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1. SCOPE:

This document contains guidance for using SAE publications, AS4112 through
AS4117 (MIL-STD-1553 related Test Plans). Included herein are the referenced
test plan paragraphs numbers and titles, the purpose of the test, the
associated MIL-STD-1553 paragraph, commentary concerning test methods and
rationale, and instrumentation requirements.
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CHAPTER 1
INTRODUCTION:
The primary purpose of the MIL-STD-1553 Test Plans Handbook is to provide users of

the following Society of Automotive Engineers (SAE) documents rationale for tests
and procedures defined therein:

Chapter 2 - AS4112 - Production Test Plan For the Aircraft Time Division
Command/Response Multiplex Data Bus Remote Terminals,

Chapter 3 - AS4113 - Validation Test Plan For The Aircraft Internal Time Division
Command/Response Multiplex Data Bus Bus Controllers,

AS4114 - Production Test Plan For The Aircraft Internal Time Division

Command/Response Multiplex Data Bus Bus Controllers,

Chapter 4 - AS4115 - Test Plan For The Digital Internal Time Division
Command/Response Multiplex Data Bus System,

Chapter 5 - AS4116 - Test Plan For The Digital Time Division Command/Response
Multiplex Data Bus Monitors, and

Chapter 6 - AS4117 - Test Plan For The Time Division Response Multiplex Data Bus

Couplers.

The rationale appears in Chapters 2-6. Also contained in these chapters are,
where appropriate, suggested implementation schemes. This is provided in an
effort to standardize testing of MIL-STD-1553 devices.

The documents 1listed above were developed by the SAE AS-1A Test Plans Task Group
(TPTG). The TPTG was formed in 1982 and was chartered to developed and publish
test plans for MIL-STD-1553 equipment and systems. The Task Group membership was
a diverse representation from the 1553 community, including members from industry
and the military, both foreign and domestic. A1l areas of 1553 hardware develop-
ment and manufacture were represented along with the system integrators. This
assured that a wide diversity of viewpoints were considered, resulting in the
accepted test plans. This handbook is a reference document that provides the
rationale for the tests and supports the application of MIL-STD-1553 and the Test
Plans.

The goals of the TPTG were realized with the publication of the six Test Plan

documents. Those documents, and this document, are published by the SAE and are
available from the SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
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Rationale for the test paragraphs is listed and referenced to the applicable test
documents in Chapters 2-6. These chapters are organized such that the TEST PLAN
PARAGRAPH number is indicated first. Below this line is PURPOSE, which provides
the general intent of the test and, in some cases is a reiteration of the purpose
stated in the test plan. Following this is the 1553 paragraph which references
the standard paragraph being tested and, when required, is COMMENTARY pertaining
to the test plan paragraph. Appearing last is instrumentation, included to
discuss the INSTRUMENTATION requirements for a given test.
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CHAPTER 2

AS4112 PRODUCTION TEST PLAN FOR THE AIRCRAFT INTERNAL TIME DIVISION COMMAND/
RESPONSE MULTIPLEX DATA BUS REMOTE TERMINAL.

INTRODUCTION:

Production testing of Remote Terminals (RTs) differs from validation testing in
many ways. For this reason, certain consideration must be given toward designing
production specific test stands or fixtures. Speed, confidence, accuracy and ease
of automation were the main goals established prior to the writing of AS4112. The
exhaustive characterization of validation testing is not required in production.
The emphasis is on testing the RT as inexpensively and as fast as possible without
compromising the verification of performance.

GENERAL INSTRUMENTATION NEEDS:

Most of the tests written in this Test Plan require that a valid command be sent
to the RT under test. This requires the use of a programmable MIL-STD-1553
waveform generator that provides the following:

1. Generates valid MIL-STD-1553 waveforms and invalid waveforms with
injected errors.

2. Provides amplitude levels of 0.20, 0.86, and 6.0 V_, for transformer-
coupled stubs and 0.28, 1.2, and 9.6 V,, for direct-coupled stubs.

3. Provides rise and fall times of a trapezoidal waveform of less than or
equal to 100ns.

Note that the intent of this handbook is to provide minimum test hardware
requirements and not to discuss all of the various implementations available.

TEST PLAN PARAGRAPH: 4.1 GENERAL MONITORING REQUIREMENTS.
PURPOSE: This paragraph is added to establish monitoring criteria.
1553 PARAGRAPH: See Below.

COMMENTARY: It is intended that the parameters listed be monitored constantly
during testing. This implies that a bus monitor function is required and must be
capable of verifying certain timing events, word formats, and protocol responses.
Generally, the test device monitoring the MIL-STD-1553 bus is also the Bus
Controller (BC) and RT (for tests requiring additional RT responses). This
reduces the hardware required in the set up. This device must be capable of
interpreting MIL-STD-1553 activity and detecting when a device under test operates
outside the boundaries defined for the parameters listed.
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INSTRUMENTATION: The general monitoring requirements listed in paragraph 4.1 of
the test plan are basic requirements of 1553. The instrument must be capable of
capturing the 1553 messages and verifying timing events, protocol errors, and word
formats specified in MIL-STD-1553. The required monitoring requirements and the
MIL-STD-1553 paragraphs are listed below.

1) vresponse time - 1553 para. 4.3.3.8 - "RESPONSE TIME"

The monitor used in the production environment must be able to detect and decode
UUT responses which fall not only within the 4 - 12us required in MIL-STD-1553,
but also responses which occur in less than 4 and greater than 12us. This is
important for distinguishing a "no response" from a late or early response. Since
no tolerance is provided in MIL-STD-1553, a safe method for ensuring that UUTs
meet the response time criteria is to impose slightly tighter response time
requirements in the monitor.

2) contiguous data - 1553 para. 4.4.1.2 - "TRANSMISSION CONTINUITY"

1553 states that all data shall be contiguous, but does not set an actual limit.
The monitor used for production testing should be able to detect discontinuities
of 2.5us. Monitoring the UUT for no discontiguity is ideal; however, it is felt
that the 2.5us figure (or limit) imposed is reasonable (2.5us as measured in
Figure 1 at the end of this document).

