESSAGE COUNT O

This register is used for controiling the processing of a single frame of from 1 to
8 messages in single BC or RT modes. It is not used in repeat RT mode. Writing to
the message count register has two effects:

1) The number one LESS (0 to 7) than the actual number of messages to be
processed (1 to 8) is specified directly by the lower three bits.

2) When configured for Internal trigger, writing to the MESSAGE COUNT
register has the effect of bringing the "FRAME ENABLE" signal in the Exer-
ciser's 1553 processor high. When configured for External trigger, frame
enable goes high after: (1) the message count register has been written
to, and (2) the TRIGGER INPUT signal has been asserted low. When FRAME
ENABLE goes high in BC mode, the Exerciser initiates its frame sequence {1
to 8 messages). For single RT mode, FRAME ENABLE going high puts the
Exerciser on-line. For both BC and single RT modes, frame enable goes
low, and the Exerciser goes off-line after the number of messages speci-
fied by the MESSAGE COUNT register has been processed.

2.11.5.8 TRANSMITTER AMPLITUDE (HEX ADDRESS 6000, WRITE ONLY)

Writing to this register has the effect of controlling the relative transmit-
ter amplitude. The register contents {(range O to 255) relate directiy to the trans-
mitter amplitude level, which varies from O fo approximately 9.75 volts peak-to-peak
direct-coupled across 35 otms, or 0 to 30 Vpp transformer-coupled, open-circuited,
The relationship between the contents of the Transmitier Amplitude register and the
peak-to-peak amplitude is approximately linear for register contents above 15.
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2.11.5.9 CHANNEL SELECT/INTERNAL-EXTERNAL TRIGGER SELECT/RESPONSE TIMEOUT
REGISTER (HEX ADDRESS 6200; WRITE ONLY)

The bit definitions for this register are as follows:

BIT DEFINITION

7 (MSB) CHANNEL A/B SELECT

TNTERNAL /EXTERNAL TRIGGER SELECT
NOT USED

RESPONSE TIMEQUT 4 (MSB)
RESPONSE TIMEQUT 3

RESPONSE TIMEOUT 2

RESPONSE TIMEOUT 1

RESPONSE TIMEOUT O {LSB)

QMW RO,

2.11.5.9.1 CHANNEL A/B SELECT

Setting this bit low specifies Channel A as the active bus channel for the
front and rear panel 1553 bus connectors. Setting this bit high specifies Channel B
as the active channel.

2.11.5.9.2 INTERNAL/EXTERNAL TRIGGER SELECT

Setting this bit low specifies normal Internal triggering to initiate a BC
frame sequence. Setting this bit high specifies External triggering, which is used
for the bus switching test for dual redundant RTs. Use of the External trigger
feature is discussed in detail in paragraph 2.9.5.

2.11.5.9.3 RESPONSE TIMEOUT 4 (MSB) THROUGH RESPONSE TIMEOUT O (L.SB)

These 5 bits are used to specify the response timeout time for external RTs.
The value of these 5 bits corresponds directly to the response timeocut value, in
microseconds, per the MIL-5TD-1553B definition of response time. The allowable
range for response timeout is 5 to 32 us., in 1 us steps. Programming the RESPONSE
TIMEOUT bits to zero (0) results in a timeout value of 32 us.

2.11.5.10 ERROR STATUS REGISTER (HEX ADDRESS 3C00; READ ONLY)
The bit definitions for this register are as follows:

BIT DEFINITION

7 (MSB)  NOT USED

6 NOT USED

5 NOT USED

4 NOT USED

3 NOT USED

2 BUS FAULT

1 REPLY TIMEOUT

0 (LSB) TRANSMITTER TIMEOUT
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2.11.5.10.1 BUS FAULT

When this bit is high, it indicates that a word, word count or format error
has occurred in the current or last completed message frame for BC mode or in the
current or last completed message for RT mode. The BUS FAULT bit is cleared at the
start of a message frame in BC and RT modes and at the start of each message
involving an RT simulated by the Exerciser for RT mode.

2.11.5.10.2 REPLY TIMEOUT

When this bit is high, it indicates ‘that an external RT has responded later
than the programmed value for response timeout, or earlier than 4 us {per MIL-STD-
15538). The REPLY TIMEOUT bit is cleared at the start of each message frame for 8C
and RT modes and at the start of each message involving an RT simulated .by the
Exerciser for RT mode,

2.11.5.10.3 TRANSMITTER TIMEQUT

This output high indicates that there has been continuous activity on the bus
for longer than 800 us. The TRANSMITTER TIMEOUT bit is reset at the start of each
message frame for BC or RT modes. : :

2.11.5.11 CONTROL/START/STOP SEQUENCES VIA DMA

It is possible to fully control the Exerciser's 1553 processor by performing
sequences of DMA input and output commands using the [EEE-488 interface. The DMA
commands provide the fastest means of moving blocks of data into and out of the
Exerciser's message RAM, -

It is also possible to control the actual starting and stopping of the 1553
processor via DMA commands. For example, it is possible to initiate a BC frame
sequence by writing a single byte to the message count register. In other situa-
tions that do not require the fastest throughput rate, it may prove more convenient
to make use of the high-speed go (!} and halt (.) commands discussed in paragraph
2.11.4. The advantages of using the high-speed go and halt commands are:

1) When the Exerciser compietes a 1553 message sequence that was initiated by
a high speed 60 (!) command, it will provide a Service Request indication
to the GPIB controller. If the start/stop sequence is controlied by DMA
commands, it becomes necessary for the controller to poll the FRAME ENABLE
hit (bit 5) of the MODE SET-UP register via a DMA output command. This
entails a high level of overhead for the controller.

2) For "Repeat" BC operation, the functions of frame timing and frame re-
starting are handled by the internal Exerciser software. If the same
control functions are done by DMA commands, the amount of controller
overhead is increased.

3) For BC mode tests involving the "External Trigger" function, it is not
possible in some instances to determine whether or not a message frame has
been processed using the DMA commands only. Therefore, it is strongly
recommended that the high-speed GO (!) and halt (.) commands be used when
in "External Trigger" mode.
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The flowchart of Figure 2-26 illustrates the general sequences for controlling
the Exerciser 1553 processor by means of DMA Input and Output commands. The DMA and
high-speed command sequences required to configure, start and stop the 1553
processor for the various operating modes are indicated in Table 2-23.

2.11.5.12 DMA TIMEOUT

The DMA interface is configured with a timeout circuit. The timeout cir-
cuit monitors each DMA transfer burst in order to detect a fault in the Exerciser
1EFE-488 interface, the GPIB BUS or the GPIB controller hardware or software,
It will detect low byte count errors as well as hard failures in the IEEE-488
interface.

The operation of the timeout circuit is as follows:
1) The timer is reset at the start of each DMA transfer burst.

2) The timer is reset on each trailing (electrically rising) edge of the
"Data Valid" (DAV) GPIB handshake signal. This edge markes the end of
each byte transfer cycle, since it indicates that the "Talker" device has
acknowledged that the "Listener" device has accepted the last data byte.

3) If there is no trailing edge of DAY within the allotted timeout period
(indicating no byte has been transferred during this timeout interval),
the timer times out. This results in the following action being taken by
the Exerciser:

(i) The DMA transfer burst is aborted.
(ii) The GPIB Service Request output (SRQ) is asserted Tow.
(iii) The GPIB Serial Poll Status byte will indicate a hex value of 50 in
response to a Serial Poll Enable (SPE)} command, Bit 4 ("10" bit)

of the serial Poll Status hyte for the Exerciser is defined as DMA
TIMEOQUT.
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SET UP TRANSMISSION
AMPLITUDE  , ~CHANNEL SELECT’,
R.T. ADDRESS , “MESSAGE
COUNT , ETC. VIA EITHER LOW
SPEED OR “DMA" COMMANDS
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UPDATE MESSAGE RAM DATA VIA
DMA INPUT COMMANDS

START/STOP - S START/STOP VIA HIGH-

VIA DMA. - -~ ¥~ ~<SRFED COMMAND
r |
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DMA START/ [ HIGH-SPEED
RUN SEQUENCE START/RUN/STOP
. SEQUENCE

' DMA STOP
SEQUENCE

Y VES
VERIFY SERIAL POLL STATUS -
BYTE = 41 (HEX)

1

OPTIONAL&
READ ERROR STATUS REGISTER

YIA DMA QUTPUT COMMAND

4

REVIEW MESSAGE RAM DATA VIA
CMA QUTPUT COMMANDS '

’ Figure 2-26. OMA Start/Stop Flowchart
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Table 2-23.

5% > ] f
v

Configure/Start/Stop High-Speed and DMA

P& ( oi - e

s

Command Seguences

Y N R
“CONF LGURE /START"
OPERATING MODE SEQUENCE "STOP" SEQUENCE

BUS CONTROLLER

Single-frame, Internal
Trigger (High-Speed)

High-Speed Go(!)

ﬁ))f Er“‘

Wait for SRQ

Single Frame, Internal

Write 58 (hex) to Mode Set-up

Pell Frame Enable bit

Trigger, Not Self-Test, Register. Write to MESSAGE (bit 5) of MODE SET-UP
(DMA) CUUNT REGISTER _ REGISTER until it is
- 3 ¥ o £ ' low. Mrite 18 (hex) to
5% o ot MODE SET-UP REGISTER.
fo I

Single Frame, Internal
Trigger, Self-Test (DMA)

Write 5C (hex) to Mode Set-up
Register. Write (Message
Count-1) to MESSAGE COUNT
REGISTER

Poll Frame Eanble bit
(bits 5) of MODE SET-UP
REGISTER until it is
low. Write 18 (hex) to
MOUE SET-UP REGISTER.

Single Frame, External

High~Speed GO(!)

Wait for SRQ. If there

Trigger {High-Speed) is no SRQ within an
appropriate time
period, send a High-
Speed HALT{.}

Repeat Operation, High-Speed GO(!) High-Speed HALT(.)

Internal Trigger Wait Wait for SRQ.

{High~Speed).

Repeat Operation, {1) Write 58 (hex) to MODE Following step (3),

Internal Trigger, Not SET-UP REGISTER. poll Frame Enable

Self-Test (DMA) (2) Write to MESSAGE COUNT bit (bit 5) of MUDE

REGISTER, SET-UP REGISTER until

(3)
Time.
(4) (Uptional) Poll FRAME
ENABLE bit (bit 5) of MUDE
SET-UP REGISTER until it is
low.

(5} Repeat steps (2), (3)&(4).

Delay for desired Frame

it is low.
Write 18 (hex) to Mode
Set-up Register.
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Table 2-23. Configure/Start/Stop High-Speed and DMA Command Sequences - cont.

“"CONFIGURE /START"
QPERATING MODE SEQUENCE "STOP" SEQUENCE
Repeat Operation, Same sequence as above except Same sequence as
Internal Trigger, write bC instead of 58 to MODE { above.
Self-Test (DMA) SET-UP REGISTER in step {1)
Repeat Operation, High-Speed GO(!j : ngh—speed HALT (.)
External Trigger Wait : Wait for SRQ
{High-Speed} ) ' '
REMOTE TERMINAL _
Single Frame High-Speed GO(!) ' R Wait for SRQ. If there
{High-Speed) : is no SRQ within an
: appropriate time period,
send a High-Speed HALT {.)
and wait for SRQ.
Single Frame (DMA) Write DU (hex) to MODE SET- Pol1 FRAME ENABLE
UP REGISTER. Write to bit {bit 5) of MODE
MESSAGE  COUNT REGISTER. SET-UP REGISTER until
low or until an appro-
priate time has elapsed.
Write 90 (hex) to MODE
SET-UP REGISTER.
Repeat Operation High-Speed GO(!) High~speed HALT(,)
(High-Speed) Wait for SRQ.
Repeat Operation Write CO (hex) to MODE Writer 90 (HEX) to MODE
(OMA) SET-UP REGISTER. 1 SET-UP REGISTER.
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The value of the DMA timeout time interval is user-selectable. By means of
the jumpers used to select the baud rate for the Exerciser's RS-232 interface
(paragraph 2,11.2.3), the DMA "inter-byte" timeout value may be selected to be in
the range from 427 ms (factory setting) to about 30 seconds. A long time interval
for DMA timeout is useful in situations when the IEEE-488 bus traffic is being
monitored by a GPIB analyzer. Table 2-24 1ists the possible DMA timeout values and
corresponding RS-232 baud rates with the required bottom board jumpers for each.
Refer to Figure 2-22 for the locations of the jumper points on the bottom board.

Table 2-24, DMA Timeaut Value Jumpers

:DMA 'Inter-byte |RS§-232 Baud ' X= Jumper Required :
'Timsout(Saconds)|Rate(Bits/second)| E19 to EI0|E2) to E22|E23 to E24|BE25 to E26
30.454 134.5 X X X
o 47.307 15U A X
I NCEE JUU A X
i 65.827 60l X
i 4.551 It A A
: 3.413 LaU U X X
| 2,216 L300 X X
i 1.707 2400 X
[ T.138 3600 X X
! X! 32800 X
.269 7200
YY) Yeu0*
*Factary Setting

2.11.5.13 EXAMPLES OF EXERCISER OPERATION VIA DMA COMMANDS

The operation of the Exerciser using the DMA commands is illustrated by the
following two examples.

In the first example, the Exerciser is configured for BC mode. By meéns of
DMA and high-speed commands over the IEEE-488 {GPIB) interface, the instrument
processes the following singie-message seguence: _

i 0822 | 1111 | 2222 0800 —
N\ / N e—
' N
Receive command and two data R.T. Status Word Received
words transmitted by Exerciser to from R.T. #1

R.T. *1
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It is assumed, for this example, that the Exerciser has been previousiy
configured for "Single" BC mode.

