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INTRODUCTION

PURPOSE.

The purpose of this project is the evaluation of the Microwave Landing System (MLS®
Basic Wide System at Wallops Island, Virginia, to determine the operational sub-
system and system Mean Time Between Failures (MTBF) and Mean Time to Repair (MTTR).
Failure rates are to be calculated. All the values will be compared with those
predicted by the contractor. Reliability and maintainability weak points or
problems areas will be determined. This data report documents the evaluation data
between the dates of August 1 and October 31, 1980.

BACKGROUND,

A reliability and maintainability project, No. 075-725-490, entitled "Reliability
and Maintainability (R&M) of Basic Wide MLS at Wallops Island (NASA)," was
established at the Federal Aviation Administration (FAA) Technical Center in May
1980 under the Landing System Technical Program Document No. 07-115. Reliability
Engineering Section (ATC-152) personnel were assigned to support the effort under
the technical administrative direction of the program manager (ACT-100E). Data
collecting commenced on May 21, 1980, for the MLS and the Precision Distance
Measuring Equipment (PDME) at the site.

DISCUSSION

In the first quarterly data report (report No. FAA-CT-81-14, dated April 1981), a
presentation was made on the project data collection, reduction, and analysis.

The chargeable failure test data for quarterly report period August 1 to
October 31, 1980, are shown in tables 1 through 4, progressing from equipment units

in table 1 through the system level in table 4. The summed chargeable failure
test data for the period May 21 through October 31, 1980, are shown in tables 5
through 8. The equipment levels progress from equipment units in table 5 through

the system level in table 8. In table 9, the MTBF specified, predicted, and
summated measured values for the Basic Wide MLS and PDME are presented.

At the element and enclosure level, all failures which meet the criteria for being
counted as chargeable are used in the data calculations. The Bendix Corporation's
reliability model definitions are used in computing subsystem and system values
because of equipment designed graceful degradation. Appendix A is a chargeable
failure list including the date, definition, and explanation. Appendix B includes
all the tabulated data reported in the first quarterly data reporting period
(May 21 through July 31, 1980).

Within this second reporting period failures occurred which did not meet all the
criteria for being counted as chargeable. All of these failures caused the sub-
system or system to not transmit. The azimuth subsystem had 29 nonchargeable
failures, and the elevation subsystem had 59 nonchargeable failures. Twenty-two of
the elevation subsystem nonchargeable failures were due to the azimuth subsystem's

ey
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not transmitting. When the azimuth subsystem is down (not transmitting), it
does not transmit sychronization or timing signals via the intrasite cablie to the
elevation subsystem. If the elevation subsystem does not receive the synchroniza-
tion and timing signals, it goes into executive fault and does not tracsmit. If
the synchronization and timing signals remain off for more than 5 minutes, the
elevation subsystem stops trying to restart automatically and remains down until
manually restarted. Most of the downtimes of the respective subsystems related to
these nonchargeable failures were attributed to the technician's not being on duty
(nights and weekends). The PDME system had no nonchargeable failures.

Included in the nonchargeable failures were four main-base momentary power outages.
They were a complete loss of power to the MLS equipment for 1 to 2 seconds as
recorded on the Rustrak recorder. The effects of the momentary power outages on
the MLS subsystems varied from 0.08 hour to 38.5 hours. Most of the extended time
loss was due to the incidents occurring at night or on the weekend when the site's
technical person was not on duty. The automatic restart circuits in each subsystem
attempted for 5 minutes to reactivate the equipment after the return of power. 1In
each of these momentary power outages various signals remained in the executive
fault status for a period exceeding 5 minutes. Thus, the MLS subsystems remained
down and required manual intervention to return them to operation. The total
time lost by the azimuth subsystem was 45.58 hours. The total time lost by the
elevation subsystem was 85.75 hours. The PDME system lost only momentary time,
returning to service with the return of power; and, subsequently, it was down only
for the actual power loss period.

The intrasite signal cable between the azimuth and elevation subsystems was
severed by construction equipment. The time lost by the elevation subsystem in
this incident was 95.25 hours and is considered nonchargeable. The intrasite cable
carries the synchronization and timing signals from the azimuth subsystem shelter
to the elevation subsystem shelter. When these signals are not actively present at
the elevation subsystem, it goes into the executive fault status,

The total MLS azimuth subsystem downtime due to preventive maintenance (PM)
is considered nonchargeable and consisted of 4.48 hours during this reporting
period. The MLS elevation subsystem had 3.77 hours of downtime due to PM and
an additional 3,70 hours of downtime due exclusively to the PM on the MLS azimuth
subsystem. When PM is being performed on the elevation subsystem, the azimuth
subsystem is unaffected. When the azimuth subsystem is down for PM, no synchroni-
zation or timing signals are transmitted via the intrasite cable to the elevation
subsystem, causing the elevation subsystem to go into the executive fault status.
PM done on the azimuth and elevation subsystems is independent of the PDME system
and vice versa. No PM was done on the PDME system.