3) proper Manchester encoding - 1553 para. 4.3.3 - "TRANSMISSION METHOD"

The monitor used in this function must be able to detect and flag 1553 words with
missing transitions. This applies for any edge in any word on the 1553 bus.

4) proper bit count - 1553 para. 4.3.3.4 - "WORD SIZE"

The monitor should flag any 1553 words which contain the wrong number of bits.
Most available decoders can detect missing bits anywhere in a 1553 message. Also,
most decoders can detect extra bits anywhere in the message except the last word
of a transmission (last data word of a receive message or a transmit command
word). It is generally considered that RTs cannot pass noise (1553 paragraph
4.5.2.1.4) and detect extra bits at the end of a transmission. The monitor used
in production testing need not pass the rigors of 1553 noise rejection. This
means that the optimum monitor for the production environment would be one which
can detect and flag extra bits in a 1553 word no matter where they occur in the
message.

5) odd parity - 1553 para. 4.3.3.5.1.6 - "PARITY"
The bus monitor function in the production test environment must be able to detect
and flag 1553 words on the data bus whose bit time 20, parity bit, is not the
proper phase to indicate odd parity.

6) proper word count - 1553 para. 4.3.3.5.1.5 - "DATA WORD COUNT/MODE FIELD"
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The monitor needs to be cognizant of the word count in the commands and verify
proper UUT operation.

7) proper terminal address in status - 1553 para. 4.3.3.5.3.2 - "RT ADDRESS"
(STATUS)

It is the responsibility of the bus monitor function to ensure that the RT address
field of the UUT status words is always equal to the RT address of the associated
command word. Generally, this simple task is managed in the software of an
automated set up.
8) vreserved status and instrumentation bits are set to zero - 1553 para.
4.3.3.5.3.6 - "RESERVED STATUS BITS", - 1553 para. 4.3.3.5.3.4 -
"INSTRUMENTATION BIT"

The monitor must detect and flag any UUT status response where the reserved and/or
instrumentation bits are not logical zero.

9) proper sync - 1553 para. 4.3.3.5.1.1 - "SYNC" command words - 1553 para.
4.3.3.5.2.1 - "SYNC" data words

A11 sync fields of all words transmitted by the UUT must be examined for the
proper sync waveform.

TEST PLAN PARAGRAPH: 5.1.1.1  AMPLITUDE

PURPOSE: To ensure proper output amplitude (6 - 9V,) for direct, and (18 - 27V,)
for transformer-coupled stub connections.

1553 PARAGRAPH: 4.5.2.1.1.1

INSTRUMENTATION: A 50MHz (minimum) bandwidth scope is recommended so that the
1553 waveform may be viewed and measured.

TEST PLAN PARAGRAPH: 5.1.1.2 RISE AND FALL TIME
PURPOSE: To test for rise and fall times of 100 to 300ns.
1553 PARAGRAPH: 4.5.2.2.1.2

INSTRUMENTATION: A 100MHz bandwidth scope is recommended so that the 1553
waveform may be viewed and measured.

TEST PLAN PARAGRAPH: 5.1.1.3  ZERO CROSSING STABILITY

PURPOSE: To ensure that output zero crossing stability is within + 25ns for zero
crossings of 500, 1,000, 1,500, and 2,000ns.
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1553 PARAGRAPH: 4.5.2.1.1.2

INSTRUMENTATION: To handle the + 25ns accuracy measurement, a 100MHz bandwidth
scope with a 5ns accuracy is recommended so that the 1553 waveform may be viewed
and measured.

TEST PLAN PARAGRAPH: 5.1.1.4 DISTORTION, OVERSHOOT, AND RINGING

PURPOSE: To verify that output waveform distortion, overshoot, and ringing does
not exceed + 900mV for transformer-coupled stubs and + 300mV for direct-coupled
stubs.

1553 PARAGRAPH: 4.5.2.1.1.2

INSTRUMENTATION: A 100MHz bandwidth scope is recommended so that the 1553
waveform may be viewed and measured.

TEST PLAN PARAGRAPH: 5.1.1.5 OUTPUT SYMMETRY

PURPOSE: To verify that the output residual voltage is less than 250mV peak for
transformer-coupled stubs and less than 90mV peak for direct-coupled stubs.

1553 PARAGRAPH: 4.5.2.2.1.4
COMMENTARY: The six data word patterns used in this test are:

8000 (HEX), 7FFF (HEX), 0000 (HEX)
FFFF (HEX), 5555 (HEX), AAAA (HEX)

These data word patterns are obtained from 1553 paragraph 4.5.2.2.1.4. These
patterns are used because they represent the basic switching frequencies that the
transmitter circuitry must be able to support. For instance, the patterns of all
zeros (0000) and all Fs (FFFF) are 1MHz patterns. The 1MHz patterns are the
highest frequency achievable on the 1553 bus. Patterns of all 5’s (5555) and all
A’s (AAAA) are equal to 500kHz. The patterns 7FFF and 8000 contain composites of
the lowest and highest switching frequencies possible on the 1553 bus. 7FFF, when
used with a status word, causes a 2.0ys sustained low output occurring when bit
time 4, a zero in this case, follows a status sync field. This low is then
followed by the 1IMHz switching. The longest sustained high output occurs when the
8000 pattern is used with a data sync. In this case, bit time 4 is a logical one.
This, with the second half of a data sync, causes a 2.0us sustained high pulse.
Again this is followed by the 1MHz switching pattern. These patterns do, in fact,
provide a practical means to demonstrate a transmitter’s capabilities. The use of
alternating patterns such as AAAA and 5555, or FFFF and 0000, ensures that both
halves of the transmitter output stages are operational and balanced (biased)
properly. In other words, that the positive and negative energy is equal and that
a charge is not acquired in the transmission line during transmission.
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The use of the different switching frequencies also provides an adequate means of
testing the basic frequency response characteristics of the transformer associated
with that output.

