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1.
Function of Equipment

The MIL‑STD‑1553 to ARINC 429 Converter (subsequently referred to as the converter) shall provide the necessary interface to permit communications between a Telephonics Microwave Scanning Beam Landing System (MSBLS) flight inspection receiver (FIR) and the FAA/Parker Automated Flight Inspection System (AFIS) Navigation Computer Unit (NCU).  The MSBLS FIR utilizes a dual-redundant MIL‑STD‑1553 input/output (I/O) bus architecture while AFIS utilizes ARINC 429.  Figure 1‑1 depicts this interface.
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Figure 1-1. Interface Diagram

2.
Referenced Documents

2.1
Document List

The following documents serve as part of this specification to the extent specified herein.

RTCA DO‑160D
Environmental Conditions and Test Procedures for Airborne Equipment, Rev. D, 7/29/97

RTCA DO‑178B
Software Considerations in Airborne Systems and Equipment Certification, Rev. B, 12/1/92

ARINC 429
Mark 33 Digital Information Transfer System (DITS); Part 1, Rev. 16, 9/27/01; Part 2, Rev. 15, 3/6/96; Part 3, Rev. 18, 10/12/01

ARINC 600
Air Transport Avionics Equipment Interfaces, Rev. 13, 3/30/01
MIL-STD-1553
Aircraft Internal Time Division Command/Response Multiplex Data Bus, Rev. B, 9/21/78

MIL‑C‑26482
Connector, Electrical (Circular, Miniature, Quick Disconnect, Environment Resisting) Receptacles and Plugs, General Specification for, Rev. G, 9/5/75

MIL-HDBK-217
Reliability Prediction of Electronic Equipment, Rev. F, 12/2/91

No Document No.
MSBLS Flight Inspection Receiver Operations and Maintenance Manual, no revision, no date

TIEO 95-E-57
Requirements for Manuals or Instruction Books, Rev. 2, 9/15/98

2.2
Sources of Documents

a.
RTCA Documents

The contractor shall be responsible for obtaining all RTCA documents.  RTCA documents can be obtained from:

RTCA, Inc.
1828 L Street, NW
Suite 805
Washington, DC 20036
Tel: 202-833-9339
Fax: 202-833-9434
http://www.rtca.org
b.
ARINC Documents

The contractor shall be responsible for obtaining all ARINC documents.  ARINC documents can be obtained from:

ARINC Incorporated
Document Section
2551 Riva Road
Annapolis, MD 21401-7465
410-266-4117
(M-F, 7am-5pm EST)
http://www.arinc.com
c.
Other Documents

The government shall provide copies of all other documents as requested by the contractor.  Due to the length of some documents, distribution may be limited to only the pertinent portions of the document.

3.
General Requirements

3.1
Functional Requirements

The converter shall convert MIL‑STD‑1553 data words to ARINC 429 data words, and vice versa, as specified in this document.  The converter shall serve as the MIL‑STD‑1553 bus controller (BC).

3.2
Physical Requirements

The converter shall be housed in a rectangular enclosure.  The enclosure’s dimensions shall not exceed:

· Width: 4.9 inches

· Height: 7.6 inches

· Depth: 10.0 inches

The converter shall contain three electrical connectors.  Two identical concentric Twinax connectors (Raychem D‑621‑0012 w/D‑602-0127 socket, or equivalent) shall be provided for the two MIL‑STD‑1553 data ports.  One additional electrical connector shall provide all remaining electrical connections.  This connector shall be a MIL‑C‑26482 type, or equivalent.

The converter shall be mountable using standard hold-down type fastener(s).  A mounting tray with hold-down fastener(s) shall be included with each converter.  Hold-down fastener(s) shall be captive, creating no loose parts with the equipment removed.

Alternate configurations, such as ARINC 600 enclosures and connectors, will be considered for acceptability.

If the converter weight exceeds 5 pounds, the converter shall have an integral handle for carrying.

3.3
Nameplate Data

A metal nameplate shall be affixed to the front of the converter.  The plate shall contain the following information.

· Manufacturer

· Title of Equipment: 1553/429 Converter

· Type Number: FA65.30A

· Serial Number

· Weight

· DO-160D Environmental Categories

The nameplate may also contain the manufacturer’s model and/or part number if so desired.  Serial numbers shall be contiguous, starting with 1001.

3.4
Electrical Power

The converter shall operate from 27.5 VDC (see DO‑160D requirements) and shall draw no more than 75 watts of power.

3.5
Memory

All memory shall be of the solid-state type; i.e. no floppy drives, hard disk drives, tape drives, etc.  The converter program shall reside in non-volatile memory.  Program memory integrated circuits shall be socketed unless remotely programmable.

A minimum of 25 percent of the non-volatile memory shall be unused, available for future expansion.  A minimum of 25 percent of any volatile memory shall be unused, available for future expansion.

3.6
Environmental Requirements

The converter shall operate within the DO‑160D environmental conditions specified in table 3‑1.

Table 3-1. DO-160D Requirements

DO-160D Section
Title
Requirement

4
Temperature and Altitude
Category A1

5
Temperature Variation
Category C

6
Humidity
Category A

7
Operational Shocks and Crash Safety
Category A

8
Vibration
Category S

15
Magnetic Effect
Class A

16
Power Input
Category A

17
Voltage Spike
Category B

19
Induced Signal Susceptibility
Category A

20
Radio Frequency Susceptibility
Categories UUU

21
Emission of Radio Frequency Energy
Category L

3.7
Reliability

The computed reliability over the service life of the converter shall be a minimum of 5,000 hours mean time between failure (MTBF).  The method of MIL‑HDBK‑217E, Section 5, may be used for predicting MTBF.  Historical data may also be used to predict MTBF.

3.8
Interchangeability

The converter shall be designed and manufactured to tolerances such that all parts and components are mechanically interchangeable among all converters.

3.9
Microprocessor Performance

a.
Throughput

While receiving ARINC 429 Tune and Test commands at the highest rate specified in 5.2, the converter shall complete all tasks required during the 1553 sequence (see figure 12-2) in no more than 50 percent of the 1553 sequence time interval.  For example, with a 1553 sequence time interval of 100 msec, the converter shall complete all the required tasks in 50 msec or less.  The remainder of the 100 msec interval would be spent handling any ARINC 429 receive port interrupts and waiting for the next 1553 sequence epoch to begin.

b.
Interrupt Handling

Once the converter has successfully passed power-up self-test, it shall complete the processing of each Tune and Test command within 25 msec of the data word being received at the ARINC 429 receive port.

3.10
MIL‑STD‑1553 Port Characteristics

Each of the two ports shall be compatible with transformer-coupled stubs.

3.11
Software Certification

All software (firmware) contained within the converter shall be developed and documented in accordance with DO‑178B.  The category of criticality shall be D.

4.
ARINC 429 Common Requirements

The following requirements apply to both the ARINC 429 input port and the ARINC 429 output port.

4.1
General Requirements

Hardware and protocol characteristics shall conform to ARINC 429.

4.2
Labels

Within this document, ARINC 429 labels shall be identified using octal numbers, the least significant bit corresponding to bit 8 of the data word. 

5.
ARINC 429 Receive Port Requirements

5.1
Bit Rate

The ARINC 429 receive port shall be low speed per ARINC 429.

5.2
Data Word Rates

The converter shall accept and process input data received within the rates specified in table 5‑1.

Table 5-1. ARINC 429 Input Data Word Rates

Label
Description
Word Class.
Transmit Interval
(msec)




Min
Max

036
MSBLS Tune and Test
BCD
100
N/A

Although MSBLS Tune and Test words may be continuously transmitted, they also may be transmitted only when needed to retune the MSBLS or activate/deactivate MSBLS functional test.

5.3
Parity and Word Length

Data words shall be encoded using odd parity in accordance with ARINC 429.  Any words containing even parity shall be ignored.  Data words having other than 32 bits shall be ignored.

5.4
Pad Bits

All pad bits shall be ignored.