The air-conditioners and heaters had no chargeable or nonchargeable failures,
There is one air-conditioner and heater in each of the azimuth and elevation
subsystems' electronics shelters of which there is one in each subsystem. The
azimuth subsystem's guidance antenna has two air-conditioners and heaters, and
the elevation subsystem's guidance antenna has one air-conditioner and heater.

Remote control panels were installed in the air traffic control (ATC) tower.
In a normal ATC installation, these remote control panels would have control
of the MLS equipment when the respective subsystem is not in maintenance. At this
installation, the normal duty hours of the tower personnel and the MLS site techni-
cal person were the same. In addition, since the MLS is not a production item,
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some portion of it is usually being worked on by the site technical person.
Therefore, the MLS was usually left in the local control status, requiring manual
intervention at the site each time a subsystem required restarting. By virtue of
the MLS technical persons being on the base, an MLS subsystem malfunction could be
responded to within approximately 15 minutes. In addition, by virtue of the
remote control panels, the ATC tower personnel would know of the MLS subsystem's
continued nontransmitting status and could notify the site technical person.

The next report will cover the data collection period of November 1, 1980, through
January 31, 1981.
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TABLE 1. MLS AND PDME SYSTEMS UNIT TYPES, FAILURES AND MAINTENANCE (AUGUST 1 to OCTOBER 31, 1980)

rack environmental
control, refer to
item 5, above

1 Total No. of Total Repair
] Item Uptime Chargeable Time Failure Rate MIBF MTTR
| _No. Unit Type (Hours) Failures (Hours) (Per Million Hours) (Hours) (Hours)
i
i 1 Azimuth antenna 1,790.59 3 1.50 1,675.43 596.86 0.50
[ enclosure
! electronics
|
2 Azimuth antenna * 0 * - - -
enclosure air-
conditioners (2)
3 Azimuth antenna 1,790.59 0 0 0 - -
monitor antenna
4 Azimuth elec- 1,790.59 1 1.00 558.48 1,790.59 1.00
tronics rack
5 Azimuth elec- * 0 0 0 -~ -
tronics rack air-
conditioner
6 Elevation antenna 1,403.46 0 0 0 - -
enclosure
electronics
7 Elevation antenna * 0 * - - -
enclosure air-
conditioner (1)
8 Elevation antenna 1,403.46 0 0 0 - -
monitor antenna
9 Elevation elec- 1,403.46 2 7.00 1,425.05 701.73 3.50
tronics rack
10 Elevation elec- * 0 0 0 — —_
tronics rack air-
’ conditioner
i
11 PDME antenna 2,207.00 0 0 0 - -
|
| 12 PDME electronics 2,207.00 1 0.75 453.10 2,207.00 0.75
I rack
| 13 PDME electronics * 0 0 0 - -
|
\
{
!
|

*The test data (facility logs) do not include accurate downtime or accurate repair time for the air-conditioners
in the unit,



TABLE 2. MLS SUBSYSTEMS ENCLOSURES, FAILURES AND MAINTENANCE (AUGUST 1 TO OCTOBER 31, 1980)

Enclosure

enclosure.

Azimuth antenna
enclosure

Azimuth antenna
monitor antenna
enclosure

Azimuth shelter

Elevation antenna
enclosure

Elevation antenna
monitor antenna

enclosure

Elevation shelter

Total
Uptime
(Hours)*

Total Repair
Failure Rate
(Per Million Hours)

Chargeable

MTTR
(Hours)

1,790.59

1,790.59

1,790.59

1,430.46

1,403.46

1,403 .46

*The test data do not include accurate downtime or accurate repair time for the air-conditioners in
Thus, the air-conditioner units' test data are not included in this table.