Ta program the Exerciser for a transmission amplitude of approximately 3 Vpp,
a level of 75 is specified via the DMA as follows:
\(MLA(with ATN) ), > (0110 0000) (0000 0000} (0000 0000) (0000 OOO{b

L—1 byte to be
" input. -

L— Transmitter amplitude register
address = 6000(HEX)

— DMA INPUT Command
header byte ( My Listen Address with Attention
handshake line asserted)

(0100 1011),

E::Lwransmitter

Amplitude=75 (binary)

Similar to the example of instrument operation using high-speed commands
outlined in paragraph 2.11.4.4, the message parameters will be loaded by means of
the message control word, via the DMA. The response time and intermessage gap time
parameters are included in the example for purposes of illustration.

The control word parameters will be as follows:

0000 0010 (binary)
0000 0000 (binary)

Data word count =
Message format

ilon

2
0

Response time 9 us and intermessage gap time = 20 us

By referring to paragraph 2.11.4.3, it is seen that the third byte becomes
8* (3 - 9) +7
= 223 = 1101 1111 {binary), and

the fourth byte becomes
242 = 1111 0010 (binary)

The third and fourth bytes specify a response time {not applicable, shown for
purpose of example only) of 9 us and an intermessage gap time of 20 us.

The DMA input string necessary to load the control word, Command word, two

Data words and preloaded (pending received) Status word into the first five word
positions (starting at position 0} of message block 1 is as follows:
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Bt

T

{0001 0000) (0000 0000), \( 0000 0Q000) (0001 0100}/

L——-DHA Starting Address = 1000 (HEX)

DMA Input Command

20 data bytes
{5 words)

\(0000 0010) (0000 0000) {1101 1111) {1111 0010},
- Control word (se: above)
\(0000 1000) (0010 0010) (0000 0000) (1600 0000)/
™ Command Word (0821)
£ (0001 0001) (0001 (1001.)___I (0006 0000} (1000 QQ00)/

fm—pirst Data Word (1111}

W 0010 0014) (0010 0010) {0000 0000) (1000 0000},

T

—— second Data Word ({2222)

{0000 0000) (0000 00Q00Q) (1000 0000} (0000 0000),

“ pPre-loaded Status Word (0000, 'Pending Receptioﬁ )

(!(with EOI})A( Unlisten , with ATNY/
[—— ]

UNL {with ATN)

Unlisien

b High-Speed GO command. Note that the GPIB EOI (End
or Identify) handshake time is asserted with ! , since
it is the last command character of the string.

command, with Attention asserted

terminates the input string.

Since the Exerciser is in "Single" BC mode, is will process the programmed
single-frame message sequence once, and then assert its GPIB Service Request {SRQ)

output.

The GPIR controller may then determine that the cause of the SRQ is a "1553
Message Sequence Complete" condition in the Exerciser. This is done by performing a
serial Poll Enable (SPE) sequence and verifying for a Serial Poll Status byte of 41
(hex) from the Exerciser. -

The GPIB controller may then invoke a DMA Output command to verify the RT

status word,
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\(MLA (with ATN))a <p(0001 0000) (0001 0000)\(0000 0000) (0000 0100)/

J , L——-—-4 bytes

{1 word)

L—Startinq Address 1010 (BHEX)

DMA Output Command

‘—header byte ( My Listen Address
with Attention)

\UNL(with ATN)  MTA(with ATN) ,

‘ewTerminator (Unlisten} and Header (My Listen Address) commands,
requesting the Exerciser to talk .

When the Exerciser IEEE-488 interface is configured to "talk”,
it will respond with the "DMA Output" reply string as follows:

y (0000 1000} (0000 0000) (1000 0000) (1000 0000) ( LF '{with EOQI)),

Terminator

L—-R.T. Status Word (0800, Received, no errors)

The second example of Exerciser operation using the DMA commands involves
configuring the instrument for RT mode.

For this example, the Exerciser will simulate RT Address 7 for two messages.
1t will respond by transmitting status and one data word for each message. The two
messages will be formatted as shown:

1 3c21 — 3800 'DATA WORD {
AN » / = /
Command word td be Status wotd and single data
received by Exerciger: word to be transmitted by
Transmit Command to Exerciser

R.T. #7, to transmit
1l data werd.

In this example, the Exerciser makes use of the RT "Block Linking" feature.
That is, it will respond with a different data word for the fwo messages: the data
word for the first message will be 1357, the data word for the second message will

be 2468.

Since, for this example, all I/0 is being done via DMA, it should be under-
stood that two functions normally done by the instrument internal firmware must be
performed by means of the DMA interface. These two functions are: (1) Loading the
trigger RAM (for RT address mapping), and (2) Loading the RT Status reply word.

It is assumed that the Exerciser has been previously configured for RT mode
with message block 1 simulating RT 3 transmitting, with the other seven message

blocks disabled.
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The first DMA command to be loaded must disable block 1 from simulating RT 3.
This is done by loading an 8 into memory location 1823 (hex}, as follows (reference
paragraph 2.11.5.5.):

EMLA(with ATNJL > {0001 1000} (0010 00153\10000 4000} (0000 0001};{?000 1000},

.
kr L—l byte C 8 disables
’ block #1 as
R.T. #3,
:——" trangmitting
Trigger RAM Address 1823 (HEX)
DMA Input Command

-— header byte

Similarly, to enable message block #1 to simulate R.7. #7 transmitting, U {1-1) must
be stored in Trigger RAM location 1827 (hex) as follows:

\2/{0001 1000) (08010 0111)/ (0000 0000) (0000 0001); ({0000 0000),

¢ Enables
Block #1 as
R.T. ¥7,
transmitting

h 1 byte
R.T. Triggar Address 1827

E— DMA Input Command

Next, it is necessary to program the first two message RAM blocks for the
control words and (preloaded) Command words, as well as for the Status and Data
words to be transmitted.

The control word parameters for message blocks 1 and 2 are as follows:
Data Word Count = 1 = 000C 000t (binary)

10 {hex) (per Table 2-9)
0001 0000 {binary)

Format

For RT mode, the upper 5 bits of the third control byte specify response time;
the lower 3 bits of the third byte are not used (default to 0). Assigning an RT
response time of 10 us, the value of byte 3 should be:

8§ * {37 - 10) = 216 = 1101 1000 (binary}

The fourth conmtrol byte for RT mode is used to store the "linked to block"
parameter in the lTower 4 bits; the upper 4 bits are not used and default to 0.

In order to link block 1 to block 2 {so that the Exerciser will respond with

the data from block 2 the second time RT 7 is addressed to transmit), it is neces-
sary to specify a value of 1 (2-1) as the fourth byte of block 1's control word.
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Since the Exerciser will be programmed to switch off-line after it has proc-
essed the message for block 2 (second message), the fourth control byte for block 2
may be arbitrarily assigned. By loading a 1 to this location, RT 2 will link to
itself. If the instrument was programmed using keyboard or low-speed 1/0 commands,
this would be the effective result.

The DMA Input command to load data to message hlock 1 is:

>n{ 0001 0000} {0000 0000), \{0000 0000) {0001 QQQ0)/

L 16 bytes (4 words)

I:Sta:ting Address 1000 (HEX)

DMA Input Command

\(0000 0001) {ge01 0000) {1101 1000) {0000 0001),

I
—cControl Ward (per above)

J 0000 €000} (0000 Q000} (1000 0000) (0000 0000),

L— pre-loaded Command Word (0000, Pending Reception )

1

\{0011 1000 (0000 UOOO) {0000 0004Q) {100¢ 0000}/
1
——status Word (3800)

\( 0001 0011) (0101 0111} (0000 0000): {1000 0000)/

]

—pata word (1357)

Likewise, for block 2,

> 7{0001 0001) (0000 0000), (0000 0000) {0001 0000)/

—
—-16 bytes (4 words)

:Starting Address 1100 (HEX)

DMA Input Command

(0000 0001) (0001 0000} {1101 1000} (0000 0001)

{0000 0000} {0000 0000) (1000 0000) (0000 0000)
{0011 1000) {0000 0000) (0000 0000) {1000 Q000Q)
\(0010 0100} (0110 1000) {0000 0000) {1000 0000),

e Data Word (2468)
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Now that the message and RT trigger RAMs are Jloaded, the FExerciser may be put
on-1ine to process the two-message sequence. Using the DMA commands, this is done
as follows:

By referring to Table 2-23, it is seen that two UDMA Input commands are
required to enable the Exerciser for "Single Frame" RT mode.

The first step is to lead DO (hex) to the Mode Set-Up Register, address 3802
(hex), as follows:

(0011 1000) (0000 00L0) (0000 0000) (0000 0001) (1101 0000)

The second step is to load one 1ess than the desired number of messages to be
processed, 1 {2-1) to the message count register, address 1C00 (hex), as follows:

(0001 1100) (000DC 0000) (0000 0000) (0000 0GO1) (0000 00OL)
(UNL (with ATN))

This puts the Exerciser's 1553 processor "on-Tine." It will now respond to
the first two messages {commands) directed to RT 7 to transmit, and then go "off-
Tine,"

To use the DMA mechanism to determine if the Exerciser has completed the
programned 2-message sequence, the MODE SET-UP register may be polled as follows:

(MLA (with ATN)) {0011 1000) (000G 0010) (0000 0000) {0000 000L)
(UNL {with ATN))  (MTA(with ATN))

The Exerciser will reply with:
(L1(FE)L 0000) (LF with EOIL),

where FE indicates the read only binary value of the FRAME ENABLE output bit
FRAME ENABLE will remain high until such time that the Exerciser has processed the
programmed Z-message Segiience.

The GPIB controller must continually poll FRAME ENABLE, as illustrated above
until it reads a 0, indicating that the 2-message sequence has been completed.

When frame enable does return a U {or, if it doesn't in a suitable amount of
time), the Exerciser should be taken off-line by loading 90 (hex) to the MODE SET-UP
REGISTER, as follows:

(UNT (with ATN)) (MLA {with ATN)) > (0011 1000) (0000 0010)
(0000 0000) (0000 0001) {1001l COGO)

The received command word for block 1 may be verified by sending a DMA Output
command as follows: _

2-150



< ;{1000 0000) (0000 0001), ({0000 0000) {0000 0100}/
4 bytes (1 word)

Address 1001 (HEX)
DMA OQutput Command
(UNL(with ATN )} (MTA (with ATN 1}
The Exerciser reply should he:
\(0011 1100) (0000 0001) (1000 0000) (1000 0000), \((LF) with (EOI )
T : ——
C—_COMMAND WORD (3C01, Received, no errors) Terminator

Simiiarly, the received command word for block 2 may be verified:
) (UNT (with ATN)} (MLA (with ATN))
(1000 1000) (0000 0OO1) (0000 QUOO)  (0VLBD B100)
(UNT (with ATN}) (MTA (with ATN))

Similar to block 1, the reply string should be:

‘ \(0011 11¢0) (0000 000L) {1000 0000) (1000 0000{/“(LF}with EOI')/
J L4Terninator

‘i L—Command Wword {31¢0l1, Received, no errors)
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SECTION 3
PRINCIPLES OF OPERATION

3.1 INTRODUCTION

This section describes operation of the Exerciser in terms of block and
simplified diagrams (Figures 3-1 through 3-13) and the interconnection and schematic
diagrams of Section 4. With the exception of the proprietary portion of the top PCB
assembly, sufficient information is provided to support equipment maintenance down
to the component level. '

3.2 OVERALL DESCRIPTION
(Reference Block Diagram Figure 4-2)

Referring to the block diagram, the Exerciser is comprised of five main
sections. These are:

1) The microcomputer section, fincluding the wmicroprocessor, RAM and ROM
memory, and address decoding.

2) The keyboard and display is the manual section and the 8-bit tri-state
paraljel I/0, IEEE-488 and RS-232 interfaces is the remote interface
section.

3) The 1553 message and trigger RAMs and associated buffering, timing, and
sequence control circuitry. This manual contains no schematic diagram or
detailed technical information pertaining to this section, since 1t is
considered proprietary by DDC.

4) The 1553 front end section. This is comprised of an error-generating
encoder and error-detecting decoder, a variable-level transceiver, and
two bus pulse transformers.

5) The internal power supply, which delivers +5V, +24V, +15V, and -15V to
the rest of the instrument.

Essentially, data flow through the. instrument takes the following path: with
the exception of the high speed remote 1/0 commands (discussed in paragraph 2.11.4),
commands and data which are input via either the keyboard or one of the remote I/
ports are queued in the microcomputer scratchpad RAM. When the microprocessor is not
servicing one of the I/0 ports, it parses the command string and executes the indi-
vidual commands. One of the important tasks performed by the processor is to trans-
late the data from ASCII hex, as it appears on the I/0 ports, to binary, as it is
stored in the message RAM. Some of the other functions of the microprocessor include
the loading of data to the RT trigger RAM to enable the Exerciser to recognize its
own RT address{es)}, as well as the loading of various registers 1in the 1553
processor associated with mode selection, message count, frame time, and run/halt
control.

The message RAM is a 16K-bit memory that is dual-ported to enable access from
both the microprocessor as well as the -1553 encoder and decoder. It is configured
with an 8-bit port to the microprocessor and 16-bit port on the 1553 side. Data
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transfers between this memory and the encoder/decoder buffers take place in sets of
two 16-bit transfer cycles.

The 1556 error-generating encoder converts 16-bit paralliel data (plus error
and control inputs) to bi-phase TTL Manchester I1 encoded serial data. The serial
output will either be valid or will include induced encoding errors, depending on
the programming of the various error tines,

Similarly, the 1555 bus error-detecting decoder converts bi-phase TTL
Manchester I1 serial data to a 16-bit parallel output. Additional output lines
indicate sync type, error conditions, and bus activity.

The 8559 transceiver contains waveshaping and power amplifier circuitry to
drive the 1553 bus to the required voltage amplitude. This amplitude may be varied
according to the level of the DC voltage delivered to the transceiver from a power
anplifier, as determined by the setting of the front panel potentiometer. Two pulse
transformers interface between the transceiver and the channel A and channel B buses
to provide the appropriate voltages and impedances for either direct or transformer
coupling.