5.5
Input Data Word 036

Word 036 shall contain tuning and test instructions as described below.

a.
Classification

The word shall be classified and coded as a binary coded decimal (BCD) data word, as defined in ARINC 429.

b.
Source Destination Indicator (SDI)

Bits 10 and 9 shall be identified as SDI bits per ARINC 429.  The converter shall ignore these two bits.

c.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a BCD word in accordance with ARINC 429.  The converter shall interpret the SSM as indicated in table 5‑2.

Table 5-2. SSM Truth Table for Word 036

Bit No.
Meaning

31
30


0
0
Normal

0
1
No Computed Data

1
0
MSBLS Test Request

1
1
Undefined

MSBLS Test Request shall become active/inactive based upon the state of the SSM.  With bits 31 and 30 equal to logic one and zero, respectively, MSBLS Test Request shall become active; with both bits equal to logic zero, MSBLS Test Request shall become inactive.

All Tune and Test words containing bit 30 equal to logic one shall be ignored (see additional acceptance criteria in 5.5d below).

d.
Data Bits

Data bits shall be encoded as illustrated in figure 5‑1.

Figure 5-1.  Word 036 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

PAD
PAD
PAD
PAD
REQ CHANNEL 40’s
REQ CHANNEL 20’s
REQ CHANNEL 10’s
REQ CHANNEL 8’s
REQ CHANNEL 4’s
REQ CHANNEL 2’s
REQ CHANNEL 1’s
PAD
PAD
PAD
PAD
PAD
PAD
PAD
TEST ABORT

Requested MSBLS Channel shall be encoded in BCD; the acceptable range of values shall be 0 to 63.  Words having values outside this range or containing invalid BCD values shall be ignored.

MSBLS Test Abort shall become active/inactive based on the state of bit 11.  Logic one shall represent MSBLS Test Abort active.

6.
ARINC 429 Transmit Port Requirements

6.1
Bit Rate

The ARINC 429 transmit port shall be low speed per ARINC 429.

6.2
Data Word Rates

The converter shall create and transmit data within the rates specified in table 6‑1.

6.3
Parity

Data words shall be encoded using odd parity in accordance with ARINC 429.

6.4
Source-Destination Indicator (SDI)

Bits 10 and 9 shall be identified as SDI bits per ARINC 429.  The converter shall set these two bits equal to logic zeroes.

Table 6-1. ARINC 429 Output Data Word Rates

Label
Description
Word Class.
Transmit Interval
(msec)




Min
Max

036
Echo Tune
BCD
See Note 1 below

164
Elevation Angle
BNR


160
Elevation Compute Delay
BNR


165
Azimuth Angle
BNR


161
Azimuth Compute Delay
BNR


202
Distance
BNR


162
Distance Compute Delay
BNR


150
Elevation AGC Voltage
BNR


151
Azimuth AGC Voltage
BNR


152
Distance AGC Voltage
BNR


153
Squitter AGC Voltage
BNR


154
Elevation Signal Characteristics
BNR


155
Azimuth Signal Characteristics
BNR


156
Distance Signal Characteristics
BNR


163
System Time
BNR


270
MSBLS Status
Discrete


350
Converter Status
Discrete
900
1100

351
Converter Firmware Status
Discrete
900
1100

Note 1: These data words shall be transmitted in the order listed in table 6‑1.  They shall be transmitted synchronously and at the same rate as data retrieval from the MSBLS via the MIL‑STD‑1553 data bus (see figure 12‑2).

6.5
Sign-Status Matrix (SSM)

Encoding of SSM is dependent on word classification.  Table 6‑1 provides the classification (binary, BCD, or discrete) for each of the ARINC 429 output words.

a.
MSBLS State Definitions

The converter shall use the MSBLS state definitions to determine SSM state.  These definitions are provided in section 10 of this specification.

b.
BCD Data Words

Bits 31 and 30 shall be encoded in accordance with table 6‑2.

Table 6-2. SSM Truth Table for BCD Data Words

Priority
Bit No.
Meaning


31
30


1
0
1
No Computed Data (NCD)

2
1
0
Test

3
0
0
Normal

-
1
1
Not Used

SSM shall be set to the NCD state whenever MSBLS Fail = True OR MSBLS Initializing = True.

SSM shall be set to the Test state whenever MSBLS Test = True.

SSM shall be set to the Normal state whenever neither of the above conditions is met.

c.
Binary Data Words

Bits 31 and 30 shall be encoded in accordance with table 6‑3.

Table 6-3. SSM Truth Table for Binary Data Words

Priority
Bit No.
Meaning


31
30


1
0
0
Failure Warning

2
0
1
No Computed Data (NCD)

3
1
0
Test

4
1
1
Normal

SSM shall be set to the Failure Warning state whenever MSBLS Fail = True.

SSM shall be set to the NCD state whenever MSBLS Initializing = True OR word-specific invalid condition exists.  See individual data word specifications within this document.

SSM shall be set to the Test state whenever MSBLS Test = True.

SSM shall be set to the Normal state whenever none of the above conditions is met.

d.
Discrete Data Words

Bits 31 and 30 shall be encoded in accordance with table 6‑4.

Table 6-4. SSM Truth Table for Discrete Data Words

Priority
Bit No.
Meaning


31
30


1
1
1
Failure Warning

2
0
1
No Computed Data (NCD)

3
1
0
Test

4
0
0
Normal

Reference individual word specifications for criteria.

6.6
Application-Specific Data Formats

In most cases, data bit assignments (bits 29 through 11) shall not be identical to existing assignments found in ARINC 429.

6.7
Pad Bits

The converter shall set all pad bits equal to logic zero.

6.8
ARINC 429 Output Data Word 036 (Echo Tune)

Word 036 shall contain echo tuning information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a BCD word per table 6‑2.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑1.

Figure 6-1.  ARINC 429 Word 036 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

PAD
PAD
PAD
PAD
ECHO CHANNEL 40’s
ECHO CHANNEL 20’s
ECHO CHANNEL 10’s
ECHO CHANNEL 8’s
ECHO CHANNEL 4’s
ECHO CHANNEL 2’s
ECHO CHANNEL 1’s
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD

MSBLS Echo Channel shall be encoded in BCD.  Value shall be obtained from MSBLS FSW Word 7 and converted to BCD.

6.9
ARINC 429 Output Data Word 164 (Elevation Angle)

Word 164 shall contain elevation angle information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True OR MSBLS FSW Word 1 Elevation Validity = 0.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑2.

Figure 6-2.  ARINC 429 Word 164 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

EL ANGLE – BIT 15 
EL ANGLE – BIT 14
EL ANGLE – BIT 13
EL ANGLE – BIT 12
EL ANGLE – BIT 11
EL ANGLE – BIT 10
EL ANGLE – BIT 9
EL ANGLE – BIT 8
EL ANGLE – BIT 7
EL ANGLE – BIT 6
EL ANGLE – BIT 5
EL ANGLE – BIT 4
EL ANGLE – BIT 3
EL ANGLE – BIT 2
EL ANGLE – BIT 1
EL ANGLE – BIT 0
PAD
EL REFRESH CNT – BIT 1
EL REFRESH CNT – BIT 0

Elevation angle shall be encoded in two’s complementary binary format with LSB = 10-4 radians.  Value shall be obtained from MSBLS FSW Word 2.

Elevation Refresh Count shall be encoded with value obtained from MSBLS FSW Word 1.

6.10
ARINC 429 Output Data Word 165 (Azimuth Angle)

Word 165 shall contain azimuth angle information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True OR MSBLS FSW Word 1 Azimuth Validity = 0.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑3.

Figure 6-3. ARINC 429 Word 165 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

AZ ANGLE – BIT 15 
AZ ANGLE – BIT 14
AZ ANGLE – BIT 13
AZ ANGLE – BIT 12
AZ ANGLE – BIT 11
AZ ANGLE – BIT 10
AZ ANGLE – BIT 9
AZ ANGLE – BIT 8
AZ ANGLE – BIT 7
AZ ANGLE – BIT 6
AZ ANGLE – BIT 5
AZ ANGLE – BIT 4
AZ ANGLE – BIT 3
AZ ANGLE – BIT 2
AZ ANGLE – BIT 1
AZ ANGLE – BIT 0
PAD
AZ REFRESH CNT – BIT 1
AZ REFRESH CNT – BIT 0

Azimuth angle shall be encoded in two’s complementary binary format with LSB = 10-4 radians.  Value shall be obtained from MSBLS FSW Word 3.