It is also important to consider that there are UUTs which cannot support the data
patterns called for in this test. If a UUT cannot generate the data patterns
specified, the use of the test "Wrap Subaddress" may be required. If this is also
not available, the test engineer must try to use the data patterns available
which, as closely as possible, resemble the switching patterns specified. For
example, if the eight Most Significant Bits (MSBs) of the data words are always
"FF", but the eight Least Significant Bit (LSBs) are selectable, then the patterns
used in test may resemble:

FF80(HEX), FF7F(HEX), FFOO(HEX)
FFFF(HEX), FF55(HEX), FFAA(HEX)

If the UUT can only transmit a fixed set of data, then the fixed data shall be
used. Or, if the UUT only transmits status words, then the status word should be
manipulated, if possible, to contain the specified patterns.

In any case, a maximum effort should be made to exercise the UUT transmitter
circuitry with the 1isted patterns.

INSTRUMENTATION: A 50MHz (minimum) bandwidth scope is recommended so the 1553
waveform may be viewed and the measurement taken.

TEST PLAN PARAGRAPH: 5.1.1.6 OUTPUT NOISE

PURPOSE: To verify that quiescent rms noise is less than 14mV rms for trans-
former-coupled stubs and less than 5mV rms for direct-coupled stubs.

1553 PARAGRAPH: 4.5.2.2.1.3

INSTRUMENTATION: A true rms voltmeter is required for this test. The equipment
must have a (DC) to 10MHz minimum frequency bandwidth with 1MQ input impedance.

TEST PLAN PARAGRAPH: 5.1.1.7 POWER ON/OFF NOISE

PURPOSE: To ensure that spurious noise output by the UUT during power up and
down is less than 250mV peak for transformer-coupled stubs and 90mV peak for
direct-coupled stubs.

1553 PARAGRAPH:  30.10.6 (NOTICE 2)

COMMENTARY: This is a requirement of Notice 2 to MIL-STD-1553B. The TPTG felt
this test was important enough to add to the Production Test Plan. Successful
completion of Power On/Off Noise tests during validation testing does not imply
that all UUTs, in a production environment, will comply. The pass/fail limits are
as specified in Notice 2 to 1553B.
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In addition to transient noise spikes, it is important that the UUT be tested to
verify that the UUT does not emit any 1553 words during normal power sequencing.
For example, UUTs that can be also configured as BCs are more likely to have this
type of problem. This is also true for UUTs utilizing on-board RAM. If the UUT
RAM is not controlled during power up, the RAM may assume data patterns
configuring the UUT as a BC issuing commands. This is extremely dangerous and it
is intended that the Power On/Off test flags this type of action as an error.

It should be noted that noise induced by the test hardware must be minimized so
that test results are not significantly effected. Proper power-up procedure
should also be observed.

INSTRUMENTATION: A 50MHz storage scope is recommended so that any spurious dif-
ferential output may be captured during the power up or power down sequences. A
storage scope is necessary since you must be able to capture a single event. A
1553 monitor should also be on the bus to monitor any possible 1553 spurious
messages.

TEST PLAN PARAGRAPH: 5.1.2.1.1 AMPLITUDE VARIATIONS

PURPOSE: To verify that UUT thresholds are within the transformer- and direct-
coupled stub windows of 0.2 to 0.86V,, and 0.28 to 1.2V,, respectively, and that
the UUT can respond properly to signal inputs throughout the allowable range of
0.86 to 6.0V, and 1.2 to 9.0V_, respectively.

pp?

1553 PARAGRAPH: 4.5.2.1.2.1

COMMENTARY: It is only required that three input voltage levels, per stub, be
used in this test. The levels are the extremes: required rejection level, and
minimum and maximum bus level. The three voltages represent the minimum
requirements of 1553. This is set up this way to minimize test time.

Since there is no zero crossing distortion or noise rejection testing in the
Production Test Plan, one may wish to establish periodic characterization of 1553
receivers to ensure proper performance during production. This is important
because a verified receiver design, one which passes validation testing, is not
necessarily demonstrative of production units. This is due to the analog nature
of the receiver in general and, in particular, the filtering circuitry. The
amplitude variations test is a means of testing the basic capabilities of the
receiver circuitry. Where large numbers of UUTs are concerned, periodic
characterization enables the test facility to observe trends in circuitry and
component performance. Facilities should maintain and analyze test data to ensure
that component tolerances designed in are adequate.

Automated test stands can determine, to within 50mV_,, thresholds of a UUT in less
than 5 seconds. This is accomplished by successive approximation of test input
levels centered and beginning + or - 200mV_, above or below the typical threshold
of production units.
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INSTRUMENTATION: The waveform generator must provide variable voltage outputs in
response to the UUT as specified by the Test Plan. A monitor is also needed to
verify the response of the UUT for each message sent.

TEST PLAN PARAGRAPH: 5.1.2.1.2  INPUT IMPEDANCE

PURPOSE: To ensure that UUT impedance is greater than 1KQ for transformer-
coupled stubs and greater than 2KQ for direct-coupled stubs.

1553 PARAGRAPH: 4.5.2.1.2.3

COMMENTARY: This test, as well as the Amplitude Variations test, provides a means
for the test facility to verify receiver construction and operation. The wiring
to the UUT, transformer and transmitter contributions to the input impedance are
also verified during this test. If possible, it is desirable to determine the
phase angle of the impedance. Imposing in-house phase angle requirements will
ensure that the UUTs are able to maintain similar input impedance characteristics
during RT production.

Note that the UUT should be tested off-line per test plan using minimum length
calibrated cables.

INSTRUMENTATION: An impedance analyzer is recommended for this test. It should
be capable of measurements at 1MHz. It should be able to measure complex
impedance and generate a sine wave at 1 to 2V rms at 1MHz.