The proprietary portion of the top board includes timers for generating re-
sponse, intermessage gap, and frame times, as well as for monitoring of response and
transmitter time-out conditions. In addition, the top beard includes the sequence
control and strobe generation logic necessary to format 1553 messages and to control
data transfers between the message RAM and the encoder/decoder buffers.

A1l instrument timing is derived from the 16 MHz clock generated in the de-
coder module. This clock is divided down inte 8, 4, and 2 MHz clocks which are used
for various functions within the Exerciser.

3.3 MICROCOMPUTER CIRCUITS: MICROPROCESSOR/CLOCK/RAM/ROM/ADDRESS DECODING
(Reference Block Diagram 3-1 and Bottom Board Schematic Figure 4-4)

The output of differential line receiver US50 provides the 4 MHz clock input to
microprocessor Ub5 {(Motorola 6809). The 4 MHz input to US0 comes from the top board.

Qutput pin 18 of buffer U57 provides a RESET pulse at power turn-on to the
microprocessor, as well as to ACIA U15, PIAs U16 and U40, and GPIA U2 (bottom
board), and to encoder USO, decoder US55, and timer U29 (top board).

Following the power-up RESET pulse to U55-37, the microprocessor begins run-
ning its program. Instructions are fetched from & x 8 EPROMs u22, U23, and U24. The
microprocessor executes its instructions by reading and writing data to the &K x 8
scratchpad RAM, comprised of U31, U32, U34, and U35 (individual XK x 4 RAMs }, and to
various 1/0 ports and the 1553 message RAM on the top board.

Address decoder U4l is used to select the memory or 1/0 device currently read-
ing or writing data. The timing diagram of Figure 3-2 illustrates the timing rela-
tionship of the microprocessor guadrature clocks Q and E and the memory and I/0 chip
select strobes.
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Figure 3-2. Sample Chip-Select Timing

In the timing diagram, the 1 MHz ¢Tock Q leads clock E by 90 degrees. The sig-
nal at U46-1 enables the address decoder with 750 ns negative pulses. The address
decoder outputs are derived from these pulses in order to access RAM, ROM, keyboard,
display, and the three remote interfaces. Note that the pulse width of the RAM chip
seTect lines is 500 ns, as compared to 750 ns for the other devices. This is due to
the fact that the RAM CS signals are gated by the E clock {via gates of U58, U44) to
prevent erroneous memory WRITE cycles following the falling edge of E.

There is buffering on all the microprocessor signals, allowing them to drive
all the devices on the bottom board, as well as to the message and trigger RAMs (and
other devices} on the top board. Data lines DO through D7 are buffered by trans-
ceiver U56, with READ/WRITE providing the direction control to U56. Address lines
AQ ~ Al5 are buffered by drivers U53 and U54. Clock and control signals Q, E, R/W,
and RESET are buffered by driver U57.

There are three interrupt pins on U55: NMI (Pin 2), IRQ (Pin 3} and FIRQ
(Pin 4}. Non-maskable interrupt NMI is not used. Interrupt request IRQ may be
asserted Tow by either a request from the 8-bit tri-state parallel 1/0 port (U26-4),
the IEEE-488 interface (U2-40), or the timer (U29-9 on the top board) that is ysed
to time frame time and transmitter time-out intervals. Fast interrupt request FIRQ
may be driven Tow by either the keyboard interface circuitry (U26-2) or the RS-232
interface {U15-7). When any of these interrupts occurs, the microprocessor program
js diverted to one of its interrupt service routines, where it determines the source
of the dinterrupt, clears the appropriate interrupt reaquest 1line, and takes
appropriate action, as required.
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3.4  INTERFACE CIRCUITS

3.4.1 KEYBOARD INTERFACE
{(Reference Block Diagram Figure 3-3 and Timing Diagram Figure 3-4)

As shown in the block diagram, the keyboards and a portion of their interface
circuitry are located on the display board. The remainder of the interface cir-
cuitry is located on the bottom board.

The manual interface to the Exerciser is comprised of keyboards KBl and KB2,
as well as RUN and HALT switches S3 and S4. The closure of any of the 24 individual
keys results in the assertion of an active low on one of the individual output 1ines
from KB1 and KBZ2. The combined logic of priority encoders Ul, U2, and U3 and AND
gates Ub and U6 presents a unique b-bit code at U4-14, 17, 18, 8, 13 for each of the
23 keys {(the CNTL key is not decoded). A logic low at pins 3, 4 or 7 of U4
indicates a closure of the RUN (S3), HALT (S4), or CNTL (KB1-1Q) keys, respectively
(display board).

When any keyboard switch other than CNTL (without another key) is pressed, the
KEY DEPRESSED output (U13-15) of the cascaded priority encoders is asserted high,
forcing U39-11 high. When either RUN pushbutton (S3) or HALT push button {S4) is
pressed, U44-8 and U39-11 will go high.

At this time, the keyboard de-bounce/data input timing sequence proceeds as
follows (refer to Figure 3-4):

1} The first rising edge {there are generally multiple edges due to switch
closure bounce) from U44-8 is gated and delayed by U39-11, C61, and U45-
11 to U47-9 and U47-2, The incidence of the rising edge at U47-2 results
in a 250 ms (approximate) positive pulse at single-shat output U47-13
(bottom board).

2) This 250 ms pulse clears flip-flop U43-9, B, dropping the interrupt line
FIRG (U26-2) low and asserting KEYBOARD STATUS (U43-8) high.

3) Note that as a result of the first falling edge of UY13-15 (due to key
bounce), there is a 370 ms {approximate) negative pulse initiated at U47-
12, By means of U45-12, 13, 11, this precludes any additional positive
pulses at U47-13.
1t may be noted that the rising edge of the KEYBOARD LATCH signal (U47-
13) is routed to block pin 11 of latch U44 on the display board. This
edge, which occurs about 100 ns after the first rising edge of KEY
DEPRESSED, due to the action of C6l, latches the encoded data,
identifying the depressed key{s). The 100 ns compensates for delays
through the encoding circuitry, insuring sufficient setup time for U4.

4) In response to the interrupt, the microprocessor performs a polling
sequence 1in its FIRQ service routine to determine the cause of the
interrupt. To determine if the keyboard is the cause of the interrupt,
it reads the KEYBOARD STATUS Tline by strobing U20-1, 19 with a 750 ns
negative puise. A high for KEYBOARD STATUS will then appear on the D7
data line,

5) The processor reads the data from keyboard latch U4 (display board} by
routing a 750 ns KEYBOARD CS puise to Ud4-1 {display board) and U43-4
(bottom board). This pulse has the effect of presetting flip-flop U43,
disasserting FIRQG (U26-2)} high, and dropping KEYBOARD STATUS (U20-17)
low.
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6) Single shot output U47-13 drops after 250 ms,

7)  When the key is released, the falling edges of KEY DEPRESSED (U3-15)
cause retriggerable one-shot U47-12 to remain Tow for approximately 370
ms after the last release bounce. By means of AND gate U45-11, this
eliminates the possibility of undesired additional pulses at U47-13 after
key release.

8) After about 370 ms, U47-12 returns to high, enabling the de-bounce data
input circuitry to respond to the next key closure,

3.4.2 DISPLAY CIRCUITS
(Reference Block Diagram Figure 3-5 and Timing Diagram Figure 3-6)

The Exerciser front panel display is comprised of ten {10) 7-segment LED dis-
nlays DS1 through DS10, and individual indicator LEDs DS11 through DS22 (display
board). DS1 through DS15, and DS22 are driven by segment drivers U9, U10, and U1l
under microprocessor control by means of PIA U40 (bottom board). LEDs DS17 (ON-
LINE) and DS21 {XMITR/0UT) are also under microprocessor control, via PIA Ul6 and
buffer U29 (bottom board) and NOR drivers U7 and U8 (display board). During normal
Exerciser operation, veal time LEDs DS18 (LINE ACTIVE), DS19 (BUS FAULT), and DS20
(REPLY T/0UT) are controlled by the proprietary portion of the top board circuitry.
These three indicators may also be lamp tested under microprocessor control (via PIA
U40-19 and U27-2, bottom board) by means of NOR drivers U7 and U8.

Display segnent drivers U9, UlD, and U1l may be configured to illuminate any
possible canhination of segnents, thus providing for full numeric and partial alpha
capability for the 10-character display comprised of DS1 through DS10.

Display data is communicated from PIA U40 (bottom board) to drivers U9, UL0,
U1l {display board) by means of the timing segquence illustrated in Figure 3-6. The
data is transmitted from PIA U40-9 in serial NRZ format to U9-22, U10-22, (11-22.
The data is shifted into the input registers in the individual drivers on the rising
edge of the respective DISPLAY CLOCK (U40-17, etc.) when the DATA ENABLE signal
(U40-13, etc.) to the respective driver is held low. The timing sedquence is as
follows:

1)  The first clock pulse (labeled 1 on the timing diagram) after the re-
spective DISPLAY ENABLE goes low does not contain any display data, but
r‘ather1 is used to initialize the driver circuitry. It is always a
logic L. o

2) The next thirty-four (34} data pulses, 2 through 35, contain the actual
display data. On the rising edge of the thirty-fifth pulse, the driver
input shift register becomes full. At this time, the driver will update
its output circuitry, causing the respective displays to change. The mi-
croprocessor will then proceed to provide fresh data to the next driver.
Potentiometers R1, R2, and R3 are used to adjust the display intensity.
They are factory-adjusted to provide a 13.3 ma drive current for each of
the segnents of DS1 through DS10. This correspands to a voltage drop of
2.0V across TPl to TP2 (RAl18-8 to 7); TP3 to TP4 (RA21-8 to 7); and TP5
to TP6 {RA23-7 to 8).
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3.4.3 PARALLEL INTERFACE CIRCUITRY
(Reference Block Diagram 3-7 and Timing Diagram 3-8 and 3-9)

A1l of the circuitry for the parallel interface s located on the bottom

hoard.

The parallel interface circuitry performs three functions:

Allows a host computer to write 8-bit ASCII and binary commands and data
to the Exerciser.

Allows the host computer to vread ASCIT and binary data fram the
Exerciser,

Provides a service request output to alert the host of a change in
instrument status {error, sequence complete, etc. ).

The interface is comprised of bus transceivers U5 and UlZ2; input Tatch uiz;
output PIA U18; open collector buffer U26; address decoder U43; tri-state buffer
U28:; flip-flops U36, U38, U25, U36; and various gates of U27, U37, U39, 49, uas,

and U46.

Operation of the 8-bit tri-state parallel interface is best explained by the
following descriptions of the READ and WRITE timing sequences.

The READ sequence takes place as follows: (Refer to Figure 3-7.)

1)

3)

To read a character from the Exerciser B-hit tri-state parallel port, the
controlling device must assert the READ line Tow (J2-9, U27-11). This
results in the PARALLEL I/0 line {U38-6 to tri-state buffer U28-2) and
READ line (U27-10 to U28-4) going high. At the same time, interrupt Tine
1RO (U26-4) will assert low as a result of flip-flop U3B-5 being cleared
by the rising edge from U39-3, gated via 149-1, 2, 3. In addition, the
rising edge of READ (U27-10) has the_effect of setting flip-fiop output
83?-8, clearing (bringing high) the SERVICE REQUEST output (U26-8, J2~
2).

As a result of the IRQ, the microprocessor polls the status of the
parallel 1/0 port by routing a 750 ns negative chip select pulse from
143-12 to U28-1, 19. After the processor verifies three of the status
hit positions, it proceeds with the parallel READ transfer. The three
conditions are:

(i) Parallel 1/0 bit (U28-2,..D7) high
(ii) _Parallel 1/0 read bit {U28-6,..05) high
{(ii1) 8-bit tri-state parallel 1/0 port active ($8-1, U28-17...D0) low

The microprocessor writes the output data to PIA Ul6 by means of a chip
select strobe from U43-10 to U16-23.

The PIA internal strobe to write data to the channel A data register is
reconstructed by various gates of U49, U46, U37, U27 to derive PIA-A-
WRITE U27-12. This pulse sets flip-flop output U36-5 DRIVER ENABLE,
enabling transceivers U5 and UI2 to drive the external parallel bus
70 ~ T7.

The rising edge at the end of the PIA-A-WRITE pulse clears flip-flop
output U36-9 and sets output U36-8, This edge is synchronous with the
falling edge of the E clock. '

The output data on T0 ~ T7 becomes valid 1.04 us {maximum} after the
rising edge of PIA-A-WRITE.
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7} The next falling edge of E after PIA-A-WRITE has the effect of clearing
flip-flop output U25-9. Capacitor C60 provides a 200 ns (approximate)
delay to insure TO ~ T7 is settled before open-collector handshake out-
puts TACK (J2-11, U26-6) and RACK (J2-14, U23-12) are asserted low. The
handshake outputs finform the host computer that the output data on
TO ~ T7 is valid. The unbuffered TACK signal (U45-6) also has the effect

~of presetting flip-flop U38-5, 6, clearing IRQ high and PARALLEL I/0 low.

8) The READ sequence terminates when the host device dis-asserts the READ
line by bringing it high. This has the following effects:

(i} READ is brought low. _

(ii) DRIVER ENABLE is brought low, disabling the transmitters in U5 and
Y12, putting the TO~T7 bus in its high impedance state,

(iii) Flip-flop outputs U36-9 and U25-9 are set, negating (bringing high)
handshake outputs TACK and RACK.

The WRITE sequence takes place as follows (refer to Figure 3-9):

1} The host device initiates the WRITE sequence by presenting valid paﬁa11e1
input data on TO~T7. '

2) After providing a minimun set-up time of 40 ns for TO~ T7, the_host
causes the inpyt data to be latched into buffer Ul7 by asserting WRITE
Tow. Asserting WRITE also has the effect of bringing PARALLEL I/0 (U38-6)
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and WRITE {U27-8) high and asserting IRQ (U26-4) Tow {via U49-3)} by
clearing flip-flop U38-5.