Azimuth Refresh Count shall be encoded with value obtained from MSBLS FSW Word 1.

6.11
ARINC 429 Output Data Word 202 (Distance)

Word 202 shall contain distance information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True OR MSBLS FSW Word 1 Distance Validity = 0.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑4.

Figure 6-4. ARINC 429 Word 202 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
DISTANCE – BIT 15 
DISTANCE – BIT 14
DISTANCE – BIT 13
DISTANCE – BIT 12
DISTANCE – BIT 11
DISTANCE – BIT 10
DISTANCE – BIT 9
DISTANCE – BIT 8
DISTANCE – BIT 7
DISTANCE – BIT 6
DISTANCE – BIT 5
DISTANCE – BIT 4
DISTANCE – BIT 3
DISTANCE – BIT 2
DISTANCE – BIT 1
DISTANCE – BIT 0
DIST REFRESH CNT – BIT 1
DIST REFRESH CNT – BIT 0

Distance (slant range) shall be encoded in unsigned binary format with LSB = 3.8420 ft.  Value shall be obtained from MSBLS FSW Word 4.  Data word bit 29 shall be set to logic zero.

Distance Refresh Count shall be encoded with value obtained from MSBLS FSW Word 1.

6.12
ARINC 429 Output Data Word 160 (Elevation Compute Delay)

Word 160 shall contain elevation compute time delay as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True OR MSBLS FSW Word 1 Elevation Validity = 0.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑5.

Figure 6-5.  ARINC 429 Word 160 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
EL DELAY – BIT 14
EL DELAY – BIT 13
EL DELAY – BIT 12
EL DELAY – BIT 11
EL DELAY – BIT 10
EL DELAY – BIT 9
EL DELAY – BIT 8
EL DELAY – BIT 7
EL DELAY – BIT 6
EL DELAY – BIT 5
EL DELAY – BIT 4
EL DELAY – BIT 3
EL DELAY – BIT 2
EL DELAY – BIT 1
EL DELAY – BIT 0
PAD
PAD
PAD

The time delay of occurrence of elevation beam referenced to external 1 PPS timing signal shall be encoded in unsigned binary format with LSB = 32 usec.  Value shall be obtained from MSBLS FSW Word 14.  Data word bit 29 shall be set to logic zero.
6.13
ARINC 429 Output Data Word 161 (Azimuth Compute Delay)

Word 161 shall contain azimuth compute time delay as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True OR MSBLS FSW Word 1 Azimuth Validity = 0.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑6.

Figure 6-6.  ARINC 429 Word 161 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
AZ DELAY – BIT 14
AZ DELAY – BIT 13
AZ DELAY – BIT 12
AZ DELAY – BIT 11
AZ DELAY – BIT 10
AZ DELAY – BIT 9
AZ DELAY – BIT 8
AZ DELAY – BIT 7
AZ DELAY – BIT 6
AZ DELAY – BIT 5
AZ DELAY – BIT 4
AZ DELAY – BIT 3
AZ DELAY – BIT 2
AZ DELAY – BIT 1
AZ DELAY – BIT 0
PAD
PAD
PAD

The time delay of occurrence of azimuth beam referenced to external 1 PPS timing signal shall be encoded in unsigned binary format with LSB = 32 usec.  Value shall be obtained from MSBLS FSW Word 15.  Data word bit 29 shall be set to logic zero.
6.14
ARINC 429 Output Data Word 162 (Distance Compute Delay)

Word 162 shall contain distance compute time delay as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True OR MSBLS FSW Word 1 Distance Validity = 0.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑7.

Figure 6-7. ARINC 429 Word 162 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
DIST DELAY – BIT 14
DIST DELAY – BIT 13
DIST DELAY – BIT 12
DIST DELAY – BIT 11
DIST DELAY – BIT 10
DIST DELAY – BIT 9
DIST DELAY – BIT 8
DIST DELAY – BIT 7
DIST DELAY – BIT 6
DIST DELAY – BIT 5
DIST DELAY – BIT 4
DIST DELAY – BIT 3
DIST DELAY – BIT 2
DIST DELAY – BIT 1
DIST DELAY – BIT 0
PAD
PAD
PAD

The time delay of end of distance cycle referenced to external 1 PPS timing signal shall be encoded in unsigned binary format with LSB = 32 usec.  Value shall be obtained from MSBLS FSW Word 16.  Data word bit 29 shall be set to logic zero.
6.15
ARINC 429 Output Data Word 150 (Elevation AGC Voltage)

Word 150 shall contain elevation AGC voltage information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True.  MSBLS FSW Word 1 Elevation Validity shall not affect the SSM of this word.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑8.

Figure 6-8.  ARINC 429 Word 150 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
EL AGC – BIT 11
EL AGC – BIT 10
EL AGC – BIT 9
EL AGC – BIT 8
EL AGC – BIT 7
EL AGC – BIT 6
EL AGC – BIT 5
EL AGC – BIT 4
EL AGC – BIT 3
EL AGC – BIT 2
EL AGC – BIT 1
EL AGC – BIT 0
PAD
PAD
PAD
PAD
PAD
PAD

Elevation AGC voltage shall be encoded in unsigned binary format with LSB = 10/2048 volts.  Value shall be obtained from MSBLS FSW Word 8.  Data word bit 29 shall be set to logic zero.

6.16
ARINC 429 Output Data Word 151 (Azimuth AGC Voltage)

Word 151 shall contain azimuth AGC voltage information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True.  MSBLS FSW Word 1 Azimuth Validity shall not affect the SSM of this word.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑9.

Figure 6-9.  ARINC 429 Word 151 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
AZ AGC – BIT 11
AZ AGC – BIT 10
AZ AGC – BIT 9
AZ AGC – BIT 8
AZ AGC – BIT 7
AZ AGC – BIT 6
AZ AGC – BIT 5
AZ AGC – BIT 4
AZ AGC – BIT 3
AZ AGC – BIT 2
AZ AGC – BIT 1
AZ AGC – BIT 0
PAD
PAD
PAD
PAD
PAD
PAD

Azimuth AGC voltage shall be encoded in unsigned binary format with LSB = 10/2048 volts.  Value shall be obtained from MSBLS FSW Word 9.  Data word bit 29 shall be set to logic zero.

6.17
ARINC 429 Output Data Word 152 (Distance AGC Voltage)

Word 152 shall contain distance AGC voltage information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True.  MSBLS FSW Word 1 Distance Validity shall not affect the SSM of this word.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑10.

Figure 6-10.  ARINC 429 Word 152 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
DIST AGC – BIT 11
DIST AGC – BIT 10
DIST AGC – BIT 9
DIST AGC – BIT 8
DIST AGC – BIT 7
DIST AGC – BIT 6
DIST AGC – BIT 5
DIST AGC – BIT 4
DIST AGC – BIT 3
DIST AGC – BIT 2
DIST AGC – BIT 1
DIST AGC – BIT 0
PAD
PAD
PAD
PAD
PAD
PAD

Distance AGC voltage shall be encoded in unsigned binary format with LSB = 10/2048 volts.  Value shall be obtained from MSBLS FSW Word 10.  Data word bit 29 shall be set to logic zero.

6.18
ARINC 429 Output Data Word 153 (Squitter AGC Voltage)

Word 153 shall contain distance AGC voltage information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑11.

Figure 6-11.  ARINC 429 Word 153 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
SQUITTER AGC – BIT 11
SQUITTER AGC – BIT 10
SQUITTER AGC – BIT 9
SQUITTER AGC – BIT 8
SQUITTER AGC – BIT 7
SQUITTER AGC – BIT 6
SQUITTER AGC – BIT 5
SQUITTER AGC – BIT 4
SQUITTER AGC – BIT 3
SQUITTER AGC – BIT 2
SQUITTER AGC – BIT 1
SQUITTER AGC – BIT 0
PAD
PAD
PAD
PAD
PAD
PAD

Squitter AGC voltage shall be encoded in unsigned binary format with LSB = 10/2048 volts.  Value shall be obtained from MSBLS FSW Word 17.  Data word bit 29 shall be set to logic zero.