TEST PLAN PARAGRAPH: 5.2  PROTOCOL TESTS

PURPOSE: This major paragraph contains tests on the protocol requirements of
MIL-STD-1553.

1553 PARAGRAPH: 4.4.1.3

COMMENTARY: This section permits relief from testing on both stub types (per

bus). This is because the stub connections and transformer turns ratios were

tested as part of the Electrical Tests. Once it has been established that the
connections to both stubs are intact, it is not necessary to test the protocol
requirements on both stubs.

INSTRUMENTATION: There are many pieces of test equipment available that provide
the necessary components for the protocol portion of this Test Plan. The
equipment must be capable of simulating the BC functions, such as RT-to-RT
transfers, mode codes, general receive and transmit commands, and broadcast
commands to the UUT. The equipment must also be capable of simulating at least
one RT. The test signal amplitude should be 3.0V, for direct- coup]ed stubs and
2.1V, for transformer-coupled stubs measured at po1nt A of Figure 1 in the Test
Plan. Any other specific simulation or error injection functions will be
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discussed in the individual tests below. The test equipment used should also be
able to perform all of the monitoring requirements outlined in 4.1 GENERAL
MONITORING REQUIREMENTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.1.1.1 VALID RT ADDRESS

PURPOSE:  To ensure that the UUT responds to 1553 commands which contain, in the
RT address field, the address which the UUT is assigned.

1553 PARAGRAPH: 4.3.3.5.1.2, 4.3.3.6, 4.4.3

COMMENTARY: This section ensures that the UUT address recognition circuitry is
operational. A walking logical one is walked through the RT address field to
ensure that all bits can be programmed as either a logical zero or one.
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH:  5.2.1.1.2  INVALID RT ADDRESS

PURPOSE:  To ensure that the UUT does not respond to commands which do not
contain, in the RT address field, the address which the UUT is assigned.

1553 PARAGRAPH: 4.3.3.5.1.2, 4.3.3.6.4.4.3
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
TEST PLAN PARAGRAPH: 5.2.1.2 WORD COUNT

PURPOSE: To ensure that the UUT responds properly to all implemented word
counts.

1553 PARAGRAPH: 4.3.3.5.1.5, 4, 4.3.3.6, 4.4.3
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
TEST PLAN PARAGRAPH: 5.2.1.3  SUBADDRESS

PURPOSE: To ensure that the UUT responds properly to all implemented sub-
addresses.

1553 PARAGRAPH: 4.3.3.5.1.4, 4.3.3.6, 4.4.3
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
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TEST PLAN PARAGRAPH: 5.2.1.4 ERROR INJECTION

PURPOSE: This series of tests verify proper UUT action when errors are present
in the message stream.

1553 PARAGRAPH: 4.4.1.1, 4.4.3.1

COMMENTARY: The Error Injection test is written to exercise the minimum response
requirements of MIL-STD-1553. Table 1 of the test plan, Error Formats, contains
fewer scenarios than the exhaustive tests of characterization testing. The
production method requires far less time and offers confidence in proper
receiver/decoder operation. It is recommended that if the UUT implements the
Transmit Status Word mode command, it be used in Step 3 of the test plan. This
addition further tests the UUT functionality. The proper responses for using the
Transmit Status Word mode command in Step 3 of 5.2.1.4 are as follows: CS for
error conditions within command words; ME for error conditions within data words.

INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan. In
addition, the equipment used to simulate the BC function must be able to inject
the following errors:

1. Parity Errors.
2. Bit Count: -1 and +2 bits.

3. Bi-phase Encoding, both high and low. The capability to specify the bit
of the bi-phase error is also necessary.

4. Sync errors:
Command words: 111100, 110000, 111001, 011000, 000111
Data words: 000011, 001111, 000110, 100111, 111000.

5. Contiguous data error between command and data words and between two data
words of 4.0uS.

6. Word count: Receive message: +1 data word; Transmit message: + 1 data
word.

TEST PLAN PARAGRAPH: 5.2.2.1 DUAL REDUNDANT OPERATION

PURPOSE: This test ensures proper UUT operation when used in a dual standby
redundant configuration.

1553 PARAGRAPH: 4.6.3, 4.6.3.1, 4.6.3.2

COMMENTARY: The Dual Redundant Operation test is included in the Production Test
Plan to verify that the UUT responds properly when configured with dual standby
redundant buses. Specifically, the UUT can properly process overlapping commands.
The test is performed with a fixed delay time between the original command and the
interrupting command. This was written this way to minimize test time.
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INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.2 MODE COMMANDS

PURPOSE: This section ensures that the UUT responds to mode commands as defined
by MIL-STD-1553. Note that the information content of the data word associated
with some mode commands and the action taken by the UUT in response is application
dependent, and is therefore not checked by these tests.

1553 PARAGRAPH: 4.3.3.5.1.7

COMMENTARY: The mission aspects (data word specific implementation) of the mode
commands are not included as part of these tests. The reason this was excluded is
because it is not reasonable to expect that the test plan can predict, beyond that
which is defined in MIL-STD-1553, the exact mission specific action taken by the
UUT after receipt of a mode command. For example, the data word transmitted as a
result of a Transmit Vector Word mode command may be different for different RTs.
Also, the reaction to a Reset Remote Terminal or Initiate Self-Test mode command
will probably be different for different RTs. However, it is expected that the
test facility perform tests pertaining to the mission aspects of mode commands to
ensure that the UUT meets the requirements of the equipment specification. It is
recommended that, if the UUT utilizes timers or clock periods to accomplish the
functional aspects of the mode command, these periods be tested to designed
limits.

The following is a cross reference of MIL-STD-1553 mode commands to the
appropriate test paragraphs.