3) The .microprocessor determines the status of the parallel interface by
strobing U28-1, 19 1low. In order to proceed with the data input
sequence, the processor must verify:

i) Parallel 1/0 (U28-2...D7) is high
ii) Parallel 1/0 write (U28-4,..D6) is high
{(iii) 8-bit tri-state parallel 1/0 active (S8-1, U28-17...D0) is low.

4) The microprocessor veads the input data by routing a 750 ns chip select
pulse to U17-1. The rising edge of this_pulse clears flip-flop U48-5,
— caus ing open-collector handshake outputs TACK and WACK {J2-15, U26-10) to
o assert low. This informs the host that the Exerciser has accepted the
input character. At this time, the signal from U45-6 presets flip-flop
U38-5, 6, clearing IRQ high and PARALLEL I/0 low. -
5) The Write sequence terminates when the user brings WRITE high. This
brings WRITE low and clears WACK and TACK by presetting flip-flop U48-5
to bring them high.

The SERVICE REQUEST Output (J2-12, U26-8) is asserted Tow by clearing flip-
f1op output U28 with a software-derived pulse from PIA U40-39 to U38-10 following a
change in instrument status ({Error, Sequence Complete, etc.).  SERVICE REQUEST
becomes negated (high) when a character is read from the port by setting flip-flop
output U38-8 by the rising edge of READ (U37-11 to U38-11).

3.4.4 1EEE-488 (GPIB) INTERFACE CIRCUITRY
(Bottom Board: Reference Block Diagram Figure 3-10})

The TEEE-488 {GPIB) interface consists of four bus transceivers Ul, U3, U3,

Ul0; general purpose interface adapter (GPIA) U2; tri-state buffer Ud; address

switch S9; and half of hex inverter U27. Transceiver Ul, U3, U9, and U10 serve as

o the interface between the IFEE-488 (GPIB) parallel bus and the bus protocol control-

o ler U2. Transceivers U10 and U3 are used for bus management and handshake signals;

U9 and Ul accommodate the eight data lines. Logic levels applied to the four

. transmit/receive inputs of each quad transceiver from controller UZ determine the

: direction of data flow for each associated bus Tine. The T/R bit for SRQ (Service

- Request) is hardwired high (always transmit), while those for REN (Remote Enable),

IFC (Interface Clear) and ATN (Attention) are hardwired low (always receive). The

T/R lines for the remaining control and handshake signals EOI {End or ldentify), DAC

(Not Data Accepted), RFD {Not Ready For Data) and DAV (Data Available), as well as

the eight bidirectional data lines D through D108, are controlled by U2, The bus
transceiver outputs meet all requirements of IEEE STD 488-1978.

Under the direction of microprocessor US55, interface controller U2 mediates
the transfer of data between the microprocessor data bus DO ~ D7 and the GPIB.
Controller U2 contains all necessary logic to decode messages from the IEEE-488 bus,
! control the GPIB and handshaking sequences, and supervise data transfer to and from

the internal data bus. It should be noted, that although the GPIB signals follow
negative logic convention, positive logic is used within the -488 interface. The
GPIA controller is equipped with internal registers which are selected by register
setect lines RSO, RS1, and RS2, and chip select CS (from pin 6 of address decoder
U41)., The registers accommodate functions such as address, data-in, data-out,
interrupt status, etc.
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The transfer of data between GPIA U2 and microprocessor US55 is directed by
chip select IEFE-488 (from U41-6), address lines AO, Al, and A2, and control tlines
RES, E, and R/W. The GPIA alerts the processor of various conditions (input
register full, output register empty, etc.) by means of interrupt line IRQ to U55-3.

The 5-bit GPIR address is user-selectable via rear panel switch S9.  The
setting of S9 is transferred to an internal register in U2 by the microprocessor at
power turn-on over the DO ~ D4 data bus lines when the ASE output 1ine (address
Switch enable U2-4 to U4-1, 19) is asserted low.

The detailed operation of the GPIB is specified in IEEE STD 488-1978. The
standard defines a negative logic format as follows:

Logic O = False = High (2.0V)

1

Logic 1 = True = Low (0.8V)

A summary of the GPIB signals is as follows:

EOT (End or Identify): True Tevel on this bus management control Tine
indicates end of a multiple byte transfer. When used with ATN, performs parallel
poiling sequence.

SRQ (Service Request): Device sets this output Tine true when it requires
service from the interface controller.

REN (Remote Enable): This controller-driven Tine is used with other messages
to select source of device programming data (i.e,, front panel or GPIB control).

IFC (Interface Clear): This controller driven Tine is set true to put all
hus-controlled interfaces in their idle states.

ATN (Attention): This control line specifies how data on the_data lines are
to be interpreted and what devices must respond to the _data. When ATN is true, the
D101 ~ D108 lines carry addresses or commands. When ATN is false, the data Tines
carry data.

NDAC (Not Data Accepted): When set false by a device, this handshake line
indicates that the device is ready to accept data.

NRFD {(Not Ready For Data): When set false by a device, this handshake Tine
indicates that the device is ready to accept data.

DAV (Data Available): When set true, this handshake line indicates that valid
data has been presented on data lines D101 ~ D108,

D101 (LSB) ~ D108 (LSB) (Data Input-Output): These lines carry data in bit-

parallel, byte-serial form. Information of these lines represents either address/
commands or data, depending on the Togic state of the attention Tine.
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3.4.5 RS-232 INTERFACE CIRCUITRY
(Bottom Board: Reference Block Diagram Figure 3-11})

The Exerciser RS-232 interface fis comprised of ACIA U15 {asynchronous com-
munication interface adapter); driver U6; receiver Ull; baud rate generator Ul4;
escillator U13; and half of J-K flip-flop UZ5.

The oscillator circuit, consisting of crystal Y1 and oscillator Ul3, outputs a
1.8432 Miz square wave from U13-8 to U25-1. J-K flip-flop U256 divides this fre-
quency by two, outputting a 921,6 kHz square wave from U25-5 to Ul4-5. Baud rate
generator U4 s a variable frequency divider. By configuring the baud rate select
inputs by means of the appropriate jumper wires between E-19-E20...F25-E26 {refer to
paragraph 2.11,2.3), the baud rate generator will output a square wave at a freguen-
cy of sixteen times the selected baud rate to U15-3, 4 (RxCLK, TxCLK). The 4-bit
code for the output frequency is latched into Ul4 by a negative pulse from 1J16-39 to
U14-13 following power turn-on. For example, if the desired baud rate is 9600 (fac-
tory setting, all jumpers open), the output at Ul4-3 will be 16 x 9600 = 153,86 KHz.

Driver UB serves as a buffer between ACIA Ul5 and the RS-232 serial bus. It
inverts and Jlevel-shifts the serial digital data to TxD {Transmit Data) and levels
to RTS (Request To Send) to the appropriate voltage, impedance, and rise/fall times
required to drive the RS-232 I/0 lines. The * 15V power inputs to U6 are derived
fran the instrument's + 15V lines by means of resistors R4 and R5 and zener diodes
CR? and CR3. Receiver U11 downshifts the serial data from RxD (Receive Data) and
levels from DCD (Data Carrier Detect) and CTS (Clear To Send) to 5V Togic inputs to
ACIA U15.

ACIA Ul5 contains four internal 8-bit registers. The four registers are data
output, data input, control (write only), and status (read only}. Data transfers
between the various registers and microprocessor U55 take place over data bus lines
D0 D7, under the control of chip select RS-232 (from U41-5), address lines A0 (RS,
register select), R/W and E. The ACIA informs the microprocessor of a change in
status, such as input register full, output register empty, or error condition, by
asserting interrupt line FIRQ Tow (U15-7 to U55-4).

The primary function of ACIA Ul5 is to convert 8-bit parallel ASCII data
characters from microprocessor U55 to 10-bit NRZ serial data at TxD {U15-6 to U6-2),
and to convert 10-bit serial TTL data (RxD, Ul1-3 to U15-2) to 8-bit parallel ASCII
characters to be transferred to the microprocessor. The baud rate (bit data rate)
of the serial data will be one sixteenth of the frequency of the TxD anrd RxD clock
input frequency (U14-3 to U15-3, 4). A secondary function of the ACIA is to control
handshake lines RTS, DCD, and CTS. RIS 1is asserted low prior to the start of
transmission. When CTS 1is asserted high by the receiving device, the ACIA will
initiate its transmission. When the RS-232 1/0 is comnected to a modem, DCD
indicates the presence of received carrier. It may be noted that DCD and CTS are
pulied high by means of resistors R7 and R6. This enables the RS-232 1/0 to be
operated as a three-wire interface consisting of TxD (J3-2), RxD (J3-3), and Signal
Ground (J3-7). This is the normal configuration used for connecting to CRT
terminals.

It may also be noted that the Exerciser's RS-232 port is configured to echo
back all received characters. In addition to serving as a handshake mechanism,’ the
echn feature faciTitates troubleshooting of the RS-232 circuitry.
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3.5 1553 FRONT END CIRCUITRY
(Top Board: Reference Block Diagram Figure 3-12 and Timing Diagram Figure 4-1)

The 1553 front end circuitry is comprised of 1556 error-generating encoder U50
and encoder buffer latches U39, 60, U38, and U62; 1555 decoder US9 and decoder
buffer latches U46, U67, 044, and U65; multiplexer U27; transceiver UZ28; pulse
transformers Tl and T2; and potentiometer R1 and switch S5 on the front panel.

Words to be transmitted by the Exerciser are transferred from the message RAM
in two 16-bit words over the internal memory data bus MDO ~ MQB15. A negative pulse
on T-LOAD-L transfers the 16-bit message word data to buffer latches U39 and UB0.
This is followed by a negative pulse on E-LOAD-L, which transfers sync type and
error control information to buffers U38 and U62.

The encoder transmission will begin approximately 2.5-3.0 us after ENCODE
ENABLE is brought high, On the falling edge of the 750 ns T-LOAD pulse, data from
the buffers is Tlatched into the encoder, initiating the transmission of the first
word. The 1556 error-generating encoder converts 16-bit parallel data (plus error
and control inputs) to bi-phase TTL Manchester II encoded serial data. The serial
data will either be valid or will include induced encoding errors, depending on the
programming of the various error lines (refer to paragraph 2,9.1.7).

The bi-phase serial outputs TxD are routed to the input of 8559 transceiver
ues. Part of U28 is comprised of a 1553 transmitter whose output amplitude is
determined by the setting of four-turn potentiometer R1 on the front panel. This
level, between 0 and 15 VDC, is amplified by power amplifier U20 to provide the VCC
supply voltage to the transmitter output stage.

The transmitter in U28 contains waveshaping and power amplifier circuitry to
drive the 1553 to the reguired voltage amplitude. By means of front panel switch
$5, the user may direct the bus output to either channel A (CH. A front panel,
connector J12 on rear panel) or channel B {CH. B front panel, connector J13 on rear
panel). The bus signal is coupled by means of either pulse transformers Tl or TZ2.
The two transformers provide the appropriate voltages and impedances for either
direct coupling (front panel} or transformer coupling (rear panel). The other
portion of transceiver U28 contains the necessary filtering, comparison, and Tevel-
shifting circuitry to convert the voltage levels from the 1553 to bi-phase TTL
Manchester II serial data. For normal Exerciser operation, this serial data is
routed to the input of 1553 decoder U59 by means of multiplexer U27. For self-test
mode, the TEST Tine from P6-A36 is set high, inhibiting the transmitter in U28 and
routing the encoder output to the decoder input via U27.

The 1555 error-detecting decoder converts the bi-phase TTL Manchester II
serial data to a 1l6-bit parallel output. Additional output lines indicate sync
type, error conditions, and bus activity.

At the end of each received word, the decoder outputs a positive 125 ns LOAD
PULSE. The rising edge of this pulse Tatches the decoder parallel data and error
inputs into buffers U46, U67, U44, and UU65. The contents of these buffers are then
transferred over the memory data bus MDO ~ MD15 to message RAM as two 16-bit words.
The first word, containing 16-bit message word data, is enabled from the outputs of
latches U46 and U67 by a negative pulse on R-ENABLE-L, The second word, containing
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sync type and error information, is enabled from latches U44 and U65 by a negative
pulse on E-READ-L.

Paragraph 4.4 contains a timing diagram and detailed discussion illustrating
the 1553 front end timing sequence. :

3.6 POWER SUPPLY CIRCUITS
{(Bottom Board: Reference Figure 3-13)

The Exerciser DC power supply is comprised of two sections:

(i} A +5Y Supply
(i) A +15Y Supply

AC power is provided to the Exerciser via J1 POWER comnector on the rear
panel. Power is fused by F1 (rear panel) and switched by front panel POWER switch
(s1). Rear panel VOLTAGE SELECT switch (S2) selects between parallel and series
connections to the primaries of power transformers T1 through T4 for 115V and 230V
operation, respectively.

3.6.1 +5V POWER SUPPLY

The secondaries of transformers T2, T3, and T4 are comnected in series,
resulting in approximatety 19 VAC from T2-5, 7 to 73-6, 8 under normal instrument
loading of the +5 VDC supply. This voltage is full wave rectified and filtered to
approximately +24 VDC by the combination of rectifiers CRAl, CRA2, resistor R1Z2, and
capacitors C80 and C67. The +24Y unregulated voltage is used to energize the power
anplifier on the top board.

The +24V s regulated down to +18Y by the circuit of R23, CR7, and Q2,
providing the VCC to switching regulator U18. The output of U18 {pin 10) performs
voltage regulation by pulse-width modulating (duty cycle modulation), the base drive
to Darlington power transistor Ql. The waveform on the collector (case) of Q1 will
normally be a rectangular pulse train with an amplitude of approximately 24V and
positive duty cycle of about 20 to 40 percent. The output current pulses pass

through toroidal current transformer CT1l. The secondary voltage of CT1l is attenu- ..

ated by current-1imit potentiometer R31, providing current feedback {AC rectified by
CR6) to U18-8, ,

The pulsating voltage is then filtered by the combination of inductor L1 and
capacitor C49 to provide the low-ripple, requlated 5 VDC output.