6.19
ARINC 429 Output Data Word 154 (Elevation Signal Characteristics)

Word 154 shall contain elevation signal characteristics as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True.  MSBLS FSW Word 1 Elevation Validity shall not affect the SSM of this word.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑12.

Figure 6-12.  ARINC 429 Word 154 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
EL PEAK AMP – BIT 7
EL PEAK AMP – BIT 6
EL PEAK AMP – BIT 5
EL PEAK AMP – BIT 4
EL PEAK AMP – BIT 3
EL PEAK AMP – BIT 2
EL PEAK AMP – BIT 1
EL PEAK AMP – BIT 0
PAD
PAD
EL INTERVALS – BIT 7
EL INTERVALS – BIT 6
EL INTERVALS – BIT 5
EL INTERVALS – BIT 4
EL INTERVALS – BIT 3
EL INTERVALS – BIT 2
EL INTERVALS – BIT 1
EL INTERVALS – BIT 0

Measured peak amplitude of elevation beam shall be encoded in unsigned binary format with LSB = 0.02 volts.  Value shall be obtained from MSBLS FSW Word 11.  Data word bit 29 shall be set to logic zero.
Number of tracked intervals used in elevation angle computation shall be encoded in unsigned binary format.  Value shall be obtained from MSBLS FSW Word 11.

6.20
ARINC 429 Output Data Word 155 (Azimuth Signal Characteristics)

Word 155 shall contain azimuth 
signal characteristics as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True.  MSBLS FSW Word 1 Azimuth Validity shall not affect the SSM of this word.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑13.

Figure 6-13.  ARINC 429 Word 155 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
AZ PEAK AMP – BIT 7
AZ PEAK AMP – BIT 6
AZ PEAK AMP – BIT 5
AZ PEAK AMP – BIT 4
AZ PEAK AMP – BIT 3
AZ PEAK AMP – BIT 2
AZ PEAK AMP – BIT 1
AZ PEAK AMP – BIT 0
PAD
PAD
AZ INTERVALS – BIT 7
AZ INTERVALS – BIT 6
AZ INTERVALS – BIT 5
AZ INTERVALS – BIT 4
AZ INTERVALS – BIT 3
AZ INTERVALS – BIT 2
AZ INTERVALS – BIT 1
AZ INTERVALS – BIT 0

Measured peak amplitude of azimuth beam shall be encoded in unsigned binary format with LSB = 0.02 volts.  Value shall be obtained from MSBLS FSW Word 12.  Data word bit 29 shall be set to logic zero.
Number of tracked intervals used in azimuth angle computation shall be encoded in unsigned binary format.  Value shall be obtained from MSBLS FSW Word 12.

6.21
ARINC 429 Output Data Word 156 (Distance Signal Characteristics)

Word 156 shall contain distance signal characteristics as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True.  MSBLS FSW Word 1 Distance Validity shall not affect the SSM of this word.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑14.

Figure 6-14.  ARINC 429 Word 156 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
SOLICIT AMP – BIT 7
SOLICIT AMP – BIT 6
SOLICIT AMP – BIT 5
SOLICIT AMP – BIT 4
SOLICIT AMP – BIT 3
SOLICIT AMP – BIT 2
SOLICIT AMP – BIT 1
SOLICIT AMP – BIT 0
PAD
PAD
PAD
PAD
REPLY PULSES – BIT 5
REPLY PULSES – BIT 4
REPLY PULSES – BIT 3
REPLY PULSES – BIT 2
REPLY PULSES – BIT 1
REPLY PULSES – BIT 0

Measured average amplitude of distance solicit pulses shall be encoded in unsigned binary format with LSB = 0.02 volts.  Value shall be obtained from MSBLS FSW Word 13.  Data word bit 29 shall be set to logic zero.
Number of tracked distance reply pulses shall be encoded in unsigned binary format.  Value shall be obtained from MSBLS FSW Word 13.

6.22
ARINC 429 Output Data Word 163 (System Time)

Word 163 shall contain system time as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a binary word per table 6‑3.

If the SSM Failure Warning conditions are not met, SSM shall be set to the NCD state whenever MSBLS Initializing = True.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑15.

Figure 6-15.  ARINC 429 Word 163 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

0
SYSTEM TIME – BIT 15
SYSTEM TIME – BIT 14
SYSTEM TIME – BIT 13
SYSTEM TIME – BIT 12
SYSTEM TIME – BIT 11
SYSTEM TIME – BIT 10
SYSTEM TIME – BIT 9
SYSTEM TIME – BIT 8
SYSTEM TIME – BIT 7
SYSTEM TIME – BIT 6
SYSTEM TIME – BIT 5
SYSTEM TIME – BIT 4
SYSTEM TIME – BIT 3
SYSTEM TIME – BIT 2
SYSTEM TIME – BIT 1
SYSTEM TIME – BIT 0
PAD
PAD

System time shall be encoded in unsigned binary format with LSB = 8.192 msec.  Value shall be obtained from MSBLS FSW Word 6.  Data word bit 29 shall be set to logic zero.
6.23
ARINC 429 Output Data Word 270 (MSBLS Status)

Word 270 shall contain MSBLS status information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a discrete word per table 6‑4.

SSM shall never be set to the Failure Warning state.

SSM shall be set to the NCD state whenever MSBLS Communications Fault = True.

If the SSM NCD conditions are not met, SSM shall be set to the Test state whenever MSBLS Test = True.

SSM shall be set to the Normal state whenever none of the above conditions is met.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑16.

Status bits Bit Safety Check and Function Monitor shall be encoded as 1 = Go.  Values shall be obtained from MSBLS FSW Word 1.

Fault bits Processor Flag, Receiver Assembly Flag, and Power Supply Flag shall be encoded as 1 = Malfunction.  Values shall be obtained from MSBLS FSW Word 1.

Figure 6-16.  ARINC 429 Word 270 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
FUNCTION MODE – BIT 1
FUNCTION MODE – BIT 0
PAD
POWER SUPPLY FLAG
RECEIVER ASSY FLAG
PROCESSOR FLAG
BIT SAFETY CHECK
FUNCTION MONITOR

Function Mode shall be encoded as unsigned binary.  State definitions are 0 = Initialization, 1 = Processing Angle Data, 2 = Performing BIT Check, and 3 = Undefined.  Value shall be obtained from MSBLS FSW Word 1.
6.24
ARINC 429 Output Data Word 350 (Converter Status)

Word 350 shall contain converter status information as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a discrete word per table 6‑4.

SSM shall always be set to the Normal state.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑17.

Figure 6-17.  ARINC 429 Word 350 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
A429 HARDWARE FAIL
1553 HARDWARE FAIL
RAM FAIL
PROG MEM FAIL
1553 PORT B
MSBLS COMM FAIL
CONVERTER FAIL
CONVERTER INITIALIZING

The Converter Initializing status bit shall be set to logic one while the converter is initializing and performing power-up self-test; otherwise the bit shall be set to logic zero.

The Converter Fail bit shall be set to logic one if any of the converter’s built-in tests has reported a failure.  Faults external to the converter (e.g. MSBLS communication problems) shall not cause this bit to be set.

The MSBLS Communications Fail bit shall reflect the MSBLS Communications Fault state as defined in section 10 of this document.

The 1553 Port B bit shall be set to logic one whenever 1553 Port B is active; it will be set to logic zero whenever Port A is active.

The Program Memory Fail bit shall be set to logic one if the converter’s power-up self-test detected a program memory fault.

The RAM Fail bit shall be set to logic one if the converter’s power-up self-test detected a RAM fault.

The 1553 Hardware Fail bit shall be set to logic one if the converter’s power-up self-test detected an internal hardware fault within the 1553 circuits.  A disconnected 1553 port or MSBLS communication fault shall not produce this fault.