0.50

3.50

the



TABLE 3. MLS SUBSYSTEMS FAILURES AND MAINTENANCE (AUGUST 1 TO OCTOBER 31, 1980)
Total No. of Total Repair
Item Uptime Chargeable Time Failure Rate MTBF MTTR
No. Subsystem (Hours) Failures (Hours) (Per Million Hours) (Hours) (Hours)
1 Azimuth 1,790.59 1 1.00 558.48 1,790.59 1.00
2 Elevation 1,403.46 2 7.00 1,425.05 701.73 3.50
TABLE 4. MLS AND PDME SYSTEMS FAILURES AND MAINTENANCE (AUGUST 1 TO OCTOBER 31, 1980)
Total No. of Total Repair
Item Uptime Chargeable Time Failure Rate MTBF MTTR
No. System (Hours) Failures (Hours) (Per Million Hours) (Hours) (Hours)
1 MLS (azimuth 1,403.46 3 8.00 2,137.57 457.82 2.67
and elevation)
2 MLS (azimuth 1,790.59 1 1.00 558.48 1,790.59 1.00
only)
3 PDME 2,207.00 1 0.75 453.10 2,207.00 0.75



TABLE 5.

k

Item
No.

Unit Type

Azimuth antenna
enclosure
electronics

Azimuth antenna
enclosure air-
conditioners (2)

Azimuth antenna

monitor

Azimuth
tronics

Azimuth

antenna

elec-
rack

elec—-

tronics rack air-
conditioner

6 Elevation antenna
enclosure
electronics

7 Elevation antenna
enclosure air-
conditioner (1)

8 Elevation antenna
monitor antenna

9 Elevation elec-
tronics rack

10 Elevation elec-
tronics rack air-
conditioner

11 PDME antenna

12 PDME electronics
rack

MLS AND PDME SYSTEMS UNIT TYPES, FAILURES AND MAINTENANCE SUMMATION (MAY 21 TO OCTOBER
Total No. of Total Repair
Uptime Chargeable Time Failure Rate MTBF MITR
(Hours) Failures (Hours) (Per Million Hours) (Hours) (Hours)
3,437.00 6 9.58 1,745.71 572.83 1.60
* 1 * _— _— _—
3,437.00 0 0 0 0 0
3,437.00 2 2.50 581.90 1,718.40 1.25
* 0 0 - _— -
2,855.00 3 4.25 1,050.79 951.67 1.42
* 1 * - _ -
2,855.00 0 0 [} - -
2,855.00 2 7.00 700.53 1,427.50 3.50
* 0 0 _— _— —
3,693.58 0 0 0 -_— -
3,693.58 2 13.25 541.48 1,846.79 6.63
* 0 0 . _— _—

13 PDME electronics
rack environmental
control, (refer to
item 5)

*The test data (facility logs) do not include accurate downtime or accurate repair

in the unit.

time for the air-conditioners

31, 1980)



TABLE 6. MLS SUBSYSTEMS ENCLOSURES, FAILURES AND MAINTENANCE SUMMATION (MAY 21 TO OCTOBER 31, 1980)

Total No. of Total Repair
Item Uptime Chargeable Time Failure Rate MTBF MTTR
No. Enclosure (Hours) Failures (Hours) (Per Million Hours) (Hours) (Hours)
1 Azimuth antenna 3,437 .00% 6 9.58 1,745.71 572.83 1.60
enclosure
2 Azimuth antenna 3,437.00 0 0 0 - -
monitor antenna
enclosure
3 Azimuth shelter 3,437 .00% 2 2.50 581.90 1,718.50 1.25
4 Elevation antenna 2,855.00% 3 4.50 1,050.79 951.67 1.42
enclosure
5 Elevation antenna 2,855.00 0 0 0 - -
monitor antenna
enclosure
6 Elevation shelter 2,855.00% 2 7.00 700.53 1,427.50 3.50

*The test data do not include accurate downtime or accurate repair time for the air-conditioners in the
enclosure. Thus, the air-conditioner units' test data are not included in this table.



TABLE 7. MLS SUBSYSTEMS

FAILURES AND MAINTENANCE SUMMATION (MAY 21 TO OCTOBER 31, 1980)

Total No. of Total Repair
Item Uptime Chargeable Time Failure Rate MTBF MTTR
No. Subsystem (Hours) Failures (Hours) (Per Million Hours) (Hours) (Hours)
1 Azimuth 3,437 .00% 3 9.58 872.85 1,145.67 3.19
2 Elevation 2,855.00% 3 7.75 1,050.79 951.67 2.58
*The test data do not include accurate downtime or accurate repair time for the air-conditioners in the

subsystems.
TABLE 8.
Item
No. System
1 MLS (azimuth
and elevation)
2 MLS (azimuth
only)
3 PDME

Thus, the air-conditioner units' test data are not included in this table.