Shottky diode CR1 allows the current to continue flowing through L1 during the
off portion of the 01 duty cycle. :

Overvoltage protector VYS1 clamps the output voltage to +6.3V in case of a
regulator malfunction.

The network of resistors R34 and R36 and potentiometer R33 provides adjustment
capability and voltage feedback to switching regulator U18-6.

Resistor R22 provides a path to ground for the pulsating switched current from
Q1.
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The network of R17, R18, €24, and C26 provides frequency compensation to the
switching regulator.

3.6.2 +15V POWER SUPPLY

The secondary of power transformer Tl delivers approximately 30 VAC fraom T1-5
to T1-8, This voltage is rectified and filtered by rectifier CRA3 and capacitors
€32 and 50 to approximately +21V and -21V at TP9 and TP18, respectively.

The +15V requiated DC output is derived from the +21V 1line by means of series
requlator U7. Likewise, the -15V output is derived fram the -21Y 1ine by means of
series regulator U8.
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SECTION 4
MAINTENANCE

4.1 GENERAL

This section contains procedures and data that will help ensure continuity of
service of the instrument. Troubleshooting and calibration procedures are included,
as well as schematic diagrams and parts location diagrams of the equipment., It
should be pointed out that a portion of the top PCB assembly is considered a propri-
etary design by DDC. There are no references to this block of circuitry included in
the troubleshooting discussion. If a failure should occur in this portion of the in-
strument, the unit must be returned to the nearest ILC DATA DEVICE CORPORATION field
of fice for servicing.

4.2 PREVENTIVE MAINTENANCE

At six month intervals {or more frequently, if the instrument is used in a
very dusty environment), clean the exterior of the unit with a soft brush or cloth,
In addition, it may sometimes be necessary to clean the mesh filter that is located
behind the fan in the rear panel. This may be done by removing the filter and run-
ning water through it. No other preventive maintenance is required.

4.3 TROUBLESHOOTING

Table 4-1 provides troubleshooting hints which should prove useful when
troubleshooting in the field is required. Use this data in conjunction with the
schematic diagrams and parts location diagrams to isolate problems. All ICs, as
well as the encoder and decoder modules, and the transceiver hybrid, are socketed to
facilitate replacement. Parts identification data appears in Section 5.

Table 4-1., Troubleshooting Guide

SYMPTOM POSSIBLE CAUSE/CORRECTIVE ACTION

POWER connector/Filter J1,
Fuse F1.

POWER switch (S1).

VOLTAGE SELECT switch (S2).

+5Y Power Supply. Verify +5V & 1V from
J12-6 to J12-2 (or TP26, ground). If this
voltage is 5V t 2V, adjust potentiometer
R33 for +5, + 0.1 VDC. Also, verify that
current limit potentiometer R31 is appro-
priately adjusted (not fully CCW). If

Display is blank.

N W
- L] - L] L]
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there is no voltage or low voltage
(<3 VvDC) at J12-6, verify the unregulated
voltage at J12-3 to be +24 + 5 VDC. At
this point, it should be possible to iso-
late the power supply fault into one of
two groups of components: (bottom board).

(1) Unregulated +24V Supply: T2, T3,
T4, CRA1, CRAZ, R12, C80, C67.

(i1) Regulated +5V Supply: Q2, CR7,

-yls, 0Qi, CT2, L1, C49, vS1, R31,

R33, and associated  passive
components,

PIA U40 (bottom board).

Display drivers U9, ULD, Ull (display
board).

Fan is not taking in air.

Check if fan blade is free to turn.
110/220 voltage select switch S2.

Resistor R53, capacitors €82, €83 (hbottom
board) .

Mesh filter clogged.

Display is random/non-operational.

Verify 4 MHz clock input to microprocessor
1J55 (bottom board). If not present, verify
operation of Tline receiver U50 (bottom
board) . If no input, check for 16 MHz out-
put at U59-13 on top board. If present,
check for 4 MHz clock at pin 4 of counter
1§34, Check for 4 MHz at input pins 10, 12,
and output pins 13 (+} and 11 (-) of line
driver U51 (top board).

If clock is present, verify operation of
microprocessor U155 and associated compo-
nents of the bottom board:

(i) Check 1 MHz clocks E and Q at
us5-34, Ub7-14 and U55-35, and
U57-16, respectively {bottom

board}.

(1) Check for High on RESET input
Us5-37.

(iii} Check READ/WRITE output at U55-8,
Us7-12.

(iv) Check for data lines DO ~ D7 going
high and low and verify operation
of data buffer U56,
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(v) Check for address tines A0 ~ Al5
going high and low and verify op-
eration of address buffers 53,
uha.

{vi} Check for 750 ns negative-going
pulses at address decoder outputs
¥41-1,2...17 and gate outputs
v42-6, 8, 11.

{vii) Check for Read operation of EPROMs
' uz22, U23, U24; RAMs 1)31, U32, U34,
U34; associated address decoder
U43; and gates of U44 and USB. A
fatlure in RAMs U31, U32, U34, 135
will cause the instrument dispiay
to freeze before attempting to ex-
ecute the Blank Display portion of
the power turn-on sequence.

{viii} Check IRQ and FIRQ interrupt sig-
nals at pins 3 and 4 of U55, re-
spectively. If IRD is held Tnw,
check circuitry driving U26-4 in
the parallel 1/0 handshake cir-
cuitry (U38, U39, etc.), U2-40 in
the IEEE-488 interface section and
timer interrupt output U29-9 (top
board). If FIRQ is held low, check
circuitry controlling U26-2 from
keyboard interface (U43, U47, U39,
044, U45 on bottom board) and the
interrupt output pin 7 of ACIA Ul5
in the RS-232 interface (bottom
board}.

Check outputs of U40 (bottom board), pins
9, 11, 12, 13, 1%, 16, 17, providing
pulses to update display.

If display data, clock, and enable ocutputs
from bottom bhoard are present, check for
updating of display driver outputs at U9,
vio, U11 - 2, 3, 4 ... 18, 26, 27, ... 40,
(display board).

Also verify for correct adjustment of po-
tentiometers R1, R2, and R3, These control
the display intensities of DS1, DS2,
psin, nsiil, ... DS16.

R1 should be adjusted for 2 + 0.1 ¥YDC
across TP2(+) to TP1{-). Likewise, R2
should be adjusted for 2 + 0.1 VNC across
TP4(+) to TP3{-}, while R3 should be
adjusted for 2 + 0,1 VDT across TP6(+) to
TP5(-}).
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Some displays are faulty.

Check for segment currents (approximately
13.3 ma per segment) at 7-segment displays
NSt  through NSI0 and individual LEDs
NS11 through DS18 and DS22. During Lamp
Test {or at varifous times during Exerciser
operation), the individual LEDs DS17,
DS18 ... NS21 will be driven by approxi-
mately 10 ma of current.

Fault idisclate between driving circuitry
and display LEDs.

If the Real Time LEDs DS17 (ON-LINE), NS18
(LINE ACTIVE)}, DS19 (BUS FAULT), NS20
(REPLY T/0UT) and 0DS21 (XMTR T/0UT) fail
to illuminate during lamp fest following
power turn-on and during operation,
troubleshoot to various individual OR
gates of U7, UB (display board).

There are failures of internal
self-test.

If the Exerciser fails any portion of its
internal self-test following power turn-
on, the word FAIL will be displayed in the
16-BIT DATA display field and a two-digit
HEX failure mode code will be displayed in
the ERROR display field.

The indicated hex failure code will be the
sum of the bit codes for the individual
fault conditions as follows:

01, 02: EPROM Checksum Fault

04: Message RAM Fault

N8: RT Trigger RAM Fault

10: Encoder/Decoder Wraparound Test Fault

Troubleshonting for the individual fault
modes should proceed as follows:

(i} EPROM Checksum Fault (01, 02, 03):
for this condition, the error code
will indicate either 1, 2, or 3,
The number indicates the actual
number of individual EPROM devices
that failed their checksum verifi-
cation tests. The EPROMs are ICs
U2z, U23, and U24 on the bottom
board. The individual programmed
devices are designated by their
noC 12-digit  part numbers  as
follows:

U22: 4663-1002-0042
Uz23: 466A3-1002-0022
J24: 4663-1002-0032
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(i1)

(iii)

(iv)

If the checksum~fault still per-

-sists after replacing all three

EPROMs, the problem must be
isolated from among the address

“decoding circuitry Y4l and U042,

address buffers UB3 and U54, and

- data buffer U56.

Message RAM Fault {04): The most
probable cause of this failure
will be a fault of RAM I{s U52,

~Ub3, Ub4, and US5 on the top

board. Otherwise, the problem must
be isolated from among data buf-
fers U45 and U66, address buffers
U6 and U221, and address decoding
PAL US7 along with AND gate UG8
(top board).

Trigger RAM Fault (08): The pri-
mary cause of this failure will be
a fault 1in RAM U49 on the top
board. A secondary cause of this
failure may arise from data buffer

- U30, address buffer U48, address

decoding PAL 122, TYatch U47, in-
verter U3, and PAL Ul, all on the
top board.

1553 Encoder/Decoder Wraparound
Self-Test Failure (10): A failure
of this test indicates there is a
probable fault in the 1553 front
end circuitry. The principal com-
ponents in this section of the top

. board are encoder U50 {1556) and

decoder U59 (1555}. Other compo-
nents that could cause a failure
of this test are encoder huffers
u3g, U59, U60, UbZ; decoder buf-
fers U44, U446, Ues, U67; multi-
plexer U27; latch Ull; and OR gate
Ul2. In addition, the failure may
also arise from a fault in se-
quencer Ub; PALs Ul, U2; and
latches U37, U440 or counters U36,
U3, UB4, Applicable to the fail-
ure of this test, there is a diag-
nostic software routine that may
be used. The use of this diagnos-
tic feature is discussed in
paragraph 4.4,
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There is no response to kayboard
antry.

Check for negative going FIRQ pulses from
U26-2 following the closure of any key
(except CNTL). If pulses are present, then
troubleshoot as follows:

(1)

(i)

(111}

(iv)

{v)

Check for negative-going select
pulses at U20-1, 19, and a high
level at U20-17. This circuit in-
forms the microprocessor that the
keyboard is the cause of the in-

“terrupt (bottom board).

If the CHIP-SELECT pulses are ab-
sent from U20, troubleshoot the
address decoding path from U41-4
to U43-15 to U43-9 to U20-1, 19,

If the CHIP-SELECT pulses are
present at 120, verify that the
microprocessor is reading a high
level on the D7 1line (bottom
hoard) .

If the microprocessor is reading a
high level from U20-3, verify a
250 ms (approximately) positive
pulse from U47-13 (bottom board)
to U4-11 (display board). If this
pulse is not present at U4-11,
trounleshoot to one-shot U47-13
(bottom board) and connectors P5
(bottom board) and J15 (display
board). If the pulse is present,
verify for 750 ns negative-going
CHIP-SELECT pulses at U4-1
(display board). If this pulse is
absent, troubleshoot address de-
coding path from U4l-3 and U54-9
to OR gate U31-6 and P5 (bottom
board), via J15 (display board}.

If the LATCH and CHIP SELECT
pulses are present at U4-11 and
U4-1, respectively, the problem
must be troubleshot from among
keyboards KBl -and KB2; RUN and
HALT switches S3 and S4; priority
encoders Ul, U2, and U3; AND gates
U5 and U6; and latch U4 (display
hoard}. In conjunction with pull-
up resistor arrays RAl, RA2, and
RA3, the individual pushbuttons
pull the respective lines low
going into U1, Y2, and U3. Pres-
sing any of the 23 keys (excluding
CNTL) produces a unigue 5-bit code
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at pins 14, 17, 18, 8, and 13 of
U4, The signals at U4-8, 13 iden-
tify which priority encoder (U1,
U2, U3) has the active input,
while the levels at U4-14, 17, 18
provide a negative-true represen-
tation indicating which input line
is pulled low (0~7) to the
designated encoder, The input
signals at pins Y4-3, 4, and 7 are
pulled low when the RUN, HALT, and
CNTRL buttons, respectively, are
pressed,

The signals present on the micro-
processor data bus DO ~ D7 during
the CHIP-SELECT {U4-1) should cor~
respond to the cobde presented to
U4-3, 4...13 at the rising edge of
the pulse at U4-11.

2. If a negative-going signal is not present
at u26-2 (FIRQ) following a key closure,
troubleshoot as follows:

{1) Verify a positive level at U39-11
' (bottom board) when a key is
pressed. If this Tlevel 1is not
present, troubleshoot from U3-15
(display board} to 39-12 (bottom
board), or from $3, S4 {display
board) to U44-10, 9, 8 (bottom
board), if RUN or HALT is pressed.
(i) If a high level is. present at
U39-11, verify for a 250 ms posi-
tive pulse at U47-13 when a key is
pressed and a 370 ms negative
pulse at U47-12 when either a key
is released or a key bounces after
a closure, Verify that U43-9 goes
low with U43-8 going high fol-
lowing each key closure.
There is no output on 1553 1. Verify a variable DC voitage at pin 6 of
(either Channel A or B)., transceiver U28 (top board). This voltage
should vary smoothly from O to 15 VDC as
the front panel potentiometer is rotated
clockwise.
2. If the voltage is correct at U28-6, verify

for positive pulses at TC DATA {U28-1, 15}
and TC DATA {U28-2, 16}. If these are pre-
sent, troubleshoot from among front panel
CHANNEL SELECT switch S5 and pulse trans-
formers Tl and T2; isolation resistors Rl,
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R2, R3, R4 (top board); connectors J9, J10
(front panel) and J12, J13 (rear panel};
and associated cabling.

Check for +15 VNC and -15 VDC at pins 13
and 19 of U28, respectively. If not pre-
sent, troubleshoot +15 VNC Power Supply on
the bottom board as follows:

(i) Verify 15 + 5 VAC at T1-5 and T1-8.
(i) - Verify +21 + 4 VnC at TP-9 and

-21 £+ 4 VvDC at TP-18.