The A429 Hardware Fail bit shall be set to logic one if the converter’s power-up self-test detected an internal hardware fault within the ARINC 429 circuits.  A disconnected ARINC 429 receive port or the reception of invalid ARINC 429 data shall not produce this fault.

The contractor may be permitted to assign additional status information to those bits designated as pad bits (see figure 6‑17).  If the contractor desires to do so, he shall obtain approval from the FAA.

6.25
ARINC 429 Output Data Word 351 (Converter Firmware Status)

Word 351 shall contain converter firmware status as described below.

a.
Sign Status Matrix (SSM)

Bits 31 and 30 shall be encoded as the sign status matrix for a discrete word per table 6‑4.

SSM shall always be set to the Normal state.

b.
Data Bits

Data bits shall be encoded as illustrated in figure 6‑18.

Figure 6-18.  ARINC 429 Word 351 Data Bits

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD

The contractor shall encode bits 29 through 11 to reflect the version and revision level of the converter firmware.  The contractor shall submit his proposed format to the FAA for approval.

7.
MIL-STD-1553 Common Requirements

7.1
MSBLS Address

The MSBLS remote terminal (RT) address shall be 26 (binary 11010).

7.2
Bus Controller

The converter shall act as bus controller.  Transfer of the bus controller function shall not be permitted.

7.3
Command Word

The converter shall initiate data transfer, either to or from the MSBLS, by transmitting a standard MIL-STD‑1553 command word as illustrated in figure 7-1.

Figure 7-1.  MIL-STD-1553 Command Word

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

RT ADDRESS – BIT 4
RT ADDRESS – BIT 3
RT ADDRESS – BIT 2
RT ADDRESS – BIT 1
RT ADDRESS – BIT 0
T/R
SUBADDRESS – BIT 4
SUBADDRESS – BIT 3
SUBADDRESS – BIT 2
SUBADDRESS – BIT 1
SUBADDRESS – BIT 0
WORD COUNT – BIT 4
WORD COUNT – BIT 3
WORD COUNT – BIT 2
WORD COUNT – BIT 1
WORD COUNT – BIT 0

Remote Terminal (RT) Address shall be encoded with the MSBLS address identified in 7.1 of this specification.

As per MIL‑STD‑1553, Transmit/Receive (T/R) shall be set to logic zero when sending data (Tune and Test commands) to the MSBLS and shall be set to logic one when retrieving data from the MSBLS.

Subaddress shall be encoded per 8.1 of this document when sending data (Tune and Test commands) to the MSBLS and shall be encoded per 9.1 when retrieving data from the MSBLS.

Word Count shall be encoded with the number of data words in the message.  When sending data to the MSBLS, this shall be encoded per 8.2 of this document; when retrieving data from the MSBLS, this shall be encoded per 9.2.

7.4
Status Word

The MSBLS will conclude data transfer, either to or from the MSBLS, by returning a standard MIL-STD‑1553 status word as illustrated in figure 7-2.

Figure 7-2.  MIL-STD-1553 Status Word

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

RT ADDRESS – BIT 4
RT ADDRESS – BIT 3
RT ADDRESS – BIT 2
RT ADDRESS – BIT 1
RT ADDRESS – BIT 0
MESSAGE ERROR
INSTRUMENTATION
SERVICE REQUEST
PAD
PAD
PAD
BROADCAST RECEIVED
BUSY
SUBSYSTEM FLAG
BUS CONTROL ACCEPT
TERMINAL FLAG

Remote Terminal (RT) Address will be encoded with the MSBLS address identified in 7.1 of this specification.

Message Error bit will be set to logic one if the MSBLS detects a corrupted message; i.e. wrong number of data bits, even parity, incorrect address, etc.

Instrumentation bit is not used.

Service Request bit is not used.

Broadcast Command Received bit is not used.

Busy bit is not used.

Subsystem Flag bit is not used.

Dynamic Bus Control Acceptance bit is not used.

Terminal Flag bit is not used. 

8.
MIL-STD-1553 MSBLS Control Commands

8.1
Subaddress

Data words sent from the converter to the MSBLS shall be limited to those assigned to subaddress 24 (binary 11000).  Within the MSBLS Operation and Maintenance Manual, subaddress 24 is titled Function Mode Command (FMC).

8.2
Data Message Rates

The converter shall transmit MIL‑STD‑1553 data within the rates specified in table 8‑1.

Table 8-1. MIL‑STD‑1553 Data Transmission Rates

1553
Subaddress
Message Abbreviated
Name
Description
No. of Data Words
Transmit Interval
(msec)





Min
Max

24
FMC
MSBLS Commands
3
450
550

See Note 1 below

Note 1: Maximum transmit interval shall apply only when conditional transmit criteria are met (see 8.3).  The converter shall always comply with the specified minimum transmit interval.

8.3
Conditional Transmit Criteria

The converter shall not transmit FMC messages when any of the following conditions exist.

· MSBLS Communications Fault = True (see section 10)

· MSBLS Initializing = True (see section 10)

The converter shall transmit FMC messages only when none of the conditions above is met and one or more of the following conditions exist.

· Echo Channel (see 9.5g - MSBLS FSW Word 7) does not match Requested Channel (see 5.5d - ARINC 429 Input Data Word 036)

· MSBLS Test state (see section 10) does not match MSBLS Test Request state (see 5.5c - ARINC 429 Input Data Word 036)

· MSBLS Test = True (see section 10) and MSBLS Test Abort = True (see 5.5d)

· MSBLS RX Pattern (see 9.5e – MSBLS FSW Word 5) is not the one’s complement of TX Pattern (see 8.5c – MSBLS FMC Word 3)

8.4
Pad Bits

All pad bits shall be set to logic zero.

8.5
FMC (Subaddress 24) Data Words

Three data words shall be transmitted from the converter to the MSBLS as defined in the MSBLS Operation and Maintenance Manual for subaddress 24.  The format and content of these words are provided below.

a.
FMC – Word 1

Data bits shall be encoded as illustrated in figure 8‑1.

Figure 8-1.  FMC Word 1 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

ABORT TEST
TEST CODE – BIT 3
TEST CODE – BIT 2
TEST CODE – BIT 1
TEST CODE – BIT 0
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD

Abort Test shall be set equal to logic 1 if MSBLS Test Abort is active as commanded via the ARINC 429 Tune and Test command (see 5.5d); Abort Test shall be set equal to logic zero if MSBLS Test Abort is inactive.

Test Code shall be set equal to 15 (binary 1111) if MSBLS Test Request is active as commanded via the ARINC 429 Tune and Test command (see 5.5c); Test Code shall be set equal to 0 (binary 0000) if MSBLS Test Request is inactive.

b.
FMC – Word 2

Data bits shall be encoded as illustrated in figure 8‑2.

Figure 8-2.  FMC Word 2 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
REQ CHANNEL – BIT 5
REQ CHANNEL – BIT 4
REQ CHANNEL – BIT 3
REQ CHANNEL – BIT 2
REQ CHANNEL – BIT 1
REQ CHANNEL – BIT 0

Requested Channel shall be encoded as 6-bit binary and shall contain the value of the Requested MSBLS Channel as commanded via the ARINC 429 Tune and Test command (see 5.5d).

c.
FMC – Word 3

Data bits shall be encoded as illustrated in figure 8‑3.

Figure 8-3.  FMC Word 3 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

TX PATTERN – BIT 15
TX PATTERN – BIT 14
TX PATTERN – BIT 13
TX PATTERN – BIT 12
TX PATTERN – BIT 11
TX PATTERN – BIT 10
TX PATTERN – BIT 9
TX PATTERN – BIT 8
TX PATTERN – BIT 7
TX PATTERN – BIT 6
TX PATTERN – BIT 5
TX PATTERN – BIT 4
TX PATTERN – BIT 3
TX PATTERN – BIT 2
TX PATTERN – BIT 1
TX PATTERN – BIT 0

TX Pattern (transmit pattern) shall be encoded as binary 0101010101010101.