MIL-STD-1553

TEST PLAN PARAGRAPH TITLE ' PARAGRAPH
5.2.2.2.1 DYNAMIC BUS CONTROL 4.3.3.5.1.7.1
5.2.2.2.2.1 SYNCHRONIZE (WITHOUT DATA WORD) 4.3.3.5.1.7.2
5.2.2.2.2.2 SYNCHRONIZE (WITH DATA WORD) 4.3.3.5.1.7.1.2

* 5.2.2.2.3 TRANSMIT STATUS WORD 4.3.3.5.1.7.3

*x xkxkx § 2 2.2 4 INITIATE SELF TEST 4.3.3.5.1.7.4
5.2.2.2.5 TRANSMIT BIT WORD 4.3.3.5.1.7.14
5.2.2.2.6.1 DUAL REDUNDANT SHUTDOWNS AND OVERRIDES 4.3.3.5.1.7.5

4.3.3.5.1.7.6

**% §.2.2.2.6.2 SELECTIVE TRANSMITTER SHUTDOWNS AND 4.3.3.5.1.7.15
OVERRIDE 4.3.3.5.1.7.16

*xkk §.2.2.2.7 TERMINAL FLAG BIT INHIBIT AND OVERRIDE 4.3.3.5.1.7.7
4.3.3.5.1.7.8

*x*%% §.2.2.2.8 RESET REMOTE TERMINAL 4.3.3.5.1.7.9
5.2.2.2.9 TRANSMIT VECTOR WORD 4.3.3.5.1.7.11
5.2.2.2.10 TRANSMIT LAST COMMAND 4.3.3.5.1.7.13
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* Step 3 of this test verifies that the UUT has recognized the associated
command word to be valid and the data word is not valid. This is implied
in the proper response to Step 3. Step 4 is a repeat of Step 3 to ensure
that the contents of the status register were not altered. Step 5 ensures
that the status register is reset upon the receipt of the valid legal
command.

*x For ease of testing and reduction of test time, this test can be combined
with the next test, Transmit BIT Word. Generally, the Initiate Self-Test
mode command will cause the UUT to perform a predefined self-test. The
results of this test are then stored in a register or RAM. This informa-
tion may be transmitted to the BC as the data word of a Transmit BIT Word
mode command in some designs.

*** Bit times 9 and 15 - 19 = 0 10100. Selected Transmitter Shutdown is used
in Step 3 of the test sequence. Bit times 9 and 15 - 19 = 0 10101,
Override Selected Transmitter Shutdown is used in Steps 6 and 8. These
commands require that the associated data words contain the data pattern
which cause the predefined alternate bus transmitters to either be shut
down or have that shutdown be overridden. Transmitters on other buses not
defined in the associated data word shall not be effected.

**x%% Step 2 of this test uses the phrase "Introduce a condition which will set
the Terminal Flag." It is written this way to allow for the differences in
designs for the setting and resetting of the Terminal Flag (TF) bit. For

" example, some UUTs may require a forced Built-in-Test failure during a
status transmission for the setting of the TF bit in subsequent commands.
If this is the case, then Step 2 of the test sequence will contain two
commands: the first to begin the short loop failures and the second to
report the short loop failures by setting the TF bit. The same philosophy
gs indicated in Step 7; only this case is associated with resetting the TF
it.

**%** These commands may cause the UUT to be off-line for an extended period of

time. One should consider these commands and generate test code such that
the effects of receiving these commands are predictable.

INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.3  STATUS WORD

To verify that implemented status bits are properly set and cleared.

1553 PARAGRAPH: 4.3.3.5.3

COMMENTARY: This section is designed to exercise the status word bits of the UUT.
In most cases, the expression "perform procedures which cause the status word bit

under test to be set" is used to allow for the different methods of setting bits
for different RTs. In other words, it is permissible to utilize
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additional commands to condition the UUT to set and reset status bits. For
example, the testing of the Terminal Flag bit may require commands be sent to the
UUT to control simulated short loop failures which set and reset the Terminal Flag
bit.

The following is a cross reference of MIL-STD-1553 status bits to the appropriate
test plan paragraph.

MIL-STD-1553

TEST PLAN PARAGRAPH TITLE PARAGRAPH
5.2.2.3.1 SERVICE REQUEST 4.3.3.5.3.5
5.2.2.3.2 BROADCAST COMMAND RECEIVED 4.3.3.5.3.7
5.2.2.3.3 BUSY 4.3.3.5.3.8
5.2.2.3.4 SUBSYSTEM FLAG 4.3.3.5.3.9
5.2.2.3.5 TERMINAL FLAG 4.3.3.4.3.11

INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.4 BROADCAST MESSAGES

PURPOSE: This major paragraph introduces the broadcast messages section.

1553 PARAGRAPH: 4.3.3.6.7, 4.3.3.6.7.1, 4.3.3.6.7.2, 4.3.3.6.7.3, 4.3.3.6.7.4
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
TEST PLAN PARAGRAPH: 5.2.2.4.1 RESPONSE TO BROADCAST COMMANDS

PURPOSE: This paragraph discusses the three categories of broadcast commands to
be used in the subsequent test paragraphs. Also found in this paragraph is the
test sequence.

1553 PARAGRAPH: 4.3.3.6.7, 4.3.3.6.7.1, 4.3.3.6.7.2, 4.3.3.6.7.3, 4.3.3.6.7.4
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.4.1.1 BC-to-RT BROADCAST COMMANDS

PURPOSE: To verify proper UUT responses to all non-mode, BC-to-RT Broadcast
commands.