{iii) Isolate fault from among T1, CRA3,
£32, and C50 and voltage regula-
tors U7 and U8,

Verify bi-phase TTL Manchester Il encoded
serial data at pins 22 (TxD) and 23 (TxD)
of transcejver U28.

If TTL Manchester 11 encoded serial data
is not present at TxD and TxD, verify for
logic 1 pulses at pin 7 (ENCONER ENARLE)
of encoder module 150. If ENCODER ENABLEL
is high, the 2 MHz clock is present af
Usn-26, and the encoder module is not out-
putting TTL Manchester Il serial data, en-
coder module URD is faulty.

1f the 2 MHz clock signal is not present

at Usn-26, the fault lies in counter 34,

If the Exerciser fails to go ON-LINE tfo
the 1553 after pressing RUN, verify for
the correct levels, depending on operating
mode, at U29-7, 9, 12, 16, 18 on the
bottom board. If these are not present,
troubleshoot between PIA U16 and buffer
u29.

If there are no positive pulses at ENCODER
ENABLE (U50-7) and no negative pulses at
ENABLE-L (U4-1)}, the fault 1lies in the
proprietary section of the top board, In
this case, the unit must be returned to
the nearest DPC field representative for

servicing.

There is no sync output at Jil
{front panel), Ji13 {rear panel}).

Check for positive pulses at U19-3 {top
board). If present, the fault lies in
connectors J11, J13, or interconnection
cabling.,

Verify BCA signal at Ul19-2. If not pre-
sent, the fault is in the proprietary.por-
tion of the top board and the unit must be
returned to NDC for servicing.
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There are 1553 message formatting,
timing, or protocol errors.

1.

A large number or problems are symptomatic

.of faults in the proprietary (1553} por-

tion of the top PCB assembly. A partial
Tisting of these symptoms follows:

(1) Incorrect message formatting.

(i) No remote terminal response.

(iii}) Incorrect transmitted word count.

(iv) Response, intermessage gap and/or
frame times not agreeing with pro-
- grammed values.

{v) Intermittent transmission.
(vi) Incorrect data transmitted.

“(vii) Failure to correctly store re-

ceived data.

Failure to detect errors in re-
ceived portions of messages.

(viii)

~ If the unit displays any of these failure

modes, it must be returned to the nearest
DDC field office for servicing.

Paraliel interface is not
accepting WRITE data.

Verify low pulse at U26-4 (IRQ) following

WRITE (J2-10) being asserted lTow. If not

present, troubleshoot signal path fraom

33—10 to U26-4 via U27-8, U39-3, U38-5,
9-3.

If IRQ is pulling low, verify for a 750 ns
negative-going pulse at U28-1, 19. If this
pulse 1is absent, troubleshoot address
decoding path from U4l-4 via U43-12 to

. Uz8-1, 19.

If the pulse is presént at U28-1, 19,

_ verify for a logic one at U28-18 (D7) and

U28-16 (D6) and a logic zero at U28-3 (DO)
during this pulse. If these three levels
are not present, troubleshoot from among
buffer )28, switch S8, and resistor R3.

If the data from U28 is being read proper-
ly, verify for 750 ns negative pulses at
pin 1 of 1latch Ul7. If this pulse is not
present, troubleshoot address decoding
path from U4l-4 to U43-11 to U17-1.

If pulses are present at Ul17-1, verify

~ that the data on D7 ~ DO (U17-2, 5,

19) is .identical to the data presented at
T7 ~ 10 (Jd2-1, 2, . 8) at the time of
the falling edge of WRITE. If the data




does not match, fault isolate from among
u12, U5, U17, and RA1.

If the instrument is not providing WACK
and TACK handshake outputs (active Tlow)
following each WRITE cycle, troubleshoot
signal path from address decoder U43-11 to

“latch U48-5, gate U45-6, and open collec-

tor buffers U26-6 and U26-10. In addition,

it should be verified that U37-8 goes high
during a WRITE operation and stays low
otherwise,

Parallel interface is not
outputting READ data.

Verify for a low pulse at U26-4 (IRQ) fol-
lowing READ being asserted low (J2-9). If
not present, troubleshoot signal path from
35512 to U26-4 via U27-8, U39-3, U38-5,

If TRQ is pulling low, verify for a 750 ns
negative-going pulse at U28-1, 19. If this
pulse 1is absent, troubleshoot address
decoding path from U41-4, via U43-12 to
uz28-1, 19,

If the pulse is present at U28-1, 19, ver-
ify for a logic one at U28-18 (D7) and
Uz8-14 (D5) and a logic zero at U28-3 (DO)
during the time of the pulse,

If the data from U28 is being read proper-
ly, verify for a 750 ns negative-going
CHIP-SELECT pulse at U16-23. If this pulse
is absent, troubleshoot address decoding
path from U41-4 to U43-10 to U16-23.

If the pulse is present at Y15-23, verify
that the correct 8-bit ASCII character is
present at Ul6-9, 8...2 {PA7, PA6.,.PAO).

If the correct ASCII byte is present at
uUls-9, 8 ... 2, verify for a high level at
Ul2-15 and Y5-15. If this signal is low,
verify for 500 ns negative pulses for each
WRITE command at U27-12. If this pulse is
absent, troubleshoot address decoding path
from U43-10, U49-11 (also AD, Al to U49-8)
to U46-10, U37-6 to U27-12. If this pulse
is present with Ul2-5 and U5-15 stuck low,
the fault lies in flip-flop U36-5,

If U12-5 and U5-15 are high, with correct
data at U16-9, 8 ... 2, the fault lies in
transceivers Ul2 and/or U5.

4-10



8.

If the Exerciser is not providing RACK and
TACK handshake outputs following an other-
wise correct READ operation, the problem
must be isolated from among U36-8, 9,
U2b-9, U45-6, and open-collector buffers
U26-6 and U26-12. In addition, it should
be verified that U37-11 goes high during a
READ operation, and low otherwise.

“Parallel interface SERVICE
-REQUEST output is not working.

Verify for a 10 us (approximate) nega-
tive pulse at U40-39 following the comple-
tion of a 1553 message sequence by the
Exerciser. If this pulse is absent, the
fault 1lies 1in PIA U440, Otherwise, the
problem must be isolated hetween flip-flop
U38-8 and open-collector buffer U26-8.

If the SERVICE REQUEST 1line fails to go
high following a READ operation, ftrouble-
shoot from among inverter U27-10, flip-
flop U38-8, and buffer U26-8,

RS-232 interface is not
i functioning.

Verify for correct output of baud rate
generator at Ul4-3. The signal at this
node should be a TTL square wave of fre-
quency 16 times the programmed baud rate.
The correct baud rate is determined by the
installation of jumpers at E19-EZ20
E-25-E26, as discussed in paragraph
2.11,2,3.

If the correct frequency square wave is
not present at Ul4-5, fault isolate as
follows:

(i) A 921.6 kHz square wave should ap-
pear at U25-5,

(i) A 1,8432 MHz squarewave should ap-
pear at U13-8.

{i1i) A high logic level should appear
at Ul4-13, from PIA output U16-39,
except for about 10 seconds fol-
lowing power turn-on.

The fault component may now be determined
from among Ul4, U25, Ul13, Ulé, and crystal
Y1,

Verify for +12 VDC at U6-14, If not pre-
sent, troubleshoot R4, CR2, C7.

Verify for -12 ¥YDC at U6-1. If not pre-
sent, troubleshoot R5, CR3, C8.




Verify low levels at U28-12 (D4) and U28-5

{D1) during CHIP-SELECT negative pulses at

H28-1, 19 following receipt of characters
from the RS-232 port. If these are not
present, fault-isolate from among 28,
wires Wi and W7, and switch $8.

If the Exerciser is not accepting RECEIVE
data at. the RS-232 port, troubleshoot be-
tween receiver Ull and ACIA Ul5.

If the Exerciser RS$-232 port is not echo-
ing back received characters or outputting
characters when requested to reply,
troubleshoot between driver U6 and ACIA
u1s.

IEEE-488 interface is not
functioning,

Verify setting of GPIB address switch S9
and for appropriate levels at U4-2, 4, 6,
8, 11. If not present, fault isolate from
among switch S9, resistor array RAl, and
buffer U4,

If the Exerciser is not responding to GPIB
comnands, verify for correct levels of
handshake and data 1lines at transceiver
outputs U10-2, 6 ... Ul-10, 14, Also, ver-
ify for correct levels of handshake and
data lines at U2-25, 23 ... 30, 29.

Verify low levels at U28-9 (D3) and U28-7
{D2) during negative pulses at U28-1, 19.
If not present, fault isolate from among
switch S8, wires Wl and W2, and buffer
ues,

If the Exerciser is not transmitting prop-
erly over the GPIB when requested to TALK,
verify for correct levels of handshaks and
data lines U2-25, 23, ... 30, 29.

A1t problems in the IEEE-488 interface may
be fault isolated from among buffer U4;
GPIA U2; inverter U27; and transceivers
j10, U3, Y9, and Ul.
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4.4 USING EXERCISER INTERNAL DIAGNOSTICS TO TROUBLESHOOT FAILURE OF 1553 FRONT END
WRAPAROUND SELF-TEST

As mentioned in the discussion of fai]uré of the.internal self-test in para-
graph 4.3, the Exerciser has built-in diagnostic software for troubleshooting of the
1553 front end circuitry.

A failure of the 1553 front end wraparound self-test will result in the 10-bit
of the self-test fail code byte being set. The self-test fail byte for the
Exerciser is defined as follows: S :

ERROR CODE
(HEX) FAILURE
490 Encoder/decoder.wraparound test
20 - . RT. Trigger RAM test
- 10 Message RAM test
08 EPROM 4 (U21) Checksum
04 EPROM 3 {(U23) Checksum
02 EPROM 2 (U24) Checksum
01 EPROM 1 (U22) Checksum

The DDC part numbers for the EPROMs are as follows:

121:
U22i
i U23:
24

4663-1002-0090
4663-1002-0060
2663-1002-0080
4663-1002-0070

The wraparound test exercises the 1553 encoder and decoder circuitry as follows:

)

(i

(91

‘Message
Block

)

i)

The serial output (TTL) of encoder U50 is routed, via multiplexer U27,
to the serial input of decoder U59 (top board).

The transmitter in transceiver U28 is inhibited, preventing the
Exerciser from putting any traffic on the bus during self-test,

The self-test message is formatted as follows: .

Word 1 - - Word 2 Word 3
Receive Command Word Test Data Word Test Data Word
0821 : Transmitted Received

The ‘encoder transmits two words: a receive command word, 0821, fol-
Towed by the test word, Some test words are error-free and others con-

~-tain induced encoding errors.

" The decoded version of the test word is stored in position 3 of message

block 1.
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{vi)

compared to the known correct received word.

test words, listed in Table 4-2.

Table 4-2,

Front End Wraparound Test Words

A masked version (see discussion following) of the received word is

Steps (iii), (iv), and (v) are repeated for forty-seven (47) different

KNOWN CORRECT RECEIVED

TRANSMIT TEST WORD WORD
TEST
WORD DATA ERRORS ETC. DATA ERRORS ETC.
NUMBER | (BYTES 1,2) | (BYTES 3,4) | (BYTES 1,2) | (BYTES 3,4) ERROR TYPE

1 0000 0000 0000 80C0 No error-Data sync

2 FFFF 0000 FFFF 80C0 No error-Data sync

3 AAAA 0000 AAAA 80C0O No error-Data sync

4 5555 0000 5555 80C0 No error-Data sync

5 023 4000 0123 8080 No error-Command sync

6 4567 4000 4567 8080 No error-Command sync

7 89AB 4000 89AB 8080 No error-Command sync

8 CDEF 4000 CDEF 8080 No error-Command sync

g 0000 0400 0000 8CCO Manchester error-bit 1
10 0000 4401 0001 8C80 Manchester error-bit 2
11 0000 0402 0002 8CCOo Manchester error-bit 3
12 0000 4403 0004 8Cc80 Manchester error-bit 4
13 0000 0404 0008 8CCO Manchester error-bit 5
14 0000 4405 0010 8C80 Manchester error-bit 6
15 0000 0406 0020 8CCO Manchester error-bit 7
16 0000 4407 0040 8C80 Manchester error-bit 8
17 FFFF 0408 00FF 8CCO Manchester error-bit 9
18 FFFF 4409 OLFF 8480 Manchester error-bit 10
19 FFFF 040A 03FF 8CCo Manchester error-bit 11
20 FFFF 4408B Q7FF 8480 Manchester error-bit 12
21 FFFF p40C OFFF 8CCo Manchester error-bit 13
22 FFFF 440D 1FFF 8480 Manchester error-bit 14
23 FFFF 040E 3FFF 8CCO Manchester error-bit 15
24 FFFF 440F 7FFF 8480 Manchester error-bit 16
25 1235 2000 891A 8CCO Manchester error-parity

bit
26 ABCD 6000. D5E6 8C84 Manchester error-parity
bit

27 0000 4100 0000 8180 High bit count error

28 FFFF 0100 FFFF 81C0 High bit count error

29 AAAA 0200 D555 8ECO Low bit count error

30 5555 4200 AAAA 8E80 Low bit count error

31 0000 0800 0000 88C0 Parity error

32 0001 4800 0001 8880 Parity error’

33 0000 1000 0821 8180 Sync zero-crossing error

~early




Table 4-2. Front End Wraparound Test Words (Cont.)