MLS AND PDME SYSTEMS FAILURES AND MAINTENANCE SUMMATION (MAY 21 TO OCTOBER 31, 1980)

Total No. of Total Repair

Uptime Chargeable Time Failure Rate MTBF MTTR
(Hours) Failures (Hours) (Per Million Hours) (Hours) (Hours)
2,855.00% 6 17.33 2,101.58 475.83 2.89
3,437.00% 3 9.58 872.85 1,145.67 3.19
3,693.58%* 2 13.25 541,48 1,846.79 6.63

*The test data do not include accurate downtime or accurate repair time for the air-conditioners in the

operational systems.

Thus, the air-conditioner units' test data are not included in this table.



TABLE 9. BASIC-WIDE MLS AND PDME SPECIFIED, PREDICTED, AND SUMMATED MEASURED

MTBF VALUES
Specified Predicted Summated Measured
Item MTBF MTBF MTBF
No. Equipment (hours) (hours) (hours)
1 MLS system 1,500 1,632 475.83
(azimuth and
elevation)
2 MLS azimuth 3,000 3,030 1,145.67
subsystem
3 MLS elevation 3,000 3,539 951.67
subsystem
4 PDME system 3,000 2,965%* 1,846.79

*The predicted values is for a DME-1 which is commercially available. It does not
take into account the modifications made to the DME-1 converting it into a PDME.
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APPENDIX A
CHARGEABLE FAILURES LIST
(Related to Table 1)

AUGUST 1, TO OCTOBER 31, 1980

Table 4 Failure Failure
Item No. Item No. Date Failure Description and Correction

1 Azimuth antenna enclosure electronics

1 and 2 10/27 to During an engineering change test earlier this
10/28/80 month, transients occurred in the azimuth
subsystem. In repairing the subsystem and
bringing it up to operational status, the off-
line test was run. Phase shifter positions
+48 and +54 were indicated to have failed. 1In
position +48 phase shifter serial number (S/N)
57 was removed and S/N 172 was installed. 1In
position +54, phase shifter S/N 165 was removed,
and S/N 45 was installed. There has been no
feedback from Bendix Corp. as to why and what
in the phase shifters went bad. Corrective
maintenance time, 1.0 hour.

3 10/31/80 The self-test error was indicated in the beam
steering unit. Used procedure in manual Texas
Instruments (T.I.) 6830.1 for searching read-
only-memory (ROM) location. Found phase shifter
position +47 was causing the error. Visual inspec-
tion showed phase shifter position +48 to have its
fault light emitting diode on. Removed phase
shifter S/N 172 and installed S/N 61. There has
been no feedback from Bendix Corp. as to why and
what in the phase shifter went bad. Corrective
maintenance time, 0.5 hour.

2 Azimuth antenna enclosure air-conditioners

none

3 Azimuth antenna monitor antenna

none

4 Azimuth electronics rack

1 9/9/80 The monitor panel data link fault indicated.
Trouble shooting showed the BDA board (A2) in the
remote control panel located in the air traffic
control tower to be defective. Pulled defective
BDA board and replaced it with a spare. Found
integrated circuit Ul2 (55113) to be defective on

A-1
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11

12

the original board. Ordered a new replacement
for Ulz, No subsystem downtime since it was
operating in the local control mode, Corrective
maintenance time for reinstating the remote
control panel to operational status was 1.0 hour,

Azimuth electronics rack air-conditioner

none

Elevation antenna enclosure electronics

none

Elevation antenna enclosure air-conditioner

none

Elevation antenna monitor antenna

none

Elevation electronics rack

1 8/4/80 The amplitude modulator fault indicator showed this
as a maintenance fault. The amplitude wmodulator
module in the radio frequency drawer, 1A1A1A2A3,
was found defective. It was replaced with a spare,.
Corrective maintenance time, 1.67 hours.

2 9/25/80 Monitor timing executive fault occurred inter-
mittently. Troubleshooting the problem found
intermittent contact between the WCZ board
and its chassis connection. The board number is
1A1A1A4A14, Adjusted tension of board connector
contacts and reinserted the respective WCZ board.
Reset the local control switches, and the system
was operational. Corrective maintenance time,
5.33 hours.

Elevation electronics rack air-conditioner

none

PDME antenna

none

PDME electronics rack

1 8/15/80 The replay delay fault was intermittent. Trouble-
shooting localized the problem to board 1A2A4.
Isolated problem to a cold solder joint on resistor
1A2A4R46, which was resoldered. No similar reoc-—
curence of the problem since then. Corrective
maintenance time, 0.75 hour.