1553 PARAGRAPH: 4.3.3.6.7.1
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
TEST PLAN PARAGRAPH: 5.2.2.4.1.2 BROADCAST MODE COMMANDS
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PURPOSE: This paragraph introduces the subparagraphs for Broadcast Mode Commands.
1553 PARAGRAPH: 4.3.3.6.7.3, 4.3.3.6.7.4

COMMENTARY: The mission aspects of the Broadcast Mode Commands are not included
as part of these tests. The reason this was excluded is because it is not
reasonable to expect that the test plan can predict, beyond that which is defined
in MIL-STD-1553, the exact mission specific action taken by the UUT after receipt
of a broadcast mode command. For example, the reaction to a Broadcast Reset
Remote Terminal or Broadcast Initiate Self-Test mode command will probably be
different for different RTs. However, it is expected that the test facility
perform tests pertaining to the mission aspects of mode commands to ensure that
the UUT meets the requirements of the equipment specification. It is recommended
that if the UUT utilizes timers or clock periods to accomplish the functional
aspects of the mode command, these periods be tested to designed limits.

The following is a cross reference of MIL-STD-1553 Broadcast Mode Commands
and the corresponding test plan paragraphs.

MIL-STD-1553

TEST PLAN PARAGRAPH TITLE PARAGRAPH
5.2.2.4.1.2.1 BROADCAST SYNCHRONIZE (WITHOUT DATA 4.3.3.6.7.3
WORD) 4.3.3.5.1.7.2
5.2.2.4.1.2.2 BROADCAST SYNCHRONIZE (WITH DATA 4.3.3.6.7.4
WORD) 4.3.3.5.1.7.12
*5.2.2.4.1.2.3 BROADCAST INITIATE SELF TEST 4.3.3.6.7.3
4.3.3.5.1.7.4
5.2.2.4.1.2.4.1 BROADCAST DUAL REDUNDANT SHUTDOWN 4.3.3.6.7.3
AND OVERRIDES 4.3.3.5.1.7.5
4.3.3.5.1.7.6
5.2.2.4.1.2.4.2 BROADCAST SELECTIVE BUS SHUTDOWN 4.3.3.6.7.4
AND OVERRIDES 4.3.3.5.1.7.15
4.3.3.5.1.7.16
*%5.2.2.4.1.2.5 BROADCAST TERMINAL FLAG BIT INHIBIT 4.3.3.6.7.3
AND OVERRIDE 4.3.3.5.1.7.7
4.3.3.5.1.7.8
*5.2.2.4.1.2.6 BROADCAST RESET REMOTE TERMINAL 4.3.3.6.7.3
4.3.3.5.1.7.9
* These commands may cause the UUT to be off-line for an extended period of

time. One should consider these commands and generate test code such that
the effects of receiving these commands are predictable.

ool Bit times 4 - 9 and 15 - 19 = 11111 1 00110 for Step 3. Bit times 4 - 9
and 15 - 19 = 11111 1 00111 for Step 6. A clarification of the wording in
the last sentence of Step 4 is required. It should read a response
followed by a data word containing the last command (command word from Step
3) shall be verified.
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INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.4.1.3 RT-to-RT BROADCAST COMMANDS

PURPOSE: This test ensures that the UUT can properly participate in an RT-to-RT
Broadcast command.

1553 PARAGRAPH: 4.3.3.6.7.2
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.5.1 RT-to-RT TRANSMIT

PURPOSE: This test verifies that the UUT can properly participate as the
transmitting RT in an RT-to-RT transfer.

1553 PARAGRAPH: 4.3.3.6.3
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.5.2 RT-to-RT RECEIVE

PURPOSE: To verify proper UUT operation while being the receiving RT in an RT-to-
RT transfer.

1553 PARAGRAPH: 4.3.3.6.3
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.5.3  RT-to-RT TIMEOUT

PURPOSE: To ensure that the UUT Receiver/Decoder "times out" during RT-to-RT
transfers where the transmitting RT’s response is delayed.

1553 PARAGRAPH: 4.3.3.6.3, 30.9

COMMENTARY: The TPTG decided that the RT-to-RT Timeout requirement is implied in
MIL-STD-1553B and, therefore it is included in the Production Test Plan. Notice 2
to MIL-STD-1553B made this requirement explicit. This is the only test performed
to ensure that an RT times out within the period specified. The timeout discussed
here is not the Terminal Fail-Safe Timer, required in 1553, paragraph 4.4.1.3.
This is a timer function required, similar to a "no response timer", to disable
the RT decoding circuitry in the event of a delayed response by the transmitting
RT in an RT-to-RT transfer. RT’s which do not operate within these guidelines
compromise reliable system performance.

Documents

Document Sharing Hub

Full document details: SAE AIR4295A


http://www.avadocuments.com/doc/sae-air4295a
http://www.avadocuments.com/doc/sae-air4295a

SAE INTERNATIONAL AIR4295™A Page 19 of 83

INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: 5.2.2.6 ILLEGAL COMMANDS
PURPOSE: To verify proper UUT responses to illegal commands
1553 PARAGRAPH: 4.4.3.4

COMMENTARY: Steps 1 thru 4 test every combination of subaddress, receive-
transmit, and word count fields, ensuring a complete test of all legal and illegal
commands. Interspersed between each command is a known valid command to ensure
that the Message Error (ME) bit in the status word is reset. Step 5 tests that
the UUT checks validity first, not illegality of a command. Step 6 ensures that
the invalid data word was in fact detected and reported. Steps 8 and 9 repeat the
process for an invalid command, with the UUT ensuring that the invalid word was in
fact detected, and in the status word of Step 9, there should be no ME indication.
Finally, Steps 11 and 12 check all mode code combinations.

With the testing of all combinations of subaddress and mode command codes, the
word count (5.2.1.2) and subaddress (5.2.1.3) tests are done as part of this test
and, therefore, are not required to be run separately when this test is
implemented.

INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: Al  UNIQUE ADDRESS

PURPOSE: To verify that the UUT can assign a unique address, and that the UUT does

not respond to commands when a single point failure is introduced into the RT

address assignment mechanism.

1553 PARAGRAPH: 30.3

INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: A2 MODE CODES

PURPOSE: This paragraph requires the testing of the listed paragraphs
2

Transmit Status, 5.2.2.2.6 Transmitter Shutdown and Override, and 5.2.
Remote Terminal.