_ : KNOWN CORRECT RECEIVED
TRANSMIT TEST WORD WORD
TEST ' - '
WORD DATA ERRORS ETC, DATA ERRORS ETC.
NUMBER | (BYTES 1,2) | (BYTES 3,4) | (BYTES 1,2) | (BYTES 3,4) ERROR TYPE
34 FFFF 5000 0000 - 8880 Sync zero-crossing error
' _ : -early
35 - 1234 - 1010 : 0821 8080 Syn¢ zero-crossing error
-late
36 ABCD 5010 0821 8080 Sync zero-crossing error
' ~-late
37 0000 0110 0000 8100 Long word: +2 Bits
33 1 5020 . 0821 8180 Sync error; (S
39 5555 5030 0821 8080 Sync error; CS
40 - AMAA -] - 1020 0821 8080 Sync error; DS
41 | - FFFF . 1030 © 0821 8180 Sync error; DS
42 1234 0140 0089 8ECO Word gap error
43 1234 0441 1234 84C0 Zero-crossing deviation
. : 3 error
44 5678 0452 5678 80C0 Zero-crossing deviation
: o T . S _ error
45 9ABC 0464 SABC 80C0 Zero-crossing deviation
46 ~ DEFO 0478 DEFO 80C0 Zero-crossing deviation
- ' error
47 FFFF 5000 0821 8080 Interword gap error

Table 4-2 lists 47 transmitted and known correct receive words for the wrap-
around test. It should be noted, that for the known correct words, the error (third)
received byte is masked with the byte 8F (hex}, with the exception of test word 24,
which is masked-with the byte 87. That is, the message error and incorrect sync type
bits (40 and 10 bits} are not part of the encoder/decoder function and are not
included in. the compare step and are indicated as zero in Table 4-2 and on the
Exerciser front panel when performing the diagnostic procedure discussed below. For
the received word/sync type (fourth) received bytes, the words are masked by the
byte CO, except for word 26, where the mask byte is 80, For test word 24, the re-
ceived parity error bit (08 of the third byte) is masked to zero since the detected
logic sense of this bit for this test word is don't care. In addition, for test word
26, the:received sync type bit is masked to zero {don't care).

_ The meanings of the velevant bits in the third and fourth bytes for
transmitted and received words are repeated from Table 2-5 as follows:
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BIT VALUE (HEX)

BYTE 80 40 20 10 08 04 02 o1
Transmitted 0 Incorrect Sync | Parity Man- Sync Zero- Parity Error Manchester Low Bit High Bit
Word : Error Type chester Error | Crossing Error Encoding Error | Count Error | Count Error
{third) byte * : .

Transmitted 1 0 0 Sync Error Manchester Manchester Manchester Manchester
Wor? - Error Fosition Error Error Error Error
poasition Position 3 Position 2 Position 1 iti
roartoy byte Pasition 0
geceived Word: I;%régllr\:g/- o 0 0 Parity Error | Manchester Low Bit High Bit
rrar i
e byte e Encoding Error | Count Error | Count Error
Received Word: | Transmit- | Data/Cemmand 0 0 0 0 0
Receive Veri- Receive/ Sync Type
fication/Sync Pending
Type (fourth)
byte *
*Note that the correct transmitted sync type for all test words is a data sync.
If the wraparound self-test fails following power turn-on (FAIL 40

indication), it is possible to determine which test word(s) were the cause of the
failure by performing the following procedure:

Press the CNTL and READ keys.

(1)
(1)
following (example):
E E 0 1
BLOCK/DIR. WORD NO.

4-16

8

4 C

16-DATA BIT

The display will blank.

1

ERROR CODE

i

Press the CNTL and READ keys again. The display will now indicate the

l—Nurnl:aevr of failed

word:

1, 2...

Four-digit hex representation of
error and receive verification/
sync type (third and fourth bytes)
of the actual received version of
the first test word,

Indicates test word number, from 1 to 47 (decimal).

Indicates either D, for the 16-bit data portion of the

actual received word (bytes 1 and 2) or, as in this example,
E, for the 16-bit error portion of the actual received word
(bytes 3 and 4). .

——¢E indicates error in displayed received word.

In the example shown, the failure is due to the Manchester Encoding
Error bit (0400 bit) being set in the received error byte of the first
test word.



occurred in the data (d) or error (E) portion of the current test
word. If there are mismatches in both the data and error portions for
a given word, the received 16-bit data will be displayed first,
followed by the received 16-bit error coding for the word.

(iv) If CNTL and READ are pressed after all the failed test words have been
reviewed, the display will revert back to the first failed data or
error word and the test data may be reviewed once again,

{v) To escape from this diagnostic mode, it is necessary to enter the CLR
key to put the exerciser in its normal power turn-on state. The
~display will then indicate:

1 T o - 1 0 8 4 0 0 0

BLOCK DIR.  WORD NO.. 16-BIT DATA ERROR CODE
At this time, it is pdssib1e to perform additional troubleshooting if
so desired. If not, the instrument may be operated with the knowl edge
that a front end fault exists.

The troubleshooting procedure is as follows:

(1) Enter the following sequence via the front panel keyboard:
KEY SEQUENCE EFFECT
CNTL || SN RP . Repeat mode of operation
1
CNTL |} FR ™ 2 ms frame time
9
2
. ENT
entL |[ Frur . 20 Format: Self-Test
3
2
0
ENT
_ PROG ] o _ .“ Command word of test message, 0821: Instrument's
' _ " RT1 to receive one (1) data word. :
0
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KEY SEQUENCE EFFECT
0
8
2
1
NEXT - : The test word is programmed as six hex digits. The
WORD first four digits represent 16-bit data for the
test word., The last two digits represent the error
byte, or third byte, of the test word.
DIGIT
DIGIT
DIGIT
DIGIT
DIGIT
DIGIT
ENT
CNTL | | ER BP The two-digit hex error position or error modi-
fier byte (fourth byte) for the transmitted test
3 word specifies the error positioning for Man-
chester encoding and sync zero-crossing errors.
DIGIT
DIGIT
ENT -
RUN | The message involving the test word in question is
(:) now being processed on a Repeat basis.
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(i1)

(ii1)

To view the test word message timing sequence, connect the Exerciser
SYNC QUTPUT to:the external trigger input of the oscilloscope. Connect
the scope channels A and B to TxDATA (US0-16, TP40) and TxDATA
(U50-33, TP4l), respectively.

Observe the sequence illustrated in Figure 4-1. The self-test timing
sequence occurs as follows:

(1)

(6)
(7)

(8)
(9)
(10)

(11)
(12)

(13)

(14)

Sixteen-bit déta for.the command wofd 0821 on Memory Data Bus
MDO ~ MD15 is loaded into encoder data buffers U39 and U60 on the
first rising edge of T-LOAD-L.

The 16 bit error/sync type c0d1ng for the command word is loaded
jnto Tatch U38 and U62 on the first rising edge of E-LOAD-L.

ENCODER ENABLE is brought high to initiate the encoder's internal
transmission sequence.

Approximately 2 us after ENCODER ENABLE goes high, the encoder
outputs a 750 ns T-LOAD pulse.

The encoder starts the transmission of the command word on the
falling edge of T-LOAD.

The data for the test word is 10aded 1nt0 buffers U39, U60.

The error and sync information for the test word is loaded into
buffers U38, Ub2.

The falling edge of the second T-LOAD pulse marks the start of
transmission of the test word.

ENCODER ENABLE is dropped. This will cause the encoder to stop
transmitting at the end of the test word.

Approximately 750 ns after the start of the test word, the de-
coder outputs a LOAD PULSE. The rising edge of this pulse Tloads
the receive parallel word into the encoder buffer.

The encoder terminates transmission at the end of the test word,

750 ns after the end of the test word, the decoder will usually
output a LOAD PULSE. However, LOAD PULSE may be absent following
some test words with encoding errors, particularly for sync
field errors. The rising edge of LOAD PULSE latches the received
test word parallel data (and errors, etc.) into decoder buffers
Ude, U57, and U65.

Sixteen-bit test word data from decoder buffers U046 and U67 are
made available on MDO ~ MD15 by the negative pulse on R-ENBL-L,
Near the end of this pulse, data is written into message RAM,

Test word error {and sync type, etc.) information is made avail-
able on MDO -~ MD15 by the negative pulse on E-READ-L. Near the
end of this pulse, error information is written into message RAM.
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{iv) Troubleshooting of the front end circuitry is as follows:

(1) The following faults indicate a problem in the sequence
control and/or message RAM portions of the top board
circuitry:

(a) T-LOAD-L or E-LOAD-L is missing.
{b) Missing or incorrect data on MDO ~ MD15.

{c) Encoder enable stuck low (or high).

MDO ~ MD15 O@ ©@

( U3s, U39, Uss, Us2,
Ud44,U486, UGS, UB7

®®

T-LOAD-L
{U39-11, UB0D-11) @ @

|

{TYP.) N
E-LOAD-L -
(U38-11, UB2-11) @ @
ol ——
125 us. U |-|
(TYP.}
@ ®
20 us.
ENCODER ENABLE (U50-7) |" TYey
25 30 @ @
T x D, T.x D, (TP40, TP41) LT [
R x D, R x D, (TP59, TP&D) - RECEIVE COMMAND TEST
WORD 0821 DATA WORD
750 us. @ (8) _ 18 us. :
(TYP.) ] .l_ :APPFl;OK,: -
ol .
T-LOAD (U50-8) J
780 ns. 1 —® ”®
(TYP} '
LOAD PULSE (U59-25) et
R-ENBL-L (U46-1, U57-1)
375 N5, ——r r-_.
E-READ-L {U44-1, UB5-1)
375 ns.—.-F
Figure 4-1. Timing Diagram for Wraparound Self-Test
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(2)

(3)

(4)

(5)

(d) R-ENBL-L or E-READ-L missing.

(e} Self-test failing, even with correct received data on
MDQ ~ MD15 during R-ENBL-L and E-READ-L. This may be con-
firmed, for a particular test word by halting the Exerciser
and reading the received version of the test word memory.
This is done by entering:

READ

1

0

3

ENT

to read the first three bytes of the received word and by
entering:

CNTL ER BP

To read the fourth byte.

Verify that the encoder is transmitting correct serijal data on
TxD and TXD for the current test word and is outputting T-LOAD
pulses as shown in the timing diagram. If this is the case, skip
to troubleshooting step (4).

Verify that correct data and error information is presented to
encoder inputs BIT 1, BIT 2, ... BIT 16, LONG WORD, ... MP3, SEP,
If it is, the fault lies in BUS-6420l encoder moduyle U50, If not,

“the fault is in latches U38, U39, U60, and U62.

Verify that the serial data on RxD (TP59) and RxD (TP60Q) is iden-
tical to that on TxD (TP40) and TxD {TP4l). If this is not the
case, the fault is in multiplexer U27.

Verify that decoder U59 is outputting correct data, error, and
sync information at the time of the rising edge of LOAD PULSE
(also verify for LOAD PULSE). If not, the fault lies in BUS-1555
decoder module U59. If the parallel data is correct, the fault
must be isolated from among latches U44, U46, U65, and U67.
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Figure 4-2. Block Diagram
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Figure 4-7. Bottom Board Parts Location Diagram
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SECTION 5
REPLACEABLE PARTS LIST

5.1 SCOPE

This section contains lists o¥ most parts for the Model! BUS-68005 MIL-STD-1553
Data Bus Exerciser. >

For service 1nvo1y1‘ng the proprietary section of the top printed circuit board
assembly, {parts not listed), please contact your ILC Field Representative or our
Customer Service Department at:

ILC Data Device Corp.
105 Wilbur Place
Bohemia, NY 11716

(516) 567-5600

BUS-68005 ... TOP BD ASSY

REFERENCE MFG

DESIGNATION a7y DESCRIPTION PART NO. MFG
00001 1 PRINTED WIRING BD MULTILAYER 5198-3804-90XX 0oe
£80-91,100,103,105- 24 CAP,CER .01UF,100V,10% LEV M CKRO5BX 1104-8475-0103 ANY
106,109,113,116,119-
120,122-123,125,128-
129,132,134,136,138-
139,142,146,148
ca9 1 CAP,TANT 22UF,50V,10% LEV M (CSR13) 1703-2395-0226 ANY
C69 1 CAP,TANT 6.8UF,50V,10%,LEV M 1707-3395-0685 ANY
C70-72 3 CAP,TANT 6.8UF,35V,10%,LEV M {CSR13) 1703-2295-0685 ANY
c73 1 CAP,CER 470PF,50V,20% 1113-0396-0471 VITRMON
cB2 1 CAP.CER .1UF,50V,10% X7R 1113-0395-0104 “VITRMON
CR1-3 3 DIODE SILICON DHD. 3000-0020-004C ANY
Q1 1 TRNSTR,NPN,TO 18 3120-2000-0080 ANY
R18 1 RES C.C. 10K,1/4W 5% 2401-2204-0103 ANY
R1-4 4 RMF 54.9,1W,1% 2601-7431-5499 MEPCO
R6-13 3 RES C.C. 5.1K,1/4W,5% 2401-2204-0512 ANY
R14,21-22 3 RES C.C. 1K,1/4W,5% 2401-2204-0102 ANY
R15 1 RES C.C. 47,1/4W,5% 2401-2204-0470 AB
R168 1 RES C.C. 3K, 1/4W.5% 2401-2204-0302 ANY
R23-27 5 RES C.C. 2.2K,1/4W,5% 2401-2204-0222 AB
R20 1 RES C.C. 2.7K,1/4W,5% 2401-2204-0272 ANY
R17,R16A 2 RMF 6.65K,1/8W,1%,100PPM (RN53DBR51F) 2500-1131-6651 PRINT SZ A
a1 1 RMF 8.87K,1/8W,1%, 100PPM {RN55DB871F) 2500-1131-8871 PRINT 8Z A
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REFERENCE MFG