9.
MIL-STD-1553 MSBLS Data Words

9.1
Subaddress

Data words requested by the converter from the MSBLS shall be limited to those assigned to subaddress 21 (binary 10101).  Within the MSBLS Operation and Maintenance Manual, subaddress 21 is titled Functional Status Word (FSW).

9.2
Data Message Rates

The converter shall retrieve MIL‑STD‑1553 data within the rates specified in table 9‑1.

Table 9-1. MIL‑STD‑1553 Data Retrieval Rates

1553
Subaddress
Message Abbreviated
Name
Description
No. of Data Words
Retrieval Interval
(msec)





Min
Max

21
FSW
MSBLS Data
17
90
110

9.3
Message Validation

MSBLS data messages shall be stored into a temporary buffer until validated.  Messages shall be transferred to MSBLS data RAM if, and only if, no MSBLS Communications Fault (see 10.2a) was detected during the current data retrieval.

9.4
Pad Bits

All pad bits shall be ignored.

9.5
FSW (Subaddress 21) Data Words

17 data words are transmitted from the MSBLS to the converter as defined in the MSBLS Operation and Maintenance Manual for subaddress 21.  The format and content of these words are provided below.

a.
FSW – Word 1 (Status)

Data bits are encoded by the MSBLS as illustrated in figure 9‑1.

Figure 9-1.  FSW Word 1 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

FUNCTION MONITOR
BIT SAFETY CHECK
ELEVATION VALIDITY
AZIMUTH VALIDITY
DISTANCE VALIDITY
PROCESSOR FLAG
RECEIVER ASSY FLAG
POWER SUPPLY FLAG
FUNCTION MODE – BIT 1
FUNCTION MODE – BIT 0
DIST REFRESH CNT – BIT 1
DIST REFRESH CNT – BIT 0
EL REFRESH CNT – BIT 1
EL REFRESH CNT – BIT 0
AZ REFRESH CNT – BIT 1
AZ REFRESH CNT – BIT 0

Function Monitor: 1 = Go

Bit Safety Check: 1 = Go

Elevation Validity: 1 = Valid

Azimuth Validity: 1 = Valid

Distance Validity: 1 = Valid

Processor Flag: 1 = Malfunction

Receiver Assembly Flag: 1 = Malfunction

Power Supply Flag: 1 = Malfunction

Function Mode: 0 = Initialization, 1 = Processing Angle Data, 2 = Performing BIT Check, 3 = Undefined

Distance Refresh Count: Incremented after a change to Distance (Word 4) or Distance Validity (Word 1, bit 4)

Elevation Refresh Count: Incremented after a change to Elevation Angle (Word 2) or Elevation Validity (Word 1, bit 2)

Azimuth Refresh Count: Incremented after a change to Azimuth Angle (Word 3) or Azimuth Validity (Word 1, bit 3)

b.
FSW – Word 2 (Elevation Angle)

Data bits are encoded by the MSBLS as illustrated in figure 9‑2.

Figure 9-2.  FSW Word 2 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

EL ANGLE – BIT 15
EL ANGLE – BIT 14
EL ANGLE – BIT 13
EL ANGLE – BIT 12
EL ANGLE – BIT 11
EL ANGLE – BIT 10
EL ANGLE – BIT 9
EL ANGLE – BIT 8
EL ANGLE – BIT 7
EL ANGLE – BIT 6
EL ANGLE – BIT 5
EL ANGLE – BIT 4
EL ANGLE – BIT 3
EL ANGLE – BIT 2
EL ANGLE – BIT 1
EL ANGLE – BIT 0

Elevation angle is encoded in two’s complement binary format with least significant bit (LSB) = 10-4 radians.

c.
FSW – Word 3 (Azimuth Angle)

Data bits are encoded by the MSBLS as illustrated in figure 9‑3.

Figure 9-3.  FSW Word 3 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

AZ ANGLE – BIT 15
AZ ANGLE – BIT 14
AZ ANGLE – BIT 13
AZ ANGLE – BIT 12
AZ ANGLE – BIT 11
AZ ANGLE – BIT 10
AZ ANGLE – BIT 9
AZ ANGLE – BIT 8
AZ ANGLE – BIT 7
AZ ANGLE – BIT 6
AZ ANGLE – BIT 5
AZ ANGLE – BIT 4
AZ ANGLE – BIT 3
AZ ANGLE – BIT 2
AZ ANGLE – BIT 1
AZ ANGLE – BIT 0

Azimuth angle is encoded in two’s complement binary format with LSB = 10-4 radians.

d.
FSW – Word 4 (Distance)

Data bits are encoded by the MSBLS as illustrated in figure 9‑4.

Figure 9-4.  FSW Word 4 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

DISTANCE – BIT 15
DISTANCE – BIT 14
DISTANCE – BIT 13
DISTANCE – BIT 12
DISTANCE – BIT 11
DISTANCE – BIT 10
DISTANCE – BIT 9
DISTANCE – BIT 8
DISTANCE – BIT 7
DISTANCE – BIT 6
DISTANCE – BIT 5
DISTANCE – BIT 4
DISTANCE – BIT 3
DISTANCE – BIT 2
DISTANCE – BIT 1
DISTANCE – BIT 0

Distance (slant range) is encoded in unsigned binary format with LSB = 3.8420 ft.

e.
FSW – Word 5 (Test Pattern)

Data bits are encoded by the MSBLS as illustrated in figure 9‑5.

Figure 9-5.  FSW Word 5 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

RX PATTERN – BIT 15
RX PATTERN – BIT 14
RX PATTERN – BIT 13
RX PATTERN – BIT 12
RX PATTERN – BIT 11
RX PATTERN – BIT 10
RX PATTERN – BIT 9
RX PATTERN – BIT 8
RX PATTERN – BIT 7
RX PATTERN – BIT 6
RX PATTERN – BIT 5
RX PATTERN – BIT 4
RX PATTERN – BIT 3
RX PATTERN – BIT 2
RX PATTERN – BIT 1
RX PATTERN – BIT 0

The MSBLS encodes RX Pattern as the one’s complement of the TX Pattern sent by the converter in FMC Word 3.

f.
FSW – Word 6 (System Time)

Data bits are encoded by the MSBLS as illustrated in figure 9‑6.

Figure 9-6.  FSW Word 6 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

SYSTEM TIME – BIT 15
SYSTEM TIME – BIT 14
SYSTEM TIME – BIT 13
SYSTEM TIME – BIT 12
SYSTEM TIME – BIT 11
SYSTEM TIME – BIT 10
SYSTEM TIME – BIT 9
SYSTEM TIME – BIT 8
SYSTEM TIME – BIT 7
SYSTEM TIME – BIT 6
SYSTEM TIME – BIT 5
SYSTEM TIME – BIT 4
SYSTEM TIME – BIT 3
SYSTEM TIME – BIT 2
SYSTEM TIME – BIT 1
SYSTEM TIME – BIT 0

System Time is encoded in unsigned binary format with LSB = 8.192 msec.

g.
FSW – Word 7 (Echo Tune)

Data bits are encoded by the MSBLS as illustrated in figure 9‑7.

Figure 9-7.  FSW Word 7 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
PAD
ECHO CHANNEL – BIT 5
ECHO CHANNEL – BIT 4
ECHO CHANNEL – BIT 3
ECHO CHANNEL – BIT 2
ECHO CHANNEL – BIT 1
ECHO CHANNEL – BIT 0

Echo channel is encoded in unsigned binary format and reflects the actual channel to which the MSBLS is currently tuned.

h.
FSW – Word 8 (Elevation AGC)

Data bits are encoded by the MSBLS as illustrated in figure 9‑8.

Figure 9-8.  FSW Word 8 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
PAD
PAD
PAD
EL AGC – BIT 11
EL AGC – BIT 10
EL AGC – BIT 9
EL AGC – BIT 8
EL AGC – BIT 7
EL AGC – BIT 6
EL AGC – BIT 5
EL AGC – BIT 4
EL AGC – BIT 3
EL AGC – BIT 2
EL AGC – BIT 1
EL AGC – BIT 0

Elevation AGC voltage is encoded in unsigned binary format with LSB = 10/2048 volts.

i.
FSW – Word 9 (Azimuth AGC)

Data bits are encoded by the MSBLS as illustrated in figure 9‑9.