, 5.2.2.2.3
2.2.8 Reset

1553 PARAGRAPH: 30.4.2.1
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
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TEST PLAN PARAGRAPH: A3  RESET REMOTE TERMINAL

PURPOSE: To verify that the UUT recognizes the Reset Remote Terminal mode command
and resets itself within its designed limits.

1553 PARAGRAPH: 30.4.3

COMMENTARY: The TPTG felt that testing the UUT to the designed reset time (T,,)
was important. MIL-STD-1553B, Notice 2, paragraph 30.4.3 specifies that the UUT
must reset in < 5ms. The last sentence of the introduction paragraph of the test
plan ensures that this is accomplished . However, testing at 5ms only is not
sufficient for UUTs with a T, of (for example) 100usec. The UUT must be tested
to within its designed 1imits to ensure proper operation.

INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
TEST PLAN PARAGRAPH: A4 INITIATE SELF TEST

PURPOSE: To ensure that the UUT, upon command, initiates its self-test function
within its designed time 1imits.

1553 PARAGRAPH: 30.4.3

COMMENTARY: The same philosophy stated for Reset Remote Terminal applies to this
paragraph. Even though the standard allows for up to 100ms for self-test, the UUT
must be tested to its designed limits (T..) to ensure proper operation.
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: A5 POWER ON RESPONSE

PURPOSE: This test verifies that the UUT transmits valid responses throughout its
power-up cycle.

1553 PARAGRAPH: 30.5.1
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
TEST PLAN PARAGRAPH: A6 DATA WRAPAROUND

PURPOSE: This test verifies that the UUT properly implements the data wrap-around
capability.
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1553 PARAGRAPH: 30.7

COMMENTARY: The pass criteria for Step 2 includes CS. CS, defined in paragraph
3.1.3 of the test plan, allows the busy bit to be set. Thus, per MIL-STD-1553,
paragraph 4.3.3.5.3.8, there would be no ensuing data words. This, seemingly,
defeats the purpose of the test. However, for the purpose of this test, the busy
bit must be reset. It is recommended that the busy condition be inhibited or
defeated, if possible. If not, the test equipment may "retry" until the busy
condition relents.

INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.
TEST PLAN PARAGRAPH: A7 RT to RT VALIDATION

PURPOSE: This paragraph causes the Transmit Status Word mode command, a
requirement of Notice 2, to be included in the RT-to-RT Test, 5.2.2.5.3.

1553 PARAGRAPH: 30.9
INSTRUMENTATION: See information under 5.2 PROTOCOL TESTS of the Test Plan.

TEST PLAN PARAGRAPH: A8  CONNECTOR POLARITY

PURPOSE: To ensure that the connector wiring has been implemented correctly:
center pin for (Positive) Manchester signal; the inner ring for low (Negative)
Manchester signal.

1553 PARAGRAPH: 30.10.3

COMMENTARY: Ensure that the correct polarity has been implemented for the
connector wiring.
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CHAPTER 3

AS4113 VALIDATION TEST PLAN FOR THE AIRCRAFT TIME DIVISION COMMAND/RESPONSE
MULTIPLEX DATA BUS BUS CONTROLLERS.

AS4114 PRODUCTION TEST PLAN FOR THE AIRCRAFT TIME DIVISION COMMAND/RESPONSE
MULTIPLEX DATA BUS BUS CONTROLLERS.

INTRODUCTION:

The methods for testing BCs are different from RT testing. With RTs, conformance
to the requirements of MIL-STD-1553 is evaluated only by examining the responses
seen on the data bus. To evaluate the performance of a BC, however, it is
necessary to determine the internal response of the BC to conditions on the data
bus. This may require access to the subsystem interface and intrusion into the BC
box if no special test connectors are provided. In addition, existing BC system
software may be incompatible with this Test Plan and test-specific software may be
required. If the BC is a programmable terminal that can be configured as a BC or
an RT, one may choose to test the UUT as an RT for Electrical and Noise Rejection
requirements.

This chapter pertains to both BC test plans, validation and production. The
paragraphs are listed for BC VAL, for AS4113; and BC PRO, for AS4114.

GENERAL INSTRUMENTATION NEEDS:
Most of the tests written in these two Test Plans require a valid RT response be
sent to the UUT. This requirement imposes the use of a controllable MIL-STD-1553
waveform generator. This device must perform the following tasks:
1. Capable of generating valid MIL-STD-1553 waveforms and respond as an RT
to valid 1553 commands, as required, as well as invalid waveforms with
injected errors.

2. Provide amplitude variations from 0.1V, to 6.0V into 700, and 0.2V, to
9.0V, into 35Q.

3. Programmable for zero crossing distortion to + 200ns on any edge
specified with 3ns resolution or better.

4. Provides rise and fall times of a trapezoidal waveform of less than or
equal to 100ns.

Note that the intent of this handbook is to provide minimum test hardware
requirements and not to discuss all of the various implementations available.
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TEST PLAN PARAGRAPH: 4.1 GENERAL MONITORING REQUIREMENTS
PURPOSE: This paragraph is added to establish monitoring criteria.
1553 PARAGRAPH: See Below.

COMMENTARY: It is intended that the parameters listed be monitored constantly
during testing. This implies that a bus monitor function is required and must be
capable of verifying certain timing events, word formats, and protocol responses.
The test device monitoring the 1553 bus may also be used for tests requiring RT
responses. This reduces the hardware required in the set up. This device must be
capable of interpreting MIL-STD-1553 activity and detecting when a device under
test operates outside the boundaries defined for the parameters listed.

INSTRUMENTATION: The instrumentation selected must be capable of monitoring MIL-
STD-1553 signals. It should be capable of verifying timing events, protocol
errors, and word formats specified in MIL-STD-1553. The required monitoring
requirements and the 1553 paragraphs are listed below.