DESIGNATION ary DESCRIPTION PART NO. MFG
U49,52-55 5 | 1K X 4 STATIC RAM 120 NS 4362-1048-0001 INTEL
U49,52-55 ALT | 1K X 4 STATIC RAM 120 NS 4362-1048-0002 SINERTEK
1)49,52.55 ALT | 1K X 4 STATIC RAM 120 NS 4352-1048-0003 SLD ST SCI
U34,9,13,16 5| HEX INVERTER LO.PWR.SCHOT 432211480000 ANY
U15,.23 2| DUAL J FLIP FLOP TTL 4322-1386-0000 ANY
U18,24-26,42-43,89 7| BINARY COUNTER 4322-1345-0000 ANY
Us 1 | LOGIC SEQUENCER SPECIFCATION 4543-1002-0020 PRINT
Uz0 1| POWER OP AMP,4-PIN POWER WATT PKG 4119-1830-0001 FSC
U17,32,63-64 4| SYNC 4 BIT UP DOWN CTR 4322-1403-0000 ANY
U727 7| QUAD 2-LINE T0 1-LINE MUX LPS 4322-1189-0000 ANY
U2 7| OCTAL 16 INPUT SPECIFICATION 4622-1001-0020 PRINT_SZ A
U28 1_| BUS 68005 TOP BD HEATSINK ASSY 6003-8055-0000 PRINT SZ A
U29 1 | PROGRAMMABLE TIMER MODULE 4362-1047-0001 MOTOROLA
U30,45,66 3 | OCTAL BUS TRANSCEVER 4322-1258-0000 ANY
Us, 10 2| 8 BIT PAR-UT SER SHIFT RE 432212230000 ANY
U31,44.47 3 | LATCH,TANS 8-BIT,LPS 4323-1278-0000 ANY
U21,48,56,70,86 5 | OCTAL BUS DRIVER, LPS 4322-1241-0000 ANY
U35 1 | QUAD 2 TO 1 LINE MUX TIL 4322-1296-0000 ANY
U37,46,61,65.67,8385 | 8 | OCTAL LATGH LPS 4322-1251-0000 ANY
Ui 1__| PROM SPECIFICATION 4622-1002-0010 PRINT SZ A
Ui 1| QUAD D-TYPE FiF W/CLR,LPS 4322-1163-0000 ANY
U34,36 2| DIB,IC,TTL,PLASTIC DIP 0-70 DEG. 4322-1358-0000 ANY
Us1 1| DUAL DIFF,TRI-STATE LINE DRWER,TTL 4322-1336-0001 NSC
U14,68,78-79 4| QUAD 2N POS-AND GATES 4322-1220-0000 ANY
Usg 1| 1553 MANCHESTER DECODER 6 00267520000 BUS1555 PRINT SZ C
U12.33,77 3 | QUAD 2IN POS-OR GATES 4322-1226-0000 ANY
Ut9 i | QUAD 2NPUT EXCLUSIVE OR GATE LPS 4322-1188-0000 ANY
U4t 1__| QUAD 2IN POS NOR GATE LPS 4392-1161-0000 ANY
us 1 | LOGIC SEQUENGER SPEGIFICATION 4643-1002-0030 PRINT
U2z 1__| PROM SPECIFICATION 4622-1001-0070 DDC SPEC
Us7 1| PROM SPECIFICATION 4622-1001-0060 DDC SPEC
Ubg 1| PROM SPEC 4543-1001-0030 DDG SPEC
U71,87 2 | QuAD D FUIP FLOP 4399-1437-0000 ANY
u72 1| DUAL D FLIP FLOP 432211520000 ANY
U8t 1| 3TO8-LINE DECODER/MUX LPS 4322-1250-0000 ANY
g2 1| 88IT DIG TO ANALOG 4392-1050-0001 NSC
Us0 1| 1553 ENCODER BUS64201 PRINT SZ D
Use-40.80,62 6873 9 | OCTAL D F/F W/ENABLE.LPS 4329-1246-0000 ANY
U8s 1| 3 INPUT NAND GATE LPS 4323-1209-0000 ANY
T12 2| PULSE TRANSFORMER BUS25679 DDC
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REFERENCE MFG

DESIGNATION aTy DESCRIPTION PART NO. MFG
XK1 1 SOCKET STRIP 20 PIN GLD/TIN CONTCT 5315-3300-0001 SAM TEC
J7-8 2 CONNECTOR,VERTICAL CARD,10-PIN,2 ROWS 5312-3000-0000 BERG
P& 1 CONNECTOR,MALE 5315-0100-000t WINCHESTER
00123 4 CONN,PC BD.,FEMALE,27-PIN SINGLE ROW 5312-6200-0000 BERG
00127 4 POLARIZING PLUG 5303-5000-0000 BERG
XU3-4,8-10,12-14,16, 20 SOCKET 14 PIN GOLD PLATED 5315-1900-0001 CIR ASSY
19,33-34,36 41,58,72,
77-79,88
XU11,15,17-18,23-27, 22 SOCKET 16 PIN GOLD PLATED 5315-2000-0001 GIR ASSY
32,35,42-43,51.,63-64, -
71,75-76,81,87,89
XU49,52-55 5 SOCKET 18 PIN GOLD PLATED 5315-3200-0001 CIRC ASSY
XU1-2,21-22,30-31,37- 24 SOCKET 2¢ PIN GOLD PLATED 5315-3000-0001 CIRC ASSY
40),44-48 56-57,60-62,
65-68
XU63 1 SOCKET 24 PIN GOLD PLATED 5315-2100-0001 CIRC ASSY
XU70,73-74,80,83-86 8 SOCKET 20 PIN GOLD PLATED 5315-3000-0001 CIRC ASSY
xuz28 1 SOCKET 24 PIN GOLD PLATED 5315-2100-0001 CIRC ASSY
XU5-7,29 4 SOCKET 28 PIN GOLD PLATED 5315-2200-0001 CIRC ASSY
K1 1 RELAY TO-5,12V 5700-0003-5002 TELEDYNE
00148 1 CONN,FEMALE SCREW LOCK 5306-6400-0000 AMP
Ji5 1 CONN,PLUG 50 PIN CONTACT 5306-9800-0000 AMP
00150 1 HEATSINK 5400-0003-4001 AAVID
Wwi-2 2 SHORTING PLUG INSULATED 5314-2400-0001 CAMBION
00163 2 INSULATOR 5502-1463-00XX PRINT
BUS-68005 ... BOT BD ASSY
00001 1 PRINTED WIRING BD MULTILAYER 5159-3805-30XX PRINT 5Z E
(63,89,101,104,107, 16 CAP,CER .01UF,50V,10%0,X7R 1113-0395-0103 VITRMON
110,114,118-122,125-
127,137
5,7-8,11,18,27-28 31, 1 CAP,CER .1UF,50V,10%,X7R 1113-0395-0104 VITRMON
36,116,135 - '
9,14 2 CAP TANT 1.0UF,20PCT 35V 1706-1396-0105 COMP
c24 1 CAP,CER .47UF 50V, 10% X7R 1113-1395-0474 VITRMON
£26,680 2 CAP,CER 2200PF,100V,10%,X7R 1113-0495-0222 YITRMON
C2% 1 CAP,AL ELEC,2.2UF 63V -10 + 50%,AXIAL 1713-5999-0225 SPRAGUE
c2% ALT GAP AL ELEG 2.2UF,50V,20% AXIAL 1715-6396-0225 NIC
C30 1 CAP,CER.,.015UF,50V,10% X7R 1113-0395-0153 VITRMON
£32,50,67,80 4 CAP AL 10,000 UF,35V,20% 1714-5396-0109 NIGHICON
c4¢9 1 CAP Al ELEC 6800UF,10V,20% 1714-5096-0688 NICHICON
ce61 1 CAP ,CER 1000PF,100V,10% X7R 1113-0495-0102 VITRMON
C136 1 CAP,CER 1,0UF,50V,10% X7R 1115-2395-0105 VITRMON




REFERENCE MFG

DESIGNATION ovY DESCRIPTION PART NO. MFG
T1 1 TRANSFORMER, POWER 5210-0063-0001 SIGNAL
T2-4 3 | TRANSFORMER 115/230V 5210-0066-0001 SIGAL
U1,3,9-10 4 IEEE BUS DRIVER 4322-1214-0000 MOT
U2 i GEN PURPOSE INTERFACE ADA PTER GPIA 4362-1052-0001 MOT
U4.20,28-29,53-54,57 7 OCTAL BUS DRIVER, LPS 4322-1241-0000 ANY
Us, 12 5 14 BIT BI-DIRECTICNAL TRI STATE BUFFER 4322-1406-0001 NSC
Us 1 LINE DRIVER . 4192-1300-0001 NSC
u7 1 VOLTAGE REGULATOR, + 15V,1.5A,T0-220 4149-3640-0001 NSC
U8 1 VOLTAGE REGULATOR, -15V,1.5A,70-220 4149-3650-0001 NSC
U1 1 LINE RECEIVER 4192-1310-0001 NSC
T 1 0SCILLATOR, VOLTAGE CONTROLLED 4322-1408-0001 Tl
U14 1 BAUD RATE GENERATOR 4362-1046-0004 NSC
U5 1 ASYN COMM INTERFACE ADAPTER 2MHZ 4362-1055-0001 MOT
116,40 2 P.LA. ' 4362-1050-0001 MOT
ui7 1 OCTAL LATCH tPS 4322-1251-0000 ANY
U8 1 SWITCHING REGULATOR T0-96 4149-3680-0001 LAMBDA
u22 1 PROM SPECIFICATION 4663-1002-0060 PRINT SZ A
U25 1 DUAL J-K FLIP FLOP 4322-1222-0000 ANY
126 i HEX BUFFER OC HiGH VOLT 4323-1043-0000 ANY
U27,58,62 3 HEX INVERTER LD PWR SCHOT 4322-1148-0000 ANY
U31-32,34-35 4 1K X 4 STATIC RAM LOW PWR MOS 4362-1041-0001 INTEL
136,38,48,60 4 DUAL D FLIP FLOP 4322-1152-0000 ANY
U37,42,45,63 4 QUAD 2IN POS-AND GATES 4322-1220-0000 ANY
U39,48 2 QUAD 21N POS-OR GATES 4322-1226-0000 ANY
U4 1 4-LINE TO 16-LINE DECODER 4322-1240-0000 ANY
V43 1 DUAL 2-LINE TQ 4-LINE DECODER/DEMUX 4322-1305-0000 ANY
a4 1 QUAD 2IN POS-NAND GATES 4322-1150-0000 ANY
U46 1 QUAD 2iN POS-NOR GATE LPS 4322-1161-0000 ANY
u47 1 DUAL MONOSTABLE LO PWR SC 4322-1156-0000 ANY
U50 1 DUAL LINE RECEIVER,TTL 4322-1337-0001 NSC
US5 1 MICROPROCESSOR 4362-1048-0001 MOT
Us6 1 OCTAL BUS TRANSCEIVER 4322-1258-0000 ANY
Us3 1 DIRECT MEMORY CONTROLLER 4362-1056-0001 MOT
us1 1 QUAD 2INPUT EXCLUSIVE OR GATE LPS 4322-1188-0000 ANY
u64 1 QUAD 2-INPUT NAND GATE DPEN COLLECTOR 4322-1438-0000 ANY
u24 1 PROM SPECIFICATION 4663-1002-0070 DDC
uz3 1 PROM SPECIFICATION 4663-1002-0080 DDeC
00110 1 CONNEGTOR HARDWARE 5490-0003-1301 AMP
J5 1 6 POSITION VERTICAL CARD CONN (FEMALE) 5314-9600-0001 BERG
J6 1 DUAL STRAIGHT HEADER,36 POSITION 5312-3400-0000 BERG
00113 1 POLARIZING PLUG 5303-5000-0000 BERG

53



REFERENCE : MFG

DESIGNATION ory DESCRIPTION PART NO. MFG
59 1 DIP SWITCH 5,PCSITION 5700-0003-0600 GRAYHILL
&8 1 SWITCH MINIATURE SLIDE SP3Y 5700-0003-3901 ALCO
00118 1 cup 5500-0053-0C00 AUGAT
V51 1 OVER VOLTAGE PROTECTOR 6.6V 6 AMP 3093-0020-0001 LAMBDA
Y1 1 CRYSTAL 1.8432 MHZ 5500-0475-0001 VAL FISHER
J3 1 CONNECTOR,FEMALE 5315-0000-0001 TRW
J2 1 CONNECTOR, DB25 MALE 5315-0400-0001 TRW
J4 1 CONN,24-PiN,FEMALE,PC BD MOUNT 5312-9200-0000 AMP
W1-2,7-14 10 SHORTING PLUG INSULATED 5314-2400-0001 CAMBION
ug5 1 PROM SPECIFICATION 4622-1001-0100 DDC SPEC
00126 4 TRANSFORMER CLAMP 5500-0136-0000 SIGNAL '
00127 1 HEATSINK QUAD 3-PIN TO-3 5400-0004-1001 IERC
00128 4 INSULATOR, THERMALLY COND TO-3 5500-8710-0000 BERQUIST
00129 3 INSULATOR, THERMALLY COND T0-220 5500-0294-0000 BERQUIST
00130 8 INSULATOR SHOULDER 5500-3500-0000 NYLON
0013 1 HEATSINK 5983-3774-0000 "PRINT SZ G
00132 4 SCREW,NYLON,NO. 4 X 1/2 5460-0001-9000 H,H,5M
00133 1 HEAT SINK 5900-0020-0000 IERC
P5 1 CONNECTOR,MALE 5315-0100-0001 WINCHESTER
J12 . 1 DUAL STRAIGHT HEADER,36 POSITION 5312-3400-0000 BERG
XU6,11,13-14,26-2/, 23 SOCKET 14 PIN GOLD PLATED 5315-1900-0001 CIR ASSY
36-39,42,44-46,48-50,
58,60-64
§U1 ,3,5,9-10,12,25,43, 9 SOCKET 16 PN GOLD PLATED 5315-2000-0001 CIR ASSY

7

XU31-32,34-35 4 SOCKET 18 PIN GOLD PLATED 5315-3200-00M CIRC ASSY
XU4,17,20,28-29,53- 10 SOCKET 20 PIN GOLD PLATED §315-3000-0001 CIRC ASSY
54,56-57,85
XU15,41,59 3 SOCKET 24 PIN GOLD PLATED 5315-2100-0001 CIRC ASSY
XU22-24 3 SOCKET 28 PIN GOLD PLATED 5315-2200-0001 CIRC ASSY
XU2,16,40,55 4 SOCKET 40 PIN GOLD PLATED 5315-2300-0001 CIRC ASSY
00183 1 5500-0065-0000 PANDUIT
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