Figure 9-9.  FSW Word 9 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
PAD
PAD
PAD
AZ AGC – BIT 11
AZ AGC – BIT 10
AZ AGC – BIT 9
AZ AGC – BIT 8
AZ AGC – BIT 7
AZ AGC – BIT 6
AZ AGC – BIT 5
AZ AGC – BIT 4
AZ AGC – BIT 3
AZ AGC – BIT 2
AZ AGC – BIT 1
AZ AGC – BIT 0

Azimuth AGC voltage is encoded in unsigned binary format with LSB = 10/2048 volts.

j.
FSW – Word 10 (Distance AGC)

Data bits are encoded by the MSBLS as illustrated in figure 9‑10.

Figure 9-10.  FSW Word 10 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
PAD
PAD
PAD
DIST AGC – BIT 11
DIST AGC – BIT 10
DIST AGC – BIT 9
DIST AGC – BIT 8
DIST AGC – BIT 7
DIST AGC – BIT 6
DIST AGC – BIT 5
DIST AGC – BIT 4
DIST AGC – BIT 3
DIST AGC – BIT 2
DIST AGC – BIT 1
DIST AGC – BIT 0

Distance AGC voltage is encoded in unsigned binary format with LSB = 10/2048 volts.

k.
FSW – Word 11 (Elevation Signal Characteristics)

Data bits are encoded by the MSBLS as illustrated in figure 9‑11.

Figure 9-11.  FSW Word 11 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

EL INTERVALS – BIT 7
EL INTERVALS – BIT 6
EL INTERVALS – BIT 5
EL INTERVALS – BIT 4
EL INTERVALS – BIT 3
EL INTERVALS – BIT 2
EL INTERVALS – BIT 1
EL INTERVALS – BIT 0
EL PEAK AMP – BIT 7
EL PEAK AMP – BIT 6
EL PEAK AMP – BIT 5
EL PEAK AMP – BIT 4
EL PEAK AMP – BIT 3
EL PEAK AMP – BIT 2
EL PEAK AMP – BIT 1
EL PEAK AMP – BIT 0

Number of tracked intervals used in elevation angle computation is encoded in unsigned binary format.

Measured peak amplitude of elevation beam is encoded in unsigned binary format with LSB = 0.02 volts.

l.
FSW – Word 12 (Azimuth Signal Characteristics)

Data bits are encoded by the MSBLS as illustrated in figure 9‑12.

Figure 9-12.  FSW Word 12 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

AZ INTERVALS – BIT 7
AZ INTERVALS – BIT 6
AZ INTERVALS – BIT 5
AZ INTERVALS – BIT 4
AZ INTERVALS – BIT 3
AZ INTERVALS – BIT 2
AZ INTERVALS – BIT 1
AZ INTERVALS – BIT 0
AZ PEAK AMP – BIT 7
AZ PEAK AMP – BIT 6
AZ PEAK AMP – BIT 5
AZ PEAK AMP – BIT 4
AZ PEAK AMP – BIT 3
AZ PEAK AMP – BIT 2
AZ PEAK AMP – BIT 1
AZ PEAK AMP – BIT 0

Number of tracked intervals used in azimuth angle computation is encoded in unsigned binary format.

Measured peak amplitude of azimuth beam is encoded in unsigned binary format with LSB = 0.02 volts.

m.
FSW – Word 13 (Distance Signal Characteristics)

Data bits are encoded by the MSBLS as illustrated in figure 9‑13.

Figure 9-13.  FSW Word 13 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
PAD
PAD
REPLY PULSES – BIT 4
REPLY PULSES – BIT 3
REPLY PULSES – BIT 2
REPLY PULSES – BIT 1
REPLY PULSES – BIT 0
SOLICIT AMP – BIT 7
SOLICIT AMP – BIT 6
SOLICIT AMP – BIT 5
SOLICIT AMP – BIT 4
SOLICIT AMP – BIT 3
SOLICIT AMP – BIT 2
SOLICIT AMP – BIT 1
SOLICIT AMP – BIT 0

Number of tracked distance reply pulses is encoded in unsigned binary format.

Measured average amplitude of distance solicit pulses is encoded in unsigned binary format with LSB = 0.02 volts.

n.
FSW – Word 14 (Elevation Compute Delay)

Data bits are encoded by the MSBLS as illustrated in figure 9‑14.

Figure 9-14.  FSW Word 14 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
EL DELAY – BIT 14
EL DELAY – BIT 13
EL DELAY – BIT 12
EL DELAY – BIT 11
EL DELAY – BIT 10
EL DELAY – BIT 9
EL DELAY – BIT 8
EL DELAY – BIT 7
EL DELAY – BIT 6
EL DELAY – BIT 5
EL DELAY – BIT 4
EL DELAY – BIT 3
EL DELAY – BIT 2
EL DELAY – BIT 1
EL DELAY – BIT 0

Time delay of occurrence of elevation beam referenced to external 1 PPS timing signal is encoded in unsigned binary format with LSB = 32 usec.

o.
FSW – Word 15 (Azimuth Compute Delay)

Data bits are encoded by the MSBLS as illustrated in figure 9‑15.

Figure 9-15.  FSW Word 15 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
AZ DELAY – BIT 14
AZ DELAY – BIT 13
AZ DELAY – BIT 12
AZ DELAY – BIT 11
AZ DELAY – BIT 10
AZ DELAY – BIT 9
AZ DELAY – BIT 8
AZ DELAY – BIT 7
AZ DELAY – BIT 6
AZ DELAY – BIT 5
AZ DELAY – BIT 4
AZ DELAY – BIT 3
AZ DELAY – BIT 2
AZ DELAY – BIT 1
AZ DELAY – BIT 0

Time delay of occurrence of azimuth beam referenced to external 1 PPS timing signal is encoded in unsigned binary format with LSB = 32 usec.

p.
FSW – Word 16 (Distance Compute Delay)

Data bits are encoded by the MSBLS as illustrated in figure 9‑16.

Figure 9-16.  FSW Word 16 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
DIST DELAY – BIT 14
DIST DELAY – BIT 13
DIST DELAY – BIT 12
DIST DELAY – BIT 11
DIST DELAY – BIT 10
DIST DELAY – BIT 9
DIST DELAY – BIT 8
DIST DELAY – BIT 7
DIST DELAY – BIT 6
DIST DELAY – BIT 5
DIST DELAY – BIT 4
DIST DELAY – BIT 3
DIST DELAY – BIT 2
DIST DELAY – BIT 1
DIST DELAY – BIT 0

Time delay at end of distance cycle referenced to external 1 PPS timing signal is encoded in unsigned binary format with LSB = 32 usec.

q.
FSW – Word 17 (Squitter AGC)

Data bits are encoded by the MSBLS as illustrated in figure 9‑17.

Figure 9-17.  FSW Word 17 Data Bits

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PAD
PAD
PAD
PAD
SQUITTER AGC – BIT 11
SQUITTER AGC – BIT 10
SQUITTER AGC – BIT 9
SQUITTER AGC – BIT 8
SQUITTER AGC – BIT 7
SQUITTER AGC – BIT 6
SQUITTER AGC – BIT 5
SQUITTER AGC – BIT 4
SQUITTER AGC – BIT 3
SQUITTER AGC – BIT 2
SQUITTER AGC – BIT 1
SQUITTER AGC – BIT 0

Squitter AGC voltage is encoded in unsigned binary format with LSB = 10/2048 volts.

10.
MSBLS State Definitions

The converter shall use the following MSBLS state definitions as specified herein.

10.1
Genesis

Unless stated otherwise, conditions shall reflect the most recent attempt to retrieve data from the MSBLS receiver via the MIL‑STD‑1553 bus.  If unable to successfully communicate with the MSBLS receiver since power-up, some parameters will reflect values stored during RAM initialization (see 11.2).