1) contiguous data - 1553 para. 4.4.1.2 - "DATA CONTINUITY"

1553 states that all data shall be contiguous, but does not set an actual limit.
The monitor used for validation testing should be able to detect discontinuities
of 2.5usec. Monitoring the UUT for no discontiguity is ideal; however, it is felt
that the 2.5us figure (or 1imit) imposed is reasonable (2.5us as measured in
Figure 1 at the end of this document).

2) proper Manchester encoding - 1553 para. 4.3.3 - "TRANSMISSION METHOD"

The monitor used in this function must be able to detect and flag 1553 words with
missing transitions. This applies for any edge in any word on the 1553 bus.

3) proper bit count - 1553 para. 4.3.3.4 - "WORD SIZE"

The monitor should flag any 1553 words which contain the wrong number of bits.
Most available decoders can detect missing bits anywhere in a 1553 message. Also,
most decoders can detect extra bits anywhere in the message except the last word.
It is generally considered that terminals cannot pass noise (1553 para. 4.5.2.1.4)
and detect extra bits at the end of a transmission. The monitor used in
validation testing need not pass the rigors of 1553 noise rejection. This means
that the optimum monitor would be one which can detect and flag extra bits in a
1553 word, no matter where they occur in the message.

4) odd parity - 1553 para. 4.3.3.5.1.6 - "PARITY"

The bus monitor function in the test environment must be able to detect and flag
1553 words on the data bus whose bit time 20, parity bit, is not the proper phase
to indicate odd parity.

5) proper word count - 1553 para. 4.3.3.5.1.5 - "DATA WORD COUNT/MODE FIELD"

The monitor needs to be cognizant of the word count in the commands and verify
proper UUT operation.
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6) proper intermessage gap times - 1553 para. 4.3.3.7 - "INTERMESSAGE GAP"
The monitor must be capable of detecting the time between the BC’s initiation of a
new message and the end of the preceding message, and flagging gap times of less
than 4.0us.

7) proper sync. - 1553 para. 4.3.3.5.1.1 - "SYNC" command words - 1553
para. 4.3.3.5.2.1 - "SYNC" data words

A1l sync fields of all words transmitted by the UUT must be examined for the
proper sync waveform.

8) proper CMS transmission - 1553 para. 4.3.3.5.1 - "COMMAND WORD" -1553
para. 4.3.3.6 - "MESSAGE FORMATS"

The monitor must be able to decode the command word (or words) and determine that
the CMS is appropriate to the specific command word.

TEST PLAN PARAGRAPH: BC VAL., & BC PRO. 5.1.1.1 AMPLITUDE

PURPOSE: To ensure proper output amplitude (6 - 9V,) for direct- and (18 - 27V,)
for transformer-coupled stub connections.

1553 PARAGRAPH: 4.5.2.1.1.1

INSTRUMENTATION: A 50MHz (minimum) bandwidth scope is recommended so that the
1553 waveform may be viewed and measured.

TEST PLAN PARAGRAPH: BC VAL., & BC PRO. 5.1.1.2 RISE AND FALL TIME
PURPOSE: To test for rise and fall times of 100 to 300ns.
1553 PARAGRAPH: 4.5.2.2.1.2

INSTRUMENTATION: A 100MHz bandwidth scope is recommended so that the 1553
waveform may be viewed and measured.

TEST PLAN PARAGRAPH: BC VAL., & BC PRO. 5.1.1.3  ZERO CROSSING STABILITY

PURPOSE: To ensure that output zero crossing stability is within x25ns for zero
crossings of 500, 1,000, 1,500, and 2,000ns.
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1553 PARAGRAPH: 4.5.2.1.1.2
INSTRUMENTATION: To handle the + 25ns accuracy measurement, a 100MHz bandwidth

scope with a 5ns accuracy is recommended so that the 1553 waveform may be viewed
and measured.

TEST PLAN PARAGRAPH: BC VAL., & BC PRO. 5.1.1.4 DISTORTION, OVERSHOOT, AND
RINGING

PURPOSE: To verify that output waveform distortion, overshoot, and ringing does
not exceed +900mV for transformer-coupled stubs and £300mV for direct-coupled
stubs.

1553 PARAGRAPH: 4.5.2.1.1.2

INSTRUMENTATION: A 100MHz bandwidth scope is recommended so that the 1553
waveform may be viewed and measured.

TEST PLAN PARAGRAPH: BC VAL., & BC PRO. 5.1.1.5 OUTPUT SYMMETRY

PURPOSE: To verify that the output residual voltage is less than 250mV peak for
transformer-coupled stubs and less than 90mV peak for direct-coupled stubs.

1553 PARAGRAPH: 4.5.2.2.1.4
COMMENTARY: The six data word patterns used in this test are:

8000 (HEX), 7FFF (HEX), 0000 (HEX)
FFFF (hex), 5555 (hex), AAAA (HEX)

These data word patterns are obtained from 1553 paragraph 4.5.2.2.1.4. These
patterns are used because they represent the basic switching frequencies that the
transmitter circuitry must be able to support. For instance, the patterns of all
zeros (0000) and all Fs (FFFF) are 1MHz patterns. The 1MHz patterns are the
highest frequency achievable on the 1553 bus. Patterns of all 5s (5555) and all
As (AAAA) are equal to 500kHz. The patterns 7FFF and 8000 contain composites of
the lowest and highest switching frequencies possible on the 1553 bus. The
longest sustained high output occurs when the 8000 pattern is used with a data
sync. In this case, bit time 4 is a logical one. This, with the second half of a
data sync, causes a 2.0us sustained high pulse. Again this is followed by the
1IMHz switching pattern. These patterns do, in fact, provide a practical means to
demonstrate a transmitter’s capabilities. The use of alternating patterns such as
AAAA and 5555, or FFFF and 0000, ensures that both halves of the transmitter
output stages are operational and balanced (biased) properly. In other words,
that the positive and negative energy is equal and that an offset has not built up
during transmission.
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