A-2
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TABLE B-1. MLS AND PDME SYSTEMS UNIT TYPES, FALURES AND MAINTENANCE (MAY 21 TO JULY 31, 1980)

Total No. of Total Repair

Item Uptime Chargeable Time Failure Rate MTBF MTTR

No. Unit Type (Hours) Failures (Hours) (Per Million Hours) (Hours) (Hours)

1 Azimuth antenna 1,646.41 3 8.08 1,822.15 548 .80 2.69
enclosure
electronics

2 Azimuth antenna * 1 * - _— —_—
enclosure air-
conditioners (2)

3 Azimuth antenna 1,646.41 0 0 0 -— -
monitor antenna

4 Azimuth elec- 1,646.41 1 1.5 607.38 1,646.41 1.5
tronics rack

5 Azimuth elec- * 0 0 0 - -—
tronics rack air-
conditioner

6 Elevation antenna 1,451.54 3 4.25 2,066.77 483.85 1.42
enclosure
electronics

7 Elevation antenna * 1 * - - -
enclosure air-
conditioner (1)

8 Elevation antenna 1,451.54 0 0 0 -— —_—
monitor antenna

9 Elevation elec- 1,451.54 0 0 0 - -
tronics rack

10 Elevation elec- * 0 0 0 - —_
tronics rack air-
conditioner

11 PDME antenna 1,486.58 0 0 0 - -

12 PDME electronics 1,486.58 1 12.5 672.68 1,486.58 12.5
rack

13 PDME electronics * 0 0 0 _ _

rack environmental
control, refer to
item 5, above

*The test data (facility logs) do not include accurate downtime or accurate repair time for the air-conditioners
in the unit.
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TABLE B-2. MLS SUBSYSTEMS' ENCLOSURES, FAILURES AND MAINTENANCE (MAY 21 TO JULY 31, 1980)

Total No. of Total Repair
Item Uptime Chargeable Time Failure Rate MTBF MTTR
No. Enclosure (Hours)* Failures (Hours) (Per Million Hours) (Hours) (Hours)
1 Azimuth antenna 1,646.41 3 8.08 1,822.15 548 .80 2.69
enclosure
2 Azimuth antenna 1,646.41 0 -- - - -
monitor antenna
enclosure
3 Azimuth shelter 1,646 .41 1 1.5 607 .38 1,646.41 1.5
4 Elevation antenna 1,451.54 3 4,25 2,066.77 483.85 1.42
enclosure
5 Elevation antenna 1,451.54 0 - -- - -
monitor antenna
enclosure
6 Elevation shelter 1,451.54 0 - - - -

*The test data do not include accurate downtime or accurate repair time for the air-conditioners in the
enclosure. Thus, the air-conditioner units' test data are not included in this table.



TABLE B-3.
Total
Item Uptime
No. Subsystem (Hours)*
1 Azimuth 1,646.41
2 Elevation 1,451.54

MLS SUBSYSTEMS FAILURES AND MAINTENANCE (MAY 21 TO JULY 31, 1980)

No. of Total Repair
Chargeable Time Failure Rate MTBF MITR
Failures (Hours) (Per Million Hours) (Hours) (Hours)
2 8.58 1,214.76 823.21 4.29
1 0.75 688.92 1,451.54 0.75

*The test data do not include accurate downtime or accurate repair time for the air-conditioners in the

subsystems.
TABLE B-4.
Total
Item Uptime
No. System (Hours)*
1 MLS (azimuth 1,451.54
and elevation)
2 MLS (azimuth 1,646.41
only)
3 PDME 1,486.58

Thus, the air-conditioner units' test data are not included in this table.

MLS AND PDME SYSTEMS FAILURES AND MAINTENANCE (MAY 21 TO JULY 31, 1980)

No. of Total Repair
Chargeable Time Failure Rate MTBF MTTR
Failures (Hours) (Per Million Hours) (Hours) (Hours)
3 9.33 2,066.77 483.85 3.11
2 8.58 1,214.76 823.21 4.29
1 12.5 672.68 1,486.58 12.5

*The test data do not include accurate downtime or accurate repair time for the air-conditioners in the

operational systems.

Thus, the air-conditioner units'

test data are not included in this table.



	Structure Bookmarks




Accessibility Report





		Filename: 

		ct81-43.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 27



		Failed: 2







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Failed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Failed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