10.2
State Definitions

a.
MSBLS Communications Fault.  This state shall be true whenever any of the following conditions are met:

· Corrupted data message received from MSBLS

· No data message received from MSBLS

· MSBLS Status Word contained Message Error bit set to logic one (see figure 7‑2)

b.
MSBLS Fail.  This state shall be true whenever any of the following conditions are met:

· MSBLS Communications Fault = True (see above)

· MSBLS FSW Word 1 Processor Flag, Receiver Assembly Flag, or Power Supply Flag = 1 (see figure 9‑1)

· MSBLS FSW Word 5 RX Pattern (see figure 9‑5) does not equal the one’s complement of the FMC Word 3 TX Pattern (see figure 8-3)

c.
MSBLS Initializing.  This state shall be true whenever MSBLS FSW Word 1 Function Mode = 0.

d.
MSBLS Test.  This state shall be true whenever MSBLS FSW Word 1 Function Mode = 2.

11.
Power-Up Initialization and Built-In Test 

11.1
Built-In Test (BIT)

The converter shall perform an internal built-in test (BIT) upon startup, testing at least 95 percent of the circuitry and provide a visual indication of the result of the test by use of an LED or equivalent, mounted on the front of the converter enclosure (see 11.2).

As a minimum, converter BIT shall include the following.

a.
Program Memory Test

The converter shall perform a checksum test on all program memory.

b.
Random Access Memory (RAM) Test

The converter shall perform write/read tests on all data storage locations within RAM.  RAM locations shall not be tested individually since this method does not test addressing faults.  RAM will be filled, each location with a unique number (to the greatest extent possible).  Once filled, each location will be read for verification.

c.
MIL‑STD‑1553 Loop-Back Test

The converter shall perform internal loop-back tests on the MIL‑STD‑1553 circuitry.

d.
ARINC 429 Loop-Back Test

The converter shall perform internal loop-back tests on the ARINC 429 circuitry.

Note: There shall be no requirement for the converter to perform additional BIT once the power‑up BIT is completed.  Faults detected during power-up BIT shall be cleared only via cycling power.

11.2
Status Indicator

The converter shall contain one or more indicators located on its front panel to identify one of three possible states: power off, self-test passed, and self-test fail (or in progress).

11.3
RAM Initialization

After completion of the power-up RAM test, the converter shall initialize RAM as follows.

a.
Tune and Test Command RAM

The converter shall initialize the Tune and Test Command parameters in RAM as follows.

· Requested MSBLS Channel shall be set to Channel 1 (see 5.5d – ARINC 429 Input Data Word 036)

· MSBLS Test Request shall be set inactive (see 5.5c - ARINC 429 Input Data Word 036)

· MSBLS Test Abort shall be set inactive (see 5.5d – ARINC 429 Input Data Word 036)

Note: These parameters shall remain intact until overwritten by a valid ARINC 429 Tune and Test command.

b.
MSBLS Data RAM

The converter shall initialize MSBLS Data parameters in RAM as follows.

· All MSBLS quantitative data set equal to zero (see 9.5 – MSBLS FSW Data Words)

· All MSBLS status bits set equal to logic zero (see 9.5a – MSBLS FSW Data Word 1)

· MSBLS Communications Fault set = True (see section 10)

12.
Communications Schedule and 1553 Port Selection

12.1
Overview

The purpose of the converter is to provide a communications interface between AFIS and the MSBLS receiver.  This function is illustrated in figure 12‑1.
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Figure 12-1. Data Processing Block Diagram
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Figure 12-2. Data Processing Flow Chart

12.2
1553 Port Selection

The default MIL-STD-1553 port shall be port A.  If a Communications Fault is detected during the data processing sequence (see figure 12‑2), the alternate port shall be selected for the next 1553-output epoch.  No retry (using either port) shall be attempted during current 1553-output epoch (see figure 12‑2).  If neither port is responsive, the converter shall toggle back and forth between the two at the 1553 message transfer rate.

12.3
Sequence

The converter shall process data using the sequence illustrated in figure 12‑2.

13.
Documentation

13.1
Applicable Requirements of TIEO 95-E-57

Technical manuals shall meet those requirements of TIEO 95‑E‑57 that are listed in table 13‑1.

Table 13-1. Requirements of TIEO 95-E-57

Section
Title

1
Instruction Books to be Furnished by Contractor

2
Final Instruction Book

3
Purpose and Scope of Instruction Books

5
Physical Characteristics

6
Illustration of Complete Equipment

20
Schematic Diagrams

22
Section 10 – Parts List

The contractor may submit a manual for consideration by the FAA.  If the manual is approved, the requirement of TIEO 95-E-57 will be waived.

13.2
Reproduction Rights

The FAA shall have the right to incorporate manuals and technical data into official publications, to revise and change data as required, and to reprint manuals.

13.3
Software Documentation

The contractor shall furnished assembled/compiled source listings of all software (firmware) used within the converter.  Listings shall include module names, revision dates, comments, assembler/compiler directives and resultant object code.  These listings shall be provided in compact disk (CD) form.

The contractor shall furnish the FAA a list of all application software used to create and assemble/compile the software.  Manufacturer and software version shall be included.

13.4
DO‑178B Documentation

The contractor shall furnish the FAA one copy of each document required by DO‑178B.

13.5
DO‑160D Documentation

The contractor shall furnish the FAA one copy of the DO‑160D test results.

14.
Tests

The contractor shall submit the following test procedures to the FAA for approval.

14.1
Environmental Tests

The contractor shall submit a proposed communications test to be performed during DO‑160D environmental testing (see 3.6).  Although this can be a fairly simple test, it must continuously test at least one MIL‑STD‑1553 port, the ARINC 429 receive port, and the ARINC 429 transmit port.

14.2
First Article Acceptance Tests

The contractor shall submit a proposed communications test procedure to be performed during first article acceptance.  This test shall be comprehensive, verifying compliance with all of the requirements in sections 4 through 12 of this specification.  Data transfer shall be verified at average values and boundaries (both positive and negative, if applicable).

14.3
Productions Tests

The contractor shall submit a proposed communications test procedure to be performed during production.  This test shall be a subset of the test procedure identified for first article acceptance.  Both MIL-STD-1553 ports shall be tested.

�PAGE \# "'Page: '#'�'"  �Page: 1���To manually add revision: (1) move cursor to last column of last row of log and (2) press Tab button on keyboard.  To remove revision (should never need to do), highlight last row of table and press Ctrl+X.


�PAGE \# "'Page: '#'�'"  �Page: 1���Enter revision number; enter dash (-) for original.


�PAGE \# "'Page: '#'�'"  �Page: 1���Enter revision date; for original release, enter original EO date.  The “DATE” block at top of page should match the latest entry in this column.


�PAGE \# "'Page: '#'�'"  �Page: 1���Enter (type in) initials of engineer responsible for EO revision (e.g. HB); for original EO, leave blank.


�PAGE \# "'Page: '#'�'"  �Page: 1���Enter revision description; enter “Original” for original release.


�PAGE \# "'Page: '#'�'"  �Page: 1���List of Effective Pages.  List all pages affected by revision (excluding header/footer changes).  If most or all pages affected, enter “All.”  Always include page 1.  For original EO, enter “All.”


�PAGE \# "'Page: '#'�'"  ��











VN Form 4100-5-2-384 IF ,4) \* MERGEFORMAT 
0.0
 = 1 REPAIR MOD \* MERGEFORMAT 
MOD
 (2/00)
   DOCPROPERTY "TIEOFooterMess"  \* MERGEFORMAT 
Attach#1.doc



08/29/02
  DOCPROPERTY "TIEOFooterMess"  \* MERGEFORMAT 
  1 IF  <> "-" "Rev.  1"  \* MERGEFORMAT 
Rev.  1

08/29/02
  DOCPROPERTY "TIEOFooterMess"  \* MERGEFORMAT 
  1 IF  <> "-" "Rev.  1"  \* MERGEFORMAT 
Rev.  1

Attachment #1

Page 1 of 44

_1085304836.dwg

_1085305046.dwg

_921061140.unknown

_1085304225.dwg